—t

92 www.kjdb.org NEeS#2021,39(14)

AR EMA KRS T R IE W

P87 N == 2T

RPE, BT

1. P EREERE B ey RA s Bl o R ERE B IR S EREVF S, i 200031
2. B HORSEavREE 4, il 200438

ME AR, WA Y 50 MR B HEsh T AEME AT K R , it — A
NI Ay 20 5 e A i RV SIS B 0 1) 2 A Ji VB SR I W I R R S 2R, O vl ey >
flt e 5 BT B IR . Tl G A T o M R AR R MY R R Y, R B T AR R
S5 A AT A T B B, % 7 ARGl W 2 A A S o0 A i 20 4 e B g A
TEANRERI A I . BEE B SERITRA , NI Wy 4L DI RE 4 DR RATL i Ak b 22 87 18 F 5
ML FET AR A E AT R T B2 B 2500, PREZITRE T REANLXHAEY
LRI ST , 703 A A S 4 2 T 7 1) A T — 2 2 R, (ELATS T i dke /0 X R AR
A BRI BRER 73BT WF 5 R GEPE TS 2 — P N5 | = U (EL S A D AL T A ™ i B BRI RE I A
LRI RAAE WA T TR SF AR B T Sl R A A W 2 K R R BRI
KR NSRBI AR REARAT ; AR T

N A ¥ 4H (human microbiome ) 45 25 7% 75 WL 20134, “FRAT G, FRATTAOMEERR " A%k

PR LW E A SR RBP4 A%
Y B BEE RIS IRA , NRBUEAH S A
AT K e b R, DL R
K Y U] R R RESAR LR /S BB IR )T VB TR
TS BT R AR, NS E WL
FEBEHTARAFEERI 2R E . NP A
UL QU STY-9/03: IAN 2 TPNES 7 G b7/ RS i1 200
R 2 B B T ol A 0 2 A A R T B FE R

(Science) T K BF2= 5805 52016 4F, “ AR Py 9
L 15 A % Nature Y2017 4F-f5 52 WA #5109 + R RF 27
FH 52019 45, o JRE 2 IR T 1y E A
A LIRS FEAN A % {Science) T KBl
FRAE 52020 4F, “fif 5 1A 1 417 B (Nature)) 25 R
2020 4 (HAR R FEMFEARZ — AEKHEDAT
S Ay At R AR R A A = 247 4Tk 1) i A B 4, AR
DA A B | S {E B A P Y B AR

Yk H 11 :2020-09-24; & 71 H #:2021-05-19
FEWH  Fig TR QU T 3R E 55 H (19692105100)

VEFB TR 2K, T8 50 WIS 07 1) S 2B ARk 2 S i, FBL TR 48 « hishi@sibs.ac.en; EICGRGIER) , BIDFUE 5L B

W, {54 : wangyue@sibs.ac.cn

SIS 2 R, e, VR, AR NSRRI 2 T e s A R L]

7857.2021.14.009

FEI7 1) hy LE A2 40

B SR, 2021, 39(14): 92-99; doi: 10.3981/j.issn. 1000—



—t

NS48 2021,39(14)

www .kjdb.org 93

1 ERRAZXMEMAERES ST

NG AT a5 e 3N 2R . T fif
UNNBE GO W TN G Y RS S
At =2 [) 119 G 28 LA SR A A= 0 20 i ey i R e
R, 5 5 E ARG W 200 1 5 o3 A 5T
o, NRMAE YA S Z AR C T 2 T 5
FO E BT TR P AL A R B AT R
NI TA AR B, B 12 W RNR YT PR
B o R TERUAE A SR R OC R F SR 7
I, B DF R R A, NS E 4 i B (A
Jmh g e AR AR MAEMA S AMERET 1.
gy AL RR DL RSPRS00 i 1l 4
AU K P PR O, TR S 7 9% L 2501t
G AR A L PR VA I R 7 N € 1 - 3 L 2 1 =
R O s I e ¢ B S B U I E LN NE Y G
Wy 2H 52 e AR B R e A R T ) R SR I
e, L IRBEGE A HE A i S A A R A
S A7 SR e 2R3 R i R ) AT BB o At R T )
BE AR, A 25 W0 R SR8t TR LA, 2R 3
PARSAE 2 2B TR IS Al AR A 5 SR AR A Tl Ay SR
IHE R A
1.1 AEREVAESERFIIFBRNLETFESHE

