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Feature and co-occurrence network of gut microbiota in different
body mass index (BMI) populations
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Abstract: [Background] The imbalance of human energy homeostasis is characterized by underweight,
overweight and obesity. Gut microbiota is related to the maintenance of human energy homeostasis, but
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the feature of gut microbiota in different body mass index (BMI) populations need to be further explored.
[Objective] To explore the feature and the co-occurrence network of gut microbiota of four BMI groups
based on the American gut project (AGP), and to provide new theoretical basis for intervention of obesity
and underweight based on gut microbiota. [Methods] Screen the gut microbiota samples with BMI
information from AGP dataset, and divide the screened samples into four categories according to the BMI
classification standards set by the World Health Organization: underweight (BMI<18.5 kg/mz), normal
weight (18.5<BMI<25 kg/m®), overweight (25<BMI<30 kg/m?), obesity (BMI>30 kg/m?). By calculating
and comparing the alpha diversity and beta diversity of gut microbiota, the overall feature and differences
of gut microbiota in four BMI groups were explored. Use Microbiome Multivariable Association with
Linear Models (MaAsLin) to analyze the correlation between different BMI groups and gut microbiota,
and add geographical, age, and gender factors as confounding factors to the model for correction. SparCC
was used to calculate the correlation of gut microbiota among the four BMI groups, and the gut microbiota
co-occurrence network of four groups was constructed. [Results] The decreasing trend of alpha diversity
in the underweight, overweight and obese population compared to the normal weight population was
observed after the Wilcoxon-rank-sum analysis. As for the beta diversity, the significant difference of the
structure of gut microbiota between the four BMI groups was found. There was no significant difference in
the relative contents of Firmicutes and Bacteroidetes. Through MaAsLin analysis, and adding
geographical, age, and gender factors as confounding factors to the model for correction, a total of
49 bacteria that were significantly related to BMI types were obtained. The topological structure of the
co-occurrence network of the four groups of BMI populations were different. The networks of underweight
and normal-weight population were more complex, while the networks of overweight and obese
populations were less complex. [Conclusion] There were differences in the diversity, overall feature and
co-occurrence network of the gut microbiota among the four BMI groups.

Keywords: gut microbiota, co-occurrence network, body mass index, 16S rRNA gene

NRfRE R A SRR B, Bt
A MY YE R 8 T R 5 5 AR BE ST AR 09 B[R] Y
STELAN S RE R A BE Y RE I SR BN B
R 55480 (Body Mass Index, BMDEn, #Eim
SRR ZEEL, Sz IR B 57
ARFEMAERET R, Y5, EHRCE8HR
PO Rk E R E KRR, 72 LR ER
TE If 65 8 B R AR T 3ok A A WU f 4T IR R
— R A SRR AT, AL AT A T A R
AN, T EIG N T A ) RURS: L O
M B . TR PR . e 450 R
FEEERARAX, SIEFEREAFMEL, &
e AR AL Y R ANSE T R I B

IR LR 3.9x10° AN, Hirp RH s>
IR TR 751 L AN v L AR e S (o
., BRI, A RAIE 2% T 1000 J7
FAETUREEN, AR A BHEH AR 150 £,

111 A 38 A 0 21 SR R B PR < AR S —
JERATS . R, A T8 R — A A
FrOR S AR S R G0, i 18 T A 0 AU RE )
B AR AR AC RE T, AR NS e R A
HEELEEN . HNSMFZHIR R, AR
A BRI G R % 07 T T 1B R A
SRAISE, o B R R O R 5 AR 22 B 2 TR A7
TESCHRE

Ji7a 3 TR R O 55 ML R e AR T 5 A 2 (] A A T
RKFR . ZTNYLEELW], 16 T8 = RE
R IR UMM A7 R 4 A T, TR ] e S I
AT . Blin, R IRI R R/ A
AR B3 o SRV 7o D A £ v /N R,
P52 ME P AR 2 R AR A 0 BRT /0N B B 1 IE ki
WU, B ERARILEN RN R R E
AR AT R AR, REBHFEERN, S5IE
WA A RUAE AR EE , REJRE BAR A 38 T A ) 41

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



3778 (DGR ESTE(

Microbiol. China

B SRR & A T st SR, M IR
HAREHE, PR 18 A R RE G ) AU
W '] (Firmicutes/Bacteroidetes) W {8 2 A A 16 AN —
Hwgsieto ik, R AR i R T
LS. EN IR R, EE . IEE
R AR E R 3 S8R 8 T2 G B
25, (AEE AR AR E R N E E R o 2
PEPE S BT IE R AR E AR, S & R — 0
I RBIF T 25 SRR BT, DR R 78 o 9 1) (1 o
WA RN E WAL R, WEH
B, & TR A B K I 38 T R R AL Y BIF 9 4
b, A — 2R

