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Characteristics of gut microbiota of obese people and machine
learning model

WU Tong WANG Hong-Chao. LU Wen-Wei ZHAO Jian-Xin ZHANG Hao
CHEN Wei

School of Food Science and Technology, Jianngnan University, Wuxi, Jiangsu 214122, China

Abstract: [Background]| The relationship between gut microbiota and human health has attracted much
attention and became a popular research area. [Objective] To explore the feature of gut microbiota of
obese people based on the American Gut Project. To provide a theoretical basis for the intervention of
obesity based on gut microbiota by constructing machine learning models to predict the status of people
obesity. [Methods] Total of 1 665 normal samples (18.5<BMI<25) and 898 (BMI>30) obese samples were
downloaded from the website of the American Gut Project (AGP). The Wilcox rank-sum analysis was
performed to explore the alteration of alpha-diversity between the obese and normal group. In addition, the
logistic regression was performed to explore the correlation between alpha-diversity of gut microbiota and
obese. For beta-analysis, we performed the principal component analysis (PCA) to explore the difference
in the structure of gut microbiota between obese and normal groups. For the phylogenetic profiles, we
performed the Wilcox rank-sum analysis to detect any significantly different taxa between the two groups.
The PICRUSt analysis was used to predict the pathway based on the 16S rRNA gene sequences. Then, the
Wilcox rank-sum analysis was used to detect the significantly different pathway between the two groups.
To find the correlation between these significantly different pathways and genus, we performed the
correlation analysis. Finally, we used the Scikit-Learn packages in python to construct the machine
learning model and used the AUC value as the standard to justify the performance of each model.
[Results] The decreasing trend of alpha-diversity in the obese population compared to the healthy
population was observed after the Wilcox rank-sum analysis. In addition, the correlation between the
alpha-diversity and the statues of obese was confirmed using the logistics regression. As for the
beta-diversity, we did not observe the significant difference of the structure of gut microbiota after PCA
based on three beta-diversity distance matrix including Weighted UniFrac, Unweighted UniFrac and
Bray-Curtis. For the phylum, the high relative abundance of Bacteroidetes and the low relative abundance
of Firmicutes was observed in the obese group. Besides, a total of 57 genera was significantly different
between the two groups after the Wilcox rank-sum analysis. The genus of Ruminococcus increased in the
obese groups, but the genus of Prevotella, Akkermansia and Methanobacteriales decreased in the obese
group. All the pathway which predicted by the PICRUSt analysis were performed the Wilcox-rank-sum
analysis between two groups and a total of 63 significantly different pathways was observed. The gradient
boosted regression tree (GBDT) had the best performance with the AUC value (0.769) and test precise
(0.725) among other models. [Conclusion] This study revealed the feature of gut microbiota of obese
population based on a large-scale data sets. Besides, this study also constructed the machine learning
models based on gut microbiota to predict the status of obese, which provide the new idea and theory basis
of personalized medicine and diet.

Keywords: Gut microbiota, Obese, Metabolic pathway, Machine learning

Bt 25 I A 2 2 Ol B R, IR AR AR IR ARE(BMI>30.0)4 3 122 A, ik —$0 v b
A NFEFEREL, R E— IR A B AT TS 7RO i 2 ok iy o JUHAE &
WFoeAht, AR E AR AR RS (body  FEESE, MO AN I AR K o s P, fE
mass index, BMI){E 25.0-30.0 Z[A]]A 101Z£ A, E, H 26.9% (25.7-28.1) B PEF1 31.1% (29.7-32.5)

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



4330 A

Microbiol. China

LR REAREE P AE AU AT R A 5 1 i
ZAMEZAL, [F]IL2 0 e A A 1 XU
QLG . LTRORRERAG . O

% 1 R R R T N AR P gt B LA R T Z A A
FH, AR 5| T Ok 82 B BF 5 e, — ek
Pk, 5 AN T8 N R P A 30 KA 10" -10"
Z IR H A gl i DA L 5 v R A 1
AT, 22 e ik e A ) i B AE AR
5 NRPLRE A IE & 12 5% 5RO OC I B rh i A= i)
Ko R AR R 10 5240 Ak,
WA Z 098 RV I E R 518 F A 8
g AR S Sy L Z R E—E BR R, WIE T
FERZEEL SR 2P0 Z R AR ORH . o, A K
O RIF 5T 22 W Ji 3 A R O 3L 5 i S S B
SAEPER U gt HE U T
JRIR U2 A HAT — 2 A D