XF AR A kA B " o 5 RN
KA H S 79 32T R U A58 R
TE R JRWTH RV A M AL 5 A ke 20 B B, 45 G
VR D AL A AT F2 2 B I AR BT e, B
A NEHEW A R S A IS . PRI —
W B, 1 2 [ K RN IX AR e ST 1 NS A W 20 % It
TR AN E AL S % P 5 IR . 2007
AL EEA S T NERUE AR (HMP) | 3130 %
300 M EEREAS AR G B | TS R R B I RN IR
AR IE 5 AT R TE WAL ETT 165 YRNA FlZE 5
DRLZEL I 7 53 A, ZRAE R NG ) 2 ) A B e 4
ARG, 120 HE ST NS A: T W i 2 55 B R A1 8K
e . WK T 2008 4F )7 8 T A lgiE 2 B 413t
X (MetaHIT) , & 19 i 8 S AR Wy 240 09 F 90, S T
AL ARG IEMAEY RN S % H R B,

AR B NRMAEMA S5 NEET B
FHOCHE ) 2 B, S BT e e NG W A B B, A
P12 W RIR YT B AV A B A AN
MR EZ Bhr. EBIIIR I P2 ERK
REZY: VNI 2O N V-a -1 e A NG eI PN i
() FCAE B 2 R 5000 4, n 36 [ HMP T30 — 131
R iHMP ¢ Bl 1B X 8 5 1 BRI 5%, e B T
PRZE R RL P REAR | SAE PR 7 (IBD) (8 W PR
B A YA R R 22 R R, —sE 2
FF IR A SR AT BABI A 58t B T Lok A2
MAEMHMNAE SN R, 2 E S EH R D4
W5 PRI 1 A B e PR BA B 58 (TEDDY) "™ i
2= Life Lines BA %" 9% [F] Twins UK BA ™ L) (5,37
VA E TR ASNAE o 3 X S BASIBIFSE, 4
NBE A 405 B 5 PR R A 3% 2T 48t i R IR
O, A RHE R A sl R A AR A S 2
SRR T ORI AT, 2D I NS E A X
AR50 HEE N AR 4 % hv BT

AR T e S LT AR T e i
HEZFEEEBATAA L, RS RS
ATt &) iz IR (B EATEPr L E 4
56 TAE AT BB 85y . lan, 55 E HMP
TRl ke g ) A 0 2 2 5 DR Al B s 4 AU 7 2000
Z AR BN AE D15 22 5 I e s 4>
SRy 1k o 4 T N 28 3 A W A 5 B A R
& 4644 PPz E A P LN A5 B, Rk, AZEXT
NAE A G P AR IR 25 | A N TE D
20 ) AT S AR SR AR — B B i) P U 1)
BFRATSS o
1.2 ANEREWAINEE RGBT R A

MRER

ff b NETAE A 5 R R B R G R
JAR SR IR AN A W R iz 0 N2
Wi 7 %o SR AR s N RRE G D LA B T i H
TR I TG 18R 3 B2 ] o A 2 f 2 2
EME g

TEAH PRS0, B e, N2 Y AL 52
PN =I5 S e o o1 DL B2 B e 0RO e N
W2, Fln, e s T A S R EREN



—t

94 www .kjdb.org

RS S8 2021,39(14)