AT DA S ) g 3 ] 1) 2 T HCHRE T v e
R TER . R IERE AR E R
A, FERIEFEARIER F, N o ZHM. B ZH
PE L VIR EH S 22 5 A 22 T T AR G U AT IE P
REE AR RAE, JFE 4 R B IE R
FEmgs, SR HEAELR . WX AN E BMI AR
Jr T RE R 250 S L AE M 2 g b, DU BT
TE TR T TR PPl B AR o e S o IR A R
HERLRARE

1 RS
1.1 PBREHIERIE

N 5 [ figg 3 Sl #2842 U0 v 7 g
A B FREALE 1 250 4504 00 iz i T ke
A, ZJEFENTEEEA BMI 5 S0 iE R
FEAS, FEARYE M B AR L 4URLE (1 BMIT K143 Fp
WENL T 5 REA SR 4 25 791 AN i IR
A, BMI<18.5 kg/m?’; 5 189 MIFWIKER:A,
18.5 kg/m’<BMI<25 kg/m*; 2 055 MBHEHFEA,
25 kg/m’<BMI<30 kg/m?; 898 /> HEJHE AL 4,
BMI>30 kg/m’. a ZFEPETEE(Observed OTUs 5
%4 . Faith PD 5§ %01 Shannon $840) . p ZFEEFE %L
(Unweighted UniFrac 1 Weighted UniFrac [ 25)#1
OTU A% 315 F 3£ [ I8 7R 3 F QIUIME 43 #r-F
EEES 3

1.2 8BFESWAE
T AGP HIEEF AN Unweighted
UniFrac I 2506 [, i B ¥ 2 o0 2 00

(Permutational Multivariate Analysis of Variance
Using Distance Matrices, PERMANOVA 1§ Adonis)

TERAE IR R M. BMI 7326
SGAENRY 41 FhiE 15 5005 5 HE TR ARSC
Mo ik R EF T Vegan BT AL(V2.5-6) T
Adonis BREL, EARKK 10000k, THERGAEEE
A B T M T AR 22 S A R (R®) K B 4
R B ETE(P<0.05 MK EA G #E ). BT
OTU &, FIMH Vegan #/¥4L(V2.5-6)1Y Diversity()
PRI o ZHEPERY Simpson #5580, T Unweighted
il Weighted UniFrac #F, “RH Kruskal-Wallis £ %5
PRIT 4 25 BMI AR B TR HE SR ZEf i 22 5. Jk
FI1. B JBAKF OTU %, FIA Amplicon F2J7
£21% Tax_stackplotOPREGTETT. B, B
P2 B2 T Rl 4L e B I PO R R P
Maaslin2 F2 ¥4 (http://huttenhower.sph.harvard.edu/
maaslin), 8 1) 2 48 15 AH OC L P B B R T35 AN ]
BMI 2855 BLAA 7 B TR RE Y b Z [ A ARG . A
TREARMRBAPESS, BERAE 10%FEA s LA Fh
B, MRS Adonis 3 B4 R K 5 505 DA R
TR . AR MR BIAE A RLAL T B TR 4%
2, JFRE O EREES 0.05 1 AR Y
TR E o
1.3 BEEFEENEINAZE

BE T Wyl = B A S A T A DG A 3 B AT R
ME WP AV EAER- . SR, BT
AT WP RN = B AR B, I ORI AT 48 X%
i, AJRES A BB AR . SparCC E—FhiE &
I B R R AR DA 20 B T 3, T LAHE Wy Aol
Z I AE S, DA R S A P W oA B A FH Y
2% o ARUPFTRBUEXS F AL R D — AR P T
0.1% 1) J@ AT AR 0B . B Tk J5 1 & K
Py B R o IRk Bl 4, SparCC 2351l
B4 2k BMI A IEERE P B AOCHE . it

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



YRR N[ SR SRR BN 18 TR A A S A I 25 i 3779

Bootstrap J7 75X R Ec g SE B AR 100 ¥k, R1G
100 BEPLECE 4 o X Bl HLECHE B v o e 1 AH oG
FEEEHEATIEA, ARATBEAIL S 4R i AH PR A B
MR TFAE S P AEAE . P AR )R
Z IR AR OCRR B ) 2, P {EDERAER I P =2 TR 7
AHOCHRFE ik 25 (P<0.05 MDA Seit22 5 ). i
B AR B XA R T 0.35 H P {E/NT 0.05 1
AHOCOC R 4 28 A HE 8 R A 2L A7 I 25