JRCES TR R il 2 e T VAR O, OF R B S 4
e Z AR AL R, AR E Al
P IR FE T Bl — 209 9, E A R IESE
N WAL S AR O IR LA 0 22
RYBIR TPE TGP 525 P B R AR S
i ) A R R VAR O R N A A W 2 ) o A
FETHREVE A R . AT A B T i E R AN
PSR = Y 52 eI/ MR S RE , 384 A T
JRUBSE; i 3 oA R E TR R B T B ) 2 o
& fiu A% 2 1 W I 10 S 00 4 R 0 R A B
Ja , NI A 28 57 2 AR AN 5| R G i F
IO B B AR AR, SRy e o T A S R R AR AR B T
JEBIZ ML . 0, OFFE B T A B R B U
A FIBIL™ s e BN AR A B 25 i 25 WA )
SRR R NS WAL CpG- SRR
TR S B 97 1k FVEFAR ST PD-L1 e 7 ik CT-
LA-4 ey 7L A5 G i R i AL L S 2590 ik
NBIFRE T RS el 510 7 AT BT S

TR ST 1, i T A A B R GE3
SR WA A 2R T I L A S BT BOR B JR)
BIR , 51l 2L~ s A O 5 ke o A P B L
X RE S IE Sl MR B A2 S RS TR T
LB B , SR ML ST 1% B A 3l
e eSS BN T RN G 7/ LA
R AR B B BFTE A 22 AU B TR I AT 1 -5 1
JRET A TR T S 5 B2 AT T xfE
AT TE A R SE R B ik Hh B S SR TR 3
PRI , ARRAE AR AT N Gl A My 45 A R S IR 14 5
il b, 1t — 2D SRR Al SR A PRERAARE BN AT
FEHE L

1.3 EFALRMEMASHIIERETZE

xiE

NS W AR i 2 R P % T S {3 B O 2R 1Y
NN T ESHERC R PNES DGR HER R P SV e i) 3
RN KRTE . BRI N Y R SN 24
Yk A FE S T IR Tt B it R A L Aok
NS LiaN IR N IDNE ST 7/ RS s S 1)
b2 R ) FE R ROAE | i A TR S A ol RO PR A ot
S HAICA KR DT AL ST IR it T B 2R
WA, R AR BT TR T 1)
1.3.1 AEETHRMANER

BT R ) N ZE AR W A R S AL
THEM RN AR T LRI B , o A
RN HE 8 . 07 VEds 3 ke,
RITHRER RERLAE 0 TS W) T WA G &8 55 T
T, H A AL T R0 B Be

1) THRERE RS . THRETERE RS A e i ELHE Y
NSEWAEY T 1005 20, Foe kA de e, F1) ) B
T RS ABL I YT 1 18 R Gt S S P B A 1 9%
I 2R R GEHIR JRAE B IR A 2% P 1Y T AT
PECAE 2 T R 56 15 B 50 UE . 28 [ Seres
Therapeutics Inc . Rebiotix Inc %5 2 Z i S 25914
s B A T TR 2 A R 245 ) , w8 e 1k 24 ) kA T
IROFFERT B, HAT 230 it A T, D EU LR E
BEA T (R 1) o % TIZ07 B HOR =6 13
A=W, R L A e R P A LA B A AL 5 X
50, R, 7T A B0 B 22 2 RS 1) TR A RS AR
T[], PEAS HA RO 22 A A I B B
KRR E A

21 MG PRI A4 35 8 28 25 W 24 (B Sk U - Cortellis Z0H 78 )

R ML BILY/ BN I 9
% [# Seres Therapeutics Inc SER-109 S AR TR R L
3 [ AOBiome LLC B-244 S
& [ Rebiotix Inc RBX-2660 R XA PRk e
i it Infant Bacterial Therapeutics AB IBP-9414 IRFCHE N 45 i %
I 1 [ S RE DS e Lp—-299v MAYIPUE W




—t

NS48 2021,39(14)

www .kjdb.org 95

2) e e T, A T R
A ] R NI W L G5 A R, SR i A
5 ERAHEAER, LB ERGIT B B 1, FAE
FH 43 ~F HLHRR T B B, A B8 A e 09 P S 30 R SR e
o LA Second Genome G /N F 1 Ak
DWW Al & HE B B A M A R fE £
ORI KI5, 5 T 5 B TR R gy
BT BE 7 PR %0 5 NI A S T B A= ) o
B ), 7 358 8 1) 24 0 1 RIR T R W 2 1)