K R1E S " AY Igraph B2 FA2(V1.2.5)H A AH
KRBT R IF RS — RN N & 240, LIOE
UF TR R R 28 B FR DAL o O £ 1 B 45 A
Z B0 A0 FE T 55 80 (Number  of Vertices) . 311 %%
(Number of Edges). i% #:1£(Connectance)., “F-1
i (Average Degree). “F-¥J#§42K J&F (Average Path
Length) . H 4% (Diameter) . R 4 & % (Clustering
Coefficient), JFEH.0oPE(Centralization Degree). 41
¥ .07 (Centralization Betweenness) ., H.0» 'S5 %
J# (Centralization Closeness) . 3 (Modularity)
I H S (Number of Modules), H&T R2% 15 5 Y
B e, R S E
PAFTE 4 NN 1B TR AE 28 b 1) CHE T R
1.4 FASHTIE

ST HT F LT R 3.6.2 (https://www.r-project.

org/) -5, FIH Wilcoxon FLAIK I #E1T 4 28 BMI
NHEATE T REZE 1) o ZFREHERIT KPR s S0
43H, P<0.05 WK A BE 25 FIH Kruskal-
Wallis K330 #E47 4 28 BMI AREWIE HREZ A 1Y
B ZHEMEZERAHT, P<0.05 MK A BEES

2 FR545M0
21 FEEMESEEFEREEHEXMES T
J&F Unweighted UniFrac B4R, 805
TR HFERT Adonis Jy I T 1 EMIE AR
AL SANRE EE S AAERE . PR BMI 285
M I 5 Z (B Y SCHK . A5 IRRI], 2 1E EE s
5l 8 R 25 R OE (P<0.05) , 5 IR [ i
T 5 O i T8 TR B 22 S R RR I (R ) UE AT 1

FERGELHFE 1), Kb, 15 ErEE 5
T R 22 5 Z A TR B0 ) G Bk o AR L 1
Bl AR 2R X E AR B JER ¢ (Clostridium
Difficile Infection, CDI). #RJEMEMHK(Inflammatory
Bowel Disease, IBD). H MJiE (Autistic Spectrum
Disorder , AD) . W% % i 25 & 1k (Irritable  Bowel
Syndrome, IBS). J&hE . /R 2% 1 BRAE (Alzheimer
Disease, AD). HiJKJ#(Diabetes Mellitus, DM)5§
mETRGFEEOSMEREREME, Wi, &
J B BMI 251105 J7 18 TRTRE 11 25 S (R R E O 50K
FRRELR . EERE . HEAEN AR S E
EZ I ] REAETE B & 25 5, (AR —2B4R9E .
22 o ZEMES

K Observed OTUs, Faith PD. Shannon Fl1
Simpson iX 4 il o ZHEVEFEEERTT 4 25 BMI AR
7 1B W R S E R A 5] (K] 2) . Observed
OTUs fREFEARERIE—HEE PR 5
JZ, Faith PD 55800 2 i khikfb g2 hek,
Shannon 5 %A1 Simpson F5 5 fz WAET% H M Fh

Geographic location
Age

BMI category
Sex

Diet type
CDI

IBD

ASD

IBS

Cancer

AD

DM

Liver disease
Lung disease

le—04 le—03 le—02
Unweighted UniFrac distance adonis R?

1 T Unweighted UniFrac £5 /Y Adonis 8 X1%
S

Figure 1 Adonis analysis based on the Unweighted
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2.6 MEEBHEMESHR

XF 4 2% BMI AR 18 TR A7 I 28 i #h F s
WBBGHEAT/ (R 1), 4 25 BMI AR 738 w A AL
FEMZE AT g ik, PR . FY
BARKEE | BRSSO ES, TR
B 4 25 BMI A BESLAE R 28 4R 4 Dt ke 52 2Pk 22 ] 1Y)
ARl 428 BMI KNG 1 A 25 52 46.1%
(70 55)5 65.2% 77 (43 1), R 4 K AHF
i 3 DA RE N 2% 22 W) 4776 — 7 B BAR [R) 9 BAE G &R
(F 6), HHAh 3 R ABEML, RIS ARIE
P REAL AR RO 8 R AT 31 2%l (o HILAF 4% 1)
20.4%), 6 R (AT HAL A ER 19 9.1%) . TR 14
M TE AR MR 4 453015 HAAE
28110 2.6%), 2 D1 L HIEAE 48 1) 3%), TR
NHEI B R A R A 3 A5l (o HAL A7 ) 2%
(1 2%), 1A s (H HAEAE R 1) 1.5%) . JEEA
T TE RIS E 28R 1 45 (5 HAAE I 45 11
0.7%) LA FZEiT25 RN, 4 AR
A S PR — 2, L kE SR AR
J i TR A LA I A S M I B % o

R1 MERINENSH

Table 1 The topological features of network

Parameters Underweight Normal Overweight Obese
Number of edges 134.000 108.000 91.000 92.000
Number of positive ~ 133.000 107.000 90.000 91.000
edges