NG AR S 24 ) 3 R A AR AR TR R SE
P75 S5 G B , PR ZE AR ER 2K L (ARTOR M
PEIT R SIS L A PAAE | o] 2 24 15 B8R 55
LRGN , JE B 250 C FE AN R T B Be
(£2). HH N H SRR IR 7T 3L
MRS TR A, LA [E Enterome Bioscience 23
H A AR A — St Al E /N 7 U R T 7 1)
HE— 2D A B Z IR A G S A SN 5 S5 9 A
ISPV T AE R AR YT

#2 HEANGRIBA R /N T34 25 259 CEa i I - Cortellis £ %)

WAL TR TE A
5 [H Kaleido Biosciences Inc KB-195, Kaleido Biosciences JREZAGIRZLEL | e 1 20
% Da Volterra DAV-132 MR AR AT B
£ Axial Biotherapeutics Inc AB-2004 H A E
[ Second Genome SGM-1019 AETERS VBRI

3) BEEEFR T BEEERT BN —F
HAY R E YR ST B, O B it T — A
IR A R BR A R T 105 %8 . HRi, BFFE A
S E 2l i i R IE ] 1 2 RS B B IR A I U7
ZEXF TR W 2R VA )RR T B AR AR IR
o S A B AR TR AN RLIR) R B THAL
1.3.2 RSEITWIRGHAIEN

N IR AT ST I ZE R FOAE 2 A T
AR MO i 2 RAZ AT BB T T 2Rk
e, AR A BE A AT G

1) ZERBAE . 0 AR W 4 5 19 48 3l
T, 2013 AEFER B AS P IE 1 S AR H s
PR ) R ORMERR RIS 2 W7 R YT TR )
I PR 52 A 19, b i A X A7 2 28 DA R 1] i
05 A S BE B Y IE RS T v o BEA T A S e e
KRMFERITRA Al BAE WA AW 78, © T e
T AL AR R, AAEME R |« H PAE SR ZY 30
FiE NEAE VR YT A i R R, SRR AIR YT
IETEB A E ) B2 0, B T S PR R b v AL S A
BER R IE AR B W AL, H AT — 2L 5 E 2l 1
LA RAVZER E , 403 [ 19 OpenBiome Fl Advanc-
ingBio ZE 1 &£ . [ 1) Taymount Donor Bank %% .

2) AR AR N . TSt g AR 2R

Bl AR AT, NS W A 5 0 25 AR T
() T RE A FR” EE ST AE R 0 i R 58 DT A
PEUEE 22 58 S6al 2 L HEShixX — O 2 i A 1l
PAF T 2 R RN IR, AR AT A
VAL Z2 1 2 5 M 4 A 25 A TR 9 B R DRk
PR 3K — R, b i — DSz AT AT AR AR
P R R B AR 25 AR TR R Tl E Sk 28
[ #3528 7] B 2 F & H FloraFIT® Al HOWARU® £
G077 it B RIS [R]NFE RS SR P2 it o A 3™ a4k
FE

2 PEAXMEMALZRRR

21 EM#R#HE

FENZSE YA 5 A B B, e A5 1T A
FERE TS M ERM XA, S 58 EPRA
B W5 2 S R R 3k LA A AR 5T vl i, 16
RS B A i — 3 R B BF 5% A 42 5 3] MetaHIT
TR, SR 2 B RE K G AF 2010 4F7E (Na-
ture) A% i & R — A NGB A YIS B &
2014 4F, HAERIEN =7, ZEBIE KGR —2
A T IR I HMP 35 BRI MetaHIT %1 |
FE A PRI AT 5% I 2 W 38 A O AR AR B, ST



—t

96 www .kjdb.org

RS S8 2021,39(14)

AL T R 2 A NFR I O Y S E SR,
AR, BT b A 41 225 7 5 R g A oF
FOLI R 20124, LRI 345 24 L)
J A A AT R GE 5B, R TR PR f8
Ji 3 A M KL IR H S5 2014 4F WV K 24 RS0
A F IS RS ARG RIS, S T 4
BR A o R AL T I T8 B B R 45 2019
4 BRI R IF 7S A BA I T 55 R 2 B R, b
AW 3B A AL REAS v 43 B 4R A5 6000 2 4% 1 18
FERE , 5 31 1520 4> = o i Sl A 0 2k DR A v ] A e
Tl IR A S B R

v, sh E AR B AT R T — R
55, RIL T IS R B BRI R R e ) 4
FHLA , an48 7= W 1 TR A 52 R CCR2 B W3 201 i
SRS 5 ML T RS AR T M E MY
-7 PR - e PE e 2 B O HLER B E R s rh i %
HEAE I R B A Z A I IR B 241 4, W] e ot ek
USR5 R T N A T AR PR S Y i
5 33 WA IR 5 2R U AE o LA FE N 2R
AW 2R 5 v 25 A0 B AR ST b B R R A1)
W UESE 27 B AR V% ik R T A A
SER LA AR PRI s R 2 W BRI 2R B 1E BT 24 57
T GA7 ZFp 2 BEAE ML 5 M B U E A
22 EMFERALHEE

o [ NG W AR B Bl i 25 ) ke BT
BV A AR M . AT AT N S A R
RAE MR NS B A S LR A
Al T T B 2 A W 2 I A 7 T R 2T
WIHAZG W K BB B, 3 I RE 4R TP T 5 SR B AE
BB LS RSB YR . TAE/ N FiE 2
YA 5 T, B AR v DT VR R 2 v R B
YIS BT S T S ) 254 BR A w R [R A & 1
] o 11 I 1) i — 7 B ) BT 2R 2 06 SR IE YR T T 24
JUIA—H BRI 2 (IR TR M S L B ) B
AR T AN I AR Ok U, A T AR S U Dk
BEZ 25 fe] R AE DR TR UESE , 25 &
T BRI A A TE S L K, LN H TR
KA LTINS 250 & AT Al .

FEFE PR AR S, v L AE BB AR TT & FIAn

PR 55 7 AR HURE T —E R SE . 20144, F 5t
RPN TV RS PR N S e (SR O
ERREEIEE R HR S ;2015 4F B st EERER
S B R R B A U A IR A 7 T A B
Wea A T AR HE R %, L5 52 [ OpenBiome
VRN BRI R 2 AR E R PRI , S8 A Bkl
213 WHEHRARIATT o T AR ST 2R HOA i il AR
G T E 0 JRAE P o B A A A TR PR
o AR O T R RS R AR 1 1 R MR i
I RAE 2 S A BEMEDA

T4 A2 RSB A R DR Al ATl H e T 1 /D
R A i A T AR A B, SRR A T AR TR
Ze A R T T B 4 L i B0 T 7 44 5 ) v e
i P A O b 4 25 TR TR PR A R IR T [ bl . 1
AR 25 R 2 22 R ARG R Y B 1, L
PHATEE AR5 SER G DEMFL GEr g
AR B, TEAETF I A AT AT AR AsE 1
FRPR A PR , I 78 i A T 0 8 07 oo 80 R R T
A PEORIPAE DT U T HOR S

3 HEAXMEMARREIN

3.1 MERMRHPEABFTRHALMENESE
Fr 31
NEAYI4L A B H SR 28T B v, TR 52 3]

AR AL R FREERE SRR N R AR, [ A i

REAS S W v [ RS RO R B E A 2% 7 5]

Je PR SE I — E A, AR ST A

NHEREA S . P IE B 2ol R BT e

NHEBAZ 49, L 9 58 308 2 % 7 e B s B <5 1=

B 4 7 A0 AR I JHE - E B PR E AREBA S e sty

o = PR e i) 2 B O SER S IR BASI A5 i 26 A B 3 o

RAE N W A R , 47 T 4 2 B RS

TS YA BRI , AN A ST 5 1 P

b0 5% [ iHMP 33 B ) A L T ST AH L i A

TEBASRUEE RN BE S A 0 TS o 2 A RE

J e M DX 25 (] 5T
RV ST R L AR AT 5T A, e fRAIE

BB AR A RS | i o 300 T b S =2 1 D ) il



—t

NS48 2021,39(14)

www.kjdb.org 97

I IF R AR E R TR B R TRIAR RS R R RS
TR T AL 2 LT 7, LR S T R B
YRR, [, e E CJF R 2 A A 4R
NFERITL 955 A BRI ST b, DRI AT A 4 % 58 4
B, R E A BECAE W20 2 2 R R R
3.2 MEBAEMEVANTHERSGY, BEHR
B