Number of negative ~ 1.000 1.000 1.000 1.000
edges

Number of vertices  58.000 58.000 51.000 51.000
Connectance 0.081 0.065 0.071 0.072
Average degree 4.621 3.724  3.569 3.608
Average path length ~ 2.329 2470  2.549 2.306
Diameter 5.000 5.000  6.000 5.000
Clustering coefficient 0.574 0.480  0.601 0.528
Centralization degree 0.200 0.198 0.169 0.168
Centralization 0.065 0.158  0.097 0.072
betweenness

Centralization 0.018 0.017  0.015 0.016
closeness

Modularity 0.515 0.654  0.690 0.649
Number of modules ~ 8.000 7.000 9.000 9.000

Normalweight Overweight

4
(2.6%)

Underweight

B Normalweight

Underweight

6 MERBEMENALESTREBRESR

Figure 6 Discrepancies of edge and node between the
four gut microbiome networks

e A 428 BMI AR E RN KA S22 5 B: 43
BMI A0 1 1 P00 41 i 1) B R 2 5

Note: A: Discrepancies of edge between the four gut microbiome
networks; Normal: Discrepancies of node between the four gut
microbiome networks

4 25 BMI A BfN7 38 B R A2 X 48 (TR 1
KF 0.4, WHABYALLEH, 428 BMI A I7iE
TR A7 ) 2 rh 4 R 0 s R IR AR O, X sk
SRR R R, XS 10 AN DL BT Y
KRBT 40T (B 7). WER R, BE AR
NHE W 18 TR A7 I 28 AR F N5 A8 Hh 43 S HA 2 MR
RGP A B B), 1B RS ARERA 34
BB B AL Bt B, £k C), Hr 4 2%
BMI A\BEM7IE R BER) Anaerococcus FREL(FEEL BN
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Figure 7 Differences of communities of gut microbiome network
. A: £ Ruminococcaceae_g_ F5¥; B: Anaerococcus #¥t; C: f _Christensenellaceae g_ Tk

Note: A: f  Ruminococcaceae g module; B: Anaerococcus module; C: £ Christensenellaceae g module

PR S S AR A A W], B AR i ] i 3 B SN 2. N Ruminococcaceae_g__
IR H AL, B2k A JERED ] (Firmicutes) . 4 BORMYFNABCRSE . 1EH AT A 18 B )
FFER 1 (Bacteroidetes) ML Z% R ] (Actinobacteria) » B AH B FH B A o) TR B R ) - B ASTRLT])
425 BMI A\ BEE R BERY £ Ruminococcaceae g & Z B A EAE R RS 3 B i 18 T R AL
B (B A) NP B S S PR A I B 25 57 FEM G PIZB N IR B 2, TEREAAE BAR
M £ Ruminococcaceae_g_ BRI E IFRE KT, FH B 1] Ak R R 5 Y TR R 2 A B A A
SIEH ANBEAE LG, REE R 52 A 8 AR LA H; R EANE A 18 A 45 rh iz iy
B G NI S R, T WRMEE IR TR AR, B R A A B
HFIAE SR A T8 TR A DO 2% Hh B 15 A ) T E AR B AR A TR 2 [ A AH AR
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FET RPN, 73x) 4 28 BMI
NREE A28 T I T E 2R (8 8).
f Christensenellaceae g . f Lachnospiraceae
g . M HFIRH JE (Blautia) . Coprococcus .
Dorea . % [CH & (Roseburia). f Ruminococcaceae
g . Anaerococcus F Peptoniphilus TE 4 25 BMI
N B R AL M B B A B, 5
M R SIS . AT R BUA I B S IEH
A N P TR R A7 Do 245 v ) B B S A R
o, RS AR TR A A 25 v ) Y
SARRIPERS R . T B BRI 8 (Ruminococcus) . B

Underweight

g Peptoniphilus

g Anaerococcus

g Anaerostipes

g_ Dorea
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f Rikenellaceae g

g Roseburia
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Y2 TE J& (Lachnospira)fl £ _Rikenellaceae g TEK
3ok 48 R T R R EE N R M TR AR LA I 2% v Y
SvEEGE, SHABY R OCHRAL R %, MR E
FIIE e N o 18 T A b B IR, Finegoldia
f Tissierellaceae g 1-68 FNEMRLR & (Oscillospira)
TE i T S8 P T B 1 TR R S A I 4% 1 B
PR, ERELRESEY AR EREDS
APy IR BE B2k . BLAN, Butyricimonas
5 Akkermansia FEARTE 335 M IE ¥ KT AR
A2 R R A o TEIREE i B B O T R
I 2% Hh AR AT T R AN B AE TS (Acinetobacter)
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Figure 8 Ranking of important nodes in the gut microbiome network
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Stenotrophomonas . f _Mogibacteriaceae g .

f Pasteurellaceae_g . £ Moraxellaceae g__ .