JL 3 NS A A 1 255 i A AR i B %) R SR AL
JE NZEHAE Y AR5 B S AT 55 S AR T B 2
PRBEA SR Bk 4 20 A8 e BT L 000 S 16K 45 )
FEAR HLE 0T 24 SR R ST T
Yo MRTEAL BB AT L B DL B 28 24
P AT J AR L i 7, (H R B = X A28k
YIS B AR R R 51 5 A5 P BARASE/N L4y
B, W ST R BE RN i A Rk — 2B T . I 104,
{Cell){Nature ){Science )55 ] ]I T A9 NS HE
P20 1 SC R A 2010 419 14 /5 B T2 2019 48
1459 4 , Horprep R AR R RIBSC 1256

AT N E W A KL T BRI, 2
e FBHIFBEIT | B Be U Rl IF R IFST , ST X R 1
fa R ) R, I ] — B Rt &, BT ARk
IR GT SCRERR T 10 £ 0], B IE B3 H v ) R SREAIL
il o RIS, AR HE A0 A P 4L A 5 A o BF ST
VPR, R TS I E AR E R —
TAFRHER B A, RGBT 51 RS FRA AT
BN, 3E— 24T 1 T A T RGP R BE F25 48 AR T
KA RERIANA MR R
3.3 THHARER2, FLXEBEBFHMIAF~RH

ANEREYAE =G

RZ W58 B 4 0E 32 35 A T A8 A\ 28 A 4
PR 7= fib B D8R A N S (E Y i R 25
A T TR R T T S B Sk 2B Wi AR R, PR 5% A
PR AR S, v B I s> [ 3R AL
i A TR R R I B DR R DA T A R R A AT
FHFZRLJ LA & 04 TR R 24 B0 vtk o 0 1 9 i 25
A B B R AR IR T EAML . PR, A AR 58
1 DAL 08 1 o (A 7 i A D A,
KR E TR S

HEOM A B G BEE BEr A ) SRF B i

PEGE G LR A RS LT 6 48
AWEERIT R, %08 JARAE AL E A 6 1) fs 18
YR A TR TR & 7 R R L. (]
B, OB B T 5 4k (4 A1, s A 87k
AR BUR B PR %1k
3.4 HESZ—MREMENMERE, AEH~

s TR A

N 1 20 AH G5 I 7 R ft o e 3 1Y) 4
3k K e i APRZETE AR AL A AR AL K T |
TSR | 42 A TS B S AP A i AR A Tl 3R
BT R, TR B 25 AT BB AR LA N RS
HEHETFHEA T o H2, v B G ST & AR
WA TR, DATE TR 2R A 2590 R 191, 7E 1990—2010
EC A HE 7L TRz 2R A 20, andE FERR i nK
T CEOLT AR ALY 2 AR T 58 3 T
KEZBEREGEM2EMNEE, 5L E &m0 RS
R (FDA)XT T I% R 2R AW 259 1 e SCORI“f 5
TG T P i — SE 20 B, O R A% A 21 T By 36 7 5
NEp e Bt Y TR Sy N R 11 G i e s e S R
TRIA Wl AR BOMETT J 25 A Gl Ak N 8 ) 2
DR 7= i, oL o £ W A T e s e R
Jo S AR L 8 A Al A & R, 2y
T AT AR T R . P, D AT A e 1T
M WA, 51 S AE AT A BRE AT AR R

AEBUINBR A BT TR P ] i e — g N2k
Py H AR S 2T SRR | g D Bl o AR
WA %) T A [T, PR R DG W A8 RS | ST it
S48 D) AR I AR R i R N R A S
RHURE) X B 1) 7= et 5 A PR R o

£ % 3Lk (References)

[1] Stewart C J, Ajami N J, O'Brien J L, et al. Temporal de-
velopment of the gut microbiome in early childhood from
the TEDDY study[J]. Nature, 2018, 562(7728): 583-588.