f Xanthomonadaceae g . TEH#H NFENAIE FHE
WX 2% AT Y 5N Salmonella.,
3 wWiE4i

AR Z A AR I B A Py 1 o B R W i i
FRETERE R I fF A AE R B HEAE M, 5 A
TR BMDIR ARSI S22 i gy e, 423
BMI ARFAIERREN o ZRMEAAERE RS, K
b8 EEFEE AR E R o Z2HEPETE
BOR AR T R AR, JF BT 7 18
o ZFEMEIRECE ST REART BTN
GRS H B, RUMAELR . BEEAIEEAR
(4 i JE TR A 2 FE R AR T IR AR . 4 28 BMI
AHEWER N RARSAEREES, S0
HEFgT gt B — 8" 1 KOV B R R 4
Wb, 4 25 BMI ABER & R A 35 i JERE TR ]
(Firmicutes) . $I¥F 1] (Bacteroidetes). LI ]
(Proteobacteria) . TLZH [ ] (Actinobacteria) FIPETK
W ] (Verrucomicrobia) 1 i, . R 158 . 1E# 1K
5 EEEHNEREARE Firmicutes 1 Bacteroidetes )4
SRR E R, SEWRARAETYT, R
M, AXTNEREAREN Firmicutes 1 Bacteroidetes
R AR B o 5 4 R R AR F B 4598 0F R — 2,
RIAHST R Firmicutes/Bacteroidetes TEEFEN
BER SN2 S ok AT WS R Firmicutes/
Bacteroidetes TEIBJFEABE PR, B2, X
SRS AR AR b T RS A SN R P, A e
ROTREAAE R BRI . A, M wfE—A i 2
PAESRSG, F—NTTKETARE &, .
kB Zh e S AR B fEE K225, I
BAE RSN E 50T, BT 18 G 00 TR R AS BT
R Thae . FERFE 5 UL R F R R K R AE E
TTRABNSE

MaAsLin 73Hr4s SRR, A[F BMI 7328 A ¥
J 18 v A A R R G PR A . BRI R

(Rikenellaceae)f1 Barnesiellaceae B{IFSE 2 1EH &
AR i B T BE b AR BT . RO R
(Odoribacteraceae)n] 73 i BE IR , FH HWF5E 3R
JE JE F8 3 i 3 v L AR X = B R AR T AR B A
BECY . TEAR IS P IR A MR 45 R, B
TR\ 18 B BE b B IR B (Rikenellaceae)

Barnesiellaceae #1517 F (Odoribacteraceae) #
X R S T ANME R BMIUIRAS ARE. bAh, A&
e L BAE & AT IE H BIR & (Lachnospira) )
FHXT B FHAL 3 RAH. EBEHE
(Lachnospira)B I\ ol e e & D A s IFnl =
FaBERR TR, X AR 2512070 5IEH Ik E
YN NN N SUR ZN BRIV A S i
%, 5 9% K BRI J8 (Veillonella) #1 XX 5 #1 & &
(Bifidobacterium) ) #H X} F= B Y945 & . Chen 4
FRY, T3 R RERHE (Veillonella) B UESE g 461
HUKHH, Bifidobacterium N NG IE b2 E DY,

PR, AR R 2 N T8 TR 22 R 1 2 51K
TR A HE, I8 i A DG A5 BUR T
e, (EAT R AEAE — 2 P 0 A g T 0 BR 0 T
J& o TEAWHETE . AT Kk B AT 7 R G TH R
(Blautia)TE B JrE N i 308 T 0 oA X 3 B2 0 o

Ottosson ZFRUME5 KM, i 57 %7 IR H & (Blautia)
5 BMI RIEAERY, HIATMBFTA 5. it
#h, MaAsLin 3145 53 B8 R
FEAE R A A 25 B AT 1R & (Phascolarctobacterium) Fl
Eubacterium, NEIENFEIE N & =F BB # )8
(Phascolarctobacterium) %% Wi 5% 5 Jak JE B% 2y &k 2 A
B2, Eubacterium HATRE N RGE KR T LHEVE,

Eubacterium T {5 SEF0 AT 38 120 7 A 50 B g T R 22
e FAEREAEAR D, 33X 2 1 g AT A5 M8 P 0L
A, BERATE T A E R AT BMI #5471
VB TEAE IR AL IeAh, AWFTE R B, I8 B BRIA
J& (Ruminococcus) 1 Dorea TEMRTE 1 6 S B FE N FE
JiE R B E A G TRE o Ottosso SFHFY T 674 44
BMI>20 kg/m” i S ARE RO IASE T RE, 45 5LR 0
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J&4 B BR A JE (Ruminococcus) 1 Dorea 5 BMI 5 1A
KB FEARREgE S E BRI 8 (Ruminococcus)
M Dorea PIAIXSFEETEIE R AT . ME . A
B miE T E s m, 5 AR Es R -8 K
T3 & PR 3 3 A BE(BMI<18.5 kg/m”)7 18
HhRE B BR B (Ruminococcus) 1 Dorea AHX 3 FiE i
EmTHAL 3 AR, XAELMEMIRSE bR IR
iH . % H BRI & (Ruminococcus) 1 Dorea 1R A
PR R 105 FFE AT A M B 7 2 28 1 3 v ) AR RS
FRE B T ARY e, FRATHEN H R
I J& (Ruminococcus)fl Dorea W fE- 5 RE R A5 TH
FE IR A7 K AN R 1) B RS A OG

4 21 BMI AJEMi e A W 2% A3 2
B —EE5, WETRMIEE AR AR 7E RN
FEILAF MR 1 S AR BBy, R R S R i 1
RFIAE 28 1S R BERAIR . 4 41 BMI AR 1E
LA 24 HAT 46.1% 0] 141 1 65.2% A ]
WAL, I A EA YR RS BAE G R SR
() Anaerococcus FEHE, XEEHH[FI AR . 7 5 S
HAER R AT RRE A7 8 TR B 250 . 7EFR
ITEWFFEH, Butyricimonas 5 Akkermansia y&={AKE
b OE AR T B TR A N 4 R
AL, TER 2 5 A T B A A B R R IE
(K 7). Rodriguez Z5F58 B, Butyricimonas
M Akkermansia Y5 FEARFIENR BT RA %, I
H Akkermansia W] 8K Zf 3 By ) & #4 1) BMI [
ERD . 7 F AR Jok AR 1 3 T LA M 45 R
AEIX 2 415 55, Butyricimonas Fl Akkermansia 55
HoAth TR T8 19 B AR OC R Y k2R B 55 1k RT B
BRI . b, MaAsLin 43 #fr 45 R &
B, BMAEJE (Lachnospira)f Rikenellaceae 1
R B RO SR, SRR AR,
o S B JHE g B TR A 4 Lachnospira
f  Rikenellaceae g 5 FHAth I J& 1) B AE R FE A
Ko Htt, SEREA R R M B AR R 551 sk
SR, B R SO T P TR R A D 4 A

JERARA IR . A BMI RS AREA I, AR
bR N BB R LA W 2% S R B ey o A AE
AN Bl A 1 & (Acinetobacter) . Stenotrophomonas
f  Moraxellaceae g 1 £ Xanthomonadaceae g
AR A SRR, B A RS AR R
(K7, Mz, AR BMUREIE BRI 285
T2 S ] RB IR th TR T R S EAE R R L
AT, K T 2P Y SRR I

Rif, BT FTEAAE—SEAN 2. HoE, 1
F 1 5 P R 9 52 A 2 1 1 sl A S I TR ) B
SRFIMES, U AEIE L P BMI DL B A
DRI 3 %8 MR g 3 TR 05 LA A T st 1 5 i )
XGRS R—8. BERTRERS
XA ST B I BTl 7 e — e WS, AT BFSE
I RESE A HEBR a7 S TR A% I B0 5 i
PRREC R MEE D0 AR, FRATRIE T i
e AR PERII R, TE IS SER A b T
AR AR BMI RE AR A o0 5 TR 45
W R A TR HE— 00 . K, A SCEURE
JEFTR IR 384 700 e AR A — 5 S BR A, 2
REXS B B JE KV RO A, TEvER o S WA it v
RSO A TR REL AL o DR IR R FH 2% R DS 2 0 e
AT IRA T, LA FE Rl P BE 2 AR OK P 1
P AERAE o Al , BT AR PR R4 T i LR 5
AR P2 BB FEAR R, IR AT i iE
RS AR ] BMI IR AS AT 0 € 38K

BNZ, FRA T AR R A T A T
AR T 4 28 BMI AREE E AL, [R]m
T IE A AR ST T 4 28 BMI ARFIA E
WAL M 28 Y 2540 22 S N TR BAE G &R,
LT 1 18 DR SR T FUNE e B A T o B S AN
Jie B IR ZS A (8T A P REAl

REFERENCES

[1] Krashes MJ, Lowell BB, Garfield AS. Melanocortin-4
receptor-regulated  energy =~ homeostasis[J].
Neuroscience, 2016, 19(2): 206-219

[2] Mendez MA, Monteiro CA, Popkin BM. Overweight

Nature

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



YRR N[ SR SRR BN 18 TR A A S A I 25 i 3789

exceeds underweight among women in most developing
countries[J]. The American Journal of Clinical Nutrition,
2005, 81(3): 714-721

[3] GBD 2015 Obesity Collaborators, Afshin A, Forouzanfar
MH, Reitsma MB, Sur P, Estep K, Lee A, Marczak L,
Mokdad AH, Moradi-Lakeh M, et al. Health effects of
overweight and obesity in 195 countries over 25 years[J].
New England Journal of Medicine, 2017, 377(1): 13-27