[2] Vatanen T, Franzosa E A, Schwager R, et al. The human
gut microbiome in early-onset type 1 diabetes from the
TEDDY study|J]. Nature, 2018, 562(7728): 589-594.

[3] Tigchelaar E F, Zhernakova A, Dekens J] A M, et al. Co-
hort profile: LifeLines DEEP, a prospective, general popu-



—t

98 www .kjdb.org

RS S8 2021,39(14)

lation cohort study in the northern Netherlands: Study de-
sign and baseline characteristics[J]. BMJ Open, 2015, 5
(8): €006772.

[4] Goodrich J K, Waters J L, Poole A C, et al. Human genet-
ics shape the gut microbiome[J]. Cell, 2014, 159(4): 789~
799.

[5] Zeevi D, Korem T, Zmora N, et al. Personalized nutrition
by prediction of glycemic responses|J]. Cell, 2015, 163(5):
1079-1094.

[6] Human Microbiome Project. Microbial Reference Genomes
[EB/OL]. [2020-08-20]. https://www.hmpdacc.org/hmp/ref-
erence_genomes/reference_genomes.php.

[7] Almeida A, Nayfach S, Boland M, et al. A unified catalog
of 204938 reference genomes from the human gut microbi-
ome[J]. Nature Biotechnology, 2021, 39(1): 105-114.

[8] Mazmanian S K, Liu C H, Tzianabos A O, et al. An im-
munomodulatory molecule of symbiotic bacteria directs
maturation of the host immune system[]]. Cell, 2005, 122
(1): 107-118.

[9] Stephen M C, Michael S, Premysl B. The interplay be-
tween the intestinal microbiota and the brain|[J]. Nature
Reviews Microbiology, 2012, 10: 735-742.

[10] Zhang D C, Chen G, Manwani D, et al. Neutrophil age-
ing is regulated by the microbiome[J]. Nature, 2015, 525
(7570): 528-532.

[11] Zhu W, Gregory J C, Org E, et al. Gut microbial metabo-
lite TMAO enhances platelet hyperreactivity and throm-
bosis risk[J]. Cell, 2016, 165(1): 111-124.

[12] Sampson T R, Debelius J W, Thron T, et al. Gut micro-
biota regulate motor deficits and neuroinflammation in a
model of parkinson’s disease[]J]. Cell, 2016, 167(6):
1469-1480.

[13] Olson C A, Vuong H E, Yano J M, et al. The gut micro-
biota mediates the anti-seizure effects of the ketogenic
diet[]J]. Cell, 2018, 173(7): 1728-1741.

[14] Zimmermann M, Zimmermann—Kogadeeva M, Wegmann
R, et al. Mapping human microbiome drug metabolism
by gut bacteria and their genes[]J]. Nature, 2019, 570
(7762): 462-467

[15] Tida N, Dzutsev A, Stewart C A, et al. Commensal bacte-
ria control cancer response to therapy by modulating the
tumor microenvironment[J]. Science, 2013, 342(6161):
967-970.

[16] Matson V, Fessler J, Bao R, et al. The commensal micro-
biome is associated with anti-PD-1 efficacy in metastat-

ic melanoma patients|J]. Science, 2018, 359(6371): 104-

108.

[17] Gopalakrishnan V, Spencer C N, Nezi L, et al. Gut mi-
crobiome modulates response to anti—PD-1 immunother-
apy in melanoma patients[J]. Science, 2018, 359(6371):
97-103.

[18] Vétizou M, Pitt ] M , Daillere R, et al. Anticancer immu-
notherapy by CTLA-4 blockade relies on the gut micro-
biota[J]. Science, 2015, 350(6264): 1079-1084.

[19] Fei N, Zhao L P. An opportunistic pathogen isolated
from the gut of an obese human causes obesity in germ-
free mice[J]. The ISME Journal, 2013, 7(4): 880-884.