[4] Dobner J, Kaser S. Body mass index and the risk of
infection - from underweight to obesity[J].
Microbiology and Infection, 2018, 24(1): 24-28

[5] Flegal KM, Graubard BI, Williamson DF, Gail MH.
Cause-specific excess deaths associated with underweight,

and obesity[J]. JAMA, 2007, 298(17):

Clinical

overweight,
2028-2037

[6] Sender R, Fuchs S, Milo R. Are we really vastly
outnumbered? revisiting the ratio of bacterial to host cells in
humans[J]. Cell, 2016, 164(3): 337-340

[7] Li JH, Jia HJ, Cai XH, Zhong HZ, Feng Q, Sunagawa S,
Arumugam M, Kultima JR, Prifti E, Nielsen T, et al. An
integrated catalog of reference genes in the human gut
microbiome[J]. Nature Biotechnology, 2014, 32(8): 834-841

[8] Qin JJ, Li RQ, Raes J, Arumugam M, Burgdorf KS,
Manichanh C, Nielsen T, Pons N, Levenez F, Yamada T, et
al. A human gut microbial gene catalogue established by
metagenomic sequencing[J]. Nature, 2010, 464(7285):
59-65

[9] Shen TCD. Diet and gut microbiota in health and disease[J].
Nestle Nutrition Institute Workshop Series, 2017, 88:
117-126

[10] Sanchez-Tapia M, Tovar AR, Torres N. Diet as regulator of
gut microbiota and its role in health and disease[J]. Archives
of Medical Research, 2019, 50(5): 259-268

[11] Béckhed F, Manchester JK, Semenkovich CF, Gordon JI.
Mechanisms underlying the resistance to diet-induced
obesity in germ-free mice[J]. Proceedings of the National
Academy of Sciences of the United States of America, 2007,
104(3): 979-984

[12] Ridaura VK, Faith JJ, Rey FE, Cheng JY, Duncan AE, Kau
AL, Griffin NW, Lombard V, Henrissat B, Bain JR, et al.
Gut microbiota from twins discordant for obesity modulate
metabolism in mice[J]. Science, 2013, 341(6150): 1241214

[13] Blanton LV, Charbonneau MR, Salih T, Barratt MJ,
Venkatesh S, Ilkaveya O, Subramanian S, Manary MJ,
Trehan I, Jorgensen JM, et al. Gut bacteria that prevent
growth impairments transmitted by microbiota from
malnourished children[J]. Science, 2016, 351(6275):
aad3311

[14] Yun Y, Kim HN, Kim SE, Heo SG, Chang Y, Ryu S, Shin H,
Kim HL. Comparative analysis of gut microbiota associated
with body mass index in a large Korean cohort[J]. BMC
Microbiology, 2017, 17(1): 151

[15] Sun LJ, Ma LJ, Ma YB, Zhang FM, Zhao CH, Nie YZ.
Insights into the role of gut microbiota in obesity:

pathogenesis, mechanisms, and therapeutic perspectives[J].
Protein & Cell, 2018, 9(5): 397-403

[16] Marchesi JR, Adams DH, Fava F, Hermes GDA, Hirschfield
GM, Hold G, Quraishi MN, Kinross J, Smidt H, Tuohy KM,
et al. The gut microbiota and host health: a new clinical
frontier[J]. Gut, 2016, 65(2): 330-339

[17] Wan Y, Yuan JH, Li J, Li H, Yin KH, Wang FL, Li D.
Overweight and underweight status are linked to specific gut

microbiota and intestinal tricarboxylic acid cycle
intermediates[J].  Clinical ~ Nutrition, 2020, 39(10):
3189-3198

[18] Monteleone AM, Troisi J, Fasano A, Dalle Grave R,
Marciello F, Serena G, Calugi S, Scala G, Corrivetti G,
Cascino G, et al. Multi-omics data integration in anorexia
nervosa patients before and after weight regain: a
microbiome-metabolomics investigation[J].
Nutrition, 2021, 40(3): 1137-1146

[19] McDonalda D, Hyde E, Debelius JW, Morton JT, Gonzalez
A, Ackermann G, Aksenov AA, Behsaz B, Brennan C, Chen
YF, et al. American gut: an open platform for citizen science

mSystems, 2018,  3(3):

Clinical

microbiome
€00031-e00018
[20] Zhang JY, Zhang N, Liu YX, Zhang XN, Hu B, Qin Y, Xu
HR, Wang H, Guo XX, Qian JM, et al. Root microbiota shift
in rice correlates with resident time in the field and

research[J].

developmental stage[J]. Science China Life Sciences, 2018,
61(6): 613-621

[21] Ottosson F, Brunkwall L, Ericson U, Nilsson PM, Almgren
P, Fernandez C, Melander O, Orho-Melander M.
Connection between BMI-related plasma metabolite profile
and gut microbiota[J]. The Journal of Clinical
Endocrinology and Metabolism, 2018, 103(4): 1491-1501

[22] Gao XF, Zhang MR, Xue JM, Huang JD, Zhuang RH, Zhou
XL, Zhang HY, Fu Q, Hao Y. Body mass index differences
in the gut microbiota are gender specific[J]. Frontiers in
Microbiology, 2018, 9: 1250

[23] Turnbaugh PJ, Ley RE, Mahowald MA, Magrini V, Mardis
ER, Gordon JI. An obesity-associated gut microbiome with
increased capacity for energy harvest[J]. Nature, 2006,
444(7122): 1027-1031

[24] Ley RE, Turnbaugh PJ, Klein S, Gordon JI. Human gut
microbes associated with obesity[J]. Nature, 2006,
444(7122): 1022-1023

[25] Schwiertz A, Taras D, Schifer K, Beijer S, Bos NA, Donus
C, Hardt PD. Microbiota and SCFA in lean and overweight
healthy subjects[J]. Obesity: Silver Spring, Md, 2010, 18(1):
190-195

[26] Collado MC, Isolauri E, Laitinen K, Salminen S. Distinct
composition of gut microbiota during pregnancy in
overweight and normal-weight women[J]. The American
Journal of Clinical Nutrition, 2008, 88(4): 894-899

[27] Del Chierico F, Abbatini F, Russo A, Quagliariello A,
Reddel S, Capoccia D, Caccamo R, Ginanni Corradini S,
Nobili V, De Peppo F, et al. Gut microbiota markers in

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



3790 A

Microbiol. China

obese adolescent and adult patients: Age-dependent
differential patterns[J]. Frontiers in Microbiology, 2018, 9:
1210

[28] Serena C, Ceperuelo-Mallafré V, Keiran N, Queipo-Ortuiio
MI, Bernal R, Gomez-Huelgas R, Urpi-Sarda M, Sabater M,
Pérez-Brocal V, Andrés-Lacueva C, et al. Elevated
circulating levels of succinate in human obesity are linked to
specific gut microbiota[J]. The ISME Journal, 2018, 12(7):
1642-1657

[29] Qian XB, Liu YX, Ye XH, Zheng WJ, Lv S, Mo MJ, Lin JJ,
Wang WQ, Wang WH, Zhang XN, et al. Gut microbiota in
children with juvenile idiopathic arthritis: characteristics,
biomarker identification, and usefulness in clinical
prediction[J]. BMC Genomics, 2020, 21(1): 286

[30] Bosman ES, Albert AY, Lui H, Dutz JP, Vallance BA. Skin
exposure to narrow band ultraviolet (UVB) light modulates
the human intestinal microbiome[J]. Frontiers in
Microbiology, 2019, 10: 2410

[31] Chen J, Chia N, Kalari KR, Yao JZ, Novotna M, Paz Soldan
MM, Luckey DH, Marietta EV, Jeraldo PR, Chen XF, et al.
Multiple sclerosis patients have a distinct gut microbiota
compared to healthy controls[J]. Scientific Reports, 2016, 6:
28484

[32] Muiiiz Pedrogo DA, Jensen MD, Van Dyke CT, Murray JA,

Woods JA, Chen J, Kashyap PC, Nehra V. Gut microbial
carbohydrate metabolism hinders weight loss in overweight
adults undergoing lifestyle intervention with a volumetric
diet[J]. Mayo Clinic Proceedings, 2018, 93(8): 1104-1110

[33] Mukherjee A, Lordan C, Ross RP, Cotter PD. Gut microbes
from the phylogenetically diverse genus Eubacterium and
their various contributions to gut health[J]. Gut Microbes,
2020, 12(1): 1802866

[34] Del Chierico F, Nobili V, Vernocchi P, Russo A, De
Stefanis C, Gnani D, Furlanello C, Zandona A, Paci PL,
Capuani G, et al. Gut microbiota profiling of pediatric
nonalcoholic fatty liver disease and obese patients unveiled
by an integrated meta-omics-based approach[J]. Hepatology,
2017, 65(2): 451-464

[35] Rodriguez J, Hiel S, Neyrinck AM, Le Roy T, Potgens SA,
Leyrolle Q, Pachikian BD, Gianfrancesco MA, Cani PD,
Paquot N, et al. Discovery of the gut microbial signature
driving the efficacy of prebiotic intervention in obese
patients[J]. Gut, 2020, 69(11): 1975-1987

[36] He Y, Wu W, Zheng HM, Li P, McDonald D, Sheng HF,
Chen MX, Chen ZH, Ji GY, Zheng ZDX, et al. Regional
variation limits applications of healthy gut microbiome
reference ranges and disease models[J]. Nature Medicine,
2018, 24(10): 1532-1535

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