[20] Warren J R, Marshall B. Unidentified curved bacilli on
gastric epithelium in active chronic gastritis[J]. Lancet,
1983, 321(8336): 1273-1275.

[21] Walter J, Armet A M, Finlay B B, et al. Establishing or
exaggerating causality for the gut microbiome: Lessons
from  human microbiota—associated rodents[J]. Cell,
2020, 180(2): 221-232.

[22] ok, ET, 9raE, &5 AR L R SRS
K (1] T EA Y TSR, 2019, 39(6): 97-103.

[23] Surawicz C M, Brandt L J, Binion D G, et al. Guidelines
for diagnosis, treatment, and prevention of Clostridium
difficile infections[J]. American Journal of Gastroenterol-
ogy, 2013, 108(4): 478-498.

[24] 5K AW, sihs . AT AR 2 IR RERS AL, Bl il 4,
2019, 64(3): 285-290.

[25] Qin J, Li R, Raes J, et al. A human gut microbial gene
catalogue established by metagenomic sequencing[J]. Na-
ture, 2010, 464(7285): 59-65.

[26] Li J, Jia H, Cai X, et al. An integrated catalog of refer-
ence genes in the human gut microbiome[J]. Nature Bio-
technology, 2014, 32(8): 834-841.

[27] Qin J J, Li Y R, Cai Z M, et al. A metagenome—wide as-
sociation study of gut microbiota in type 2 diabetes[]].
Nature, 2012, 490(7418): 55-60.

[28] Zou Y, Xue W, Luo G, et al. 1520 reference genomes
from cultivated human gut bacteria enable functional mi-
crobiome analyses|J]. Nature Biotechnology, 2019, 37(2):
179-185.

[29] Wu M, Liu J, Li F, et al. Antibiotic-induced dysbiosis
of gut microbiota impairs corneal development in postna-
tal mice by affecting CCR2 negative macrophage distri-
bution[J]. Mucosal Immunology, 2020, 13: 47-63.

[30] Qi X, Yun C, Sun L, et al. Gut microbiota—bile acid—in-
terleukin—22 axis orchestrates polycystic ovary syndrome

[J]. Nature medicine, 2019, 25(8): 1225-1233.



—t

NizSH 2021,39(14) www .kjdb.org 99
[31] Zhao L, Zhang F, Ding X, et al. Gut bacteria selectively 552-562.
promoted by dietary fibers alleviate type 2 diabetes|J]. [33] Liu R X, Hong J, Xu X Q, et al. Gut microbiome and se-
Science, 2018, 359(6380): 1151-1156. rum metabolome alterations in obesity and after weight—
[32] Xu J, Lian F, Zhao L, et al. Structural modulation of gut loss intervention|J]. Nature Medicine, 2017, 23(7): 859-
microbiota during alleviation of type 2 diabetes with a 868.

Chinese herbal formulalJ]. Isme Journal, 2015, 9(3):

Development trends of human microbiome and some suggestions
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Abstract  In recent years, the advances in the new generation genomic sequencing and bioinformatics technologies have
pushed forward the development of the human microbiome research. The relationships between the human microbiome and the
whole life cycle health, the occurrence and the development of diseases and the function of the nutrition or the medicine have
been further explored, which brings changes in the health and medical concepts. Based on a comprehensive analysis of the global
human microbiome development trends, it is found that the human microbiome reference sequence analysis is still in progress,
and its emphasis has shifted from the census of the composition and the distribution of the human microbiome to the analysis of
the composition of the microbiome of specific populations. The analysis of the causal mechanism gradually becomes the focus of
the research, meanwhile the health interventions based on the reconstruction of the human microbiome have ushered in new
insights. A large number of basic researches were carried out in China on the human microbiome, and great achievements were
made in specific applications, such as the fecal bacteria transplantation. However, some problems remain to be solved, such as
the lack of long—term tracking and analysis of large—scale population samples, the lack of systematic research work, the
insufficient independent innovation capabilities of the high—value reconstruction products, as well as some regulatory loopholes in
the product development. On this basis, some feasible policy recommendations are put forward for the future development of the
human microbiome in China.
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