JIE T 5 1 1 TR R 2 TRV 7 A I AR ARk 5 i
TFZRE R PR, B R
ZEL T A S AT R A — A F 2 R 71 AT g
KINEREAFEME R Firmicutes/Bacteroidetes
(EART'S, BRI BB TT N K BRI Y 2558, 4
Mai ZEVFSE IR K Firmicutes/Bacteroidetes
HAH S BMI Z A7 8K B, G T Firmicutes
Fl Bacteroidetes ENEH: A 18 WA =F B A 22 4k
W05 . TEIBAKCOE I, Schwiertz 7
BT ENE R N FER B W 1Y Methanobrevibacter X}
F R R NTEA TR

AHIF 5 DA 3 [ g 3 T3 18 2 T i P v i e
fa FREFIE (%) AR W B TR R A TEAE A LR
MEAL b, N o ZFEME . B AN . YIRS 5 DL
AU D R 55 22 7 TH 2 G Hb A A N JE R g 18 T
(AR , I 255 T i 18 BRI 27 T B ERL A 2 >
G RERL, UG 20 T RN R 5 1 1 TR AR 1 O
FRARALELAT RIS, 305 A TR A AR R AR
J 1 TR RRAIE DL B g 37 WL AR 2 I T, DU Ry BT
i T TR R T S0 R A A B R vk

1 tEtS ik
1.1 BREHIERIR

Ji Y 8 5000 A 51 56 g 00 8 2 TH UH
AP0V D 0 1 R A RO RS AE 1250 Lk
PGB WEREREA . ZJ5, HAPRYE BMI B
1 655 AR ATEREAH 898 MEFEATEREA, ft
FEABEREA ) E Xl BMIAE 18.5-25.0 Z[a], —
FENTCHUA R W IR 5 e A AENE I R FUHE PR
S HEE AR E SO BMITE 30 PA B o 24
PEFE % (Chaol #5%% . Observed otus 75%% . PD whole
tree 540 Shannon $5%%), B ZHE(Unweighted
H1 Weighted UniFrac i 25)H1 OTU 3475 T3¢ [ fip
EIHRIJET QUME 4 F- &85k
1.2 BUEHRAZE

BRI FEHT R3.44F 5, FIH Wilcox
RIS 6 %07 HE Jie 15 ft B ATERY o 24648 B K4
Ao PN A B T 25 5500 . Logistic M1
KATIS o ZHEME S RS PR 1 G . FE 43
Hr(principal component analysis, PCA)F H 4
Brd&T 3 FOAF] B ZHEPERE B AE PR Z (A1) 25 57
H:rp Bray-Curtis i85 /2 FIFH Vegan #fHP3E T
JEAKEH OTU R4 . T A 4G5 38 7% i
PICRUSt i /FP255 4 KEGG Hudfa P k47 Bl
B, JFiEL R IEF H Psych B corr.test 21
HEATAH KA 3T
1.3 HBFFIREESHZE

Wl#s 5 2 A AL L F Python A9 Scikit-Learn
PLasp > A P Sy . B A SRR L B
BLARAR . 6 EEHR T [ H 4 F1 Back propagation (BP)
PZE 2% 4 PPN A AL a2 2] S A T g
S, FFE RS IR R i e i ES A TR
BRI S B RE L, BUETERIR, BR800
F RTEN BRSPS, Rt A PR T s
T v 52 ) S S 0 S G T I 2848 Ok 1 o e
BRI 240

SEMaAZ SR ALV el E I S 80E C Ml

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



SRS BT AR I8 B RERIE A S 2 > A8

4331

Gamma, Hr C BN KA, HAEJUE THEAXS
TAIRZMERDTREE . C M, NIRRT TR 221
AR, BB E; 2, BRI SR
15 . Gamma {H & 4% [w] H BR %1 (radial basis function,
RBE)# HAlF M — 124, FERETHIE T8y
fER 7341, Gamma {HBK, SCRFmESD, RZ
DO SR 1 e B 22, T S A3 ) P B8 2 i A 7Y
RS 2P

BEATLARAIE B VT 2SR A B Tk 1, Rt
5 i HL AR bR Y S B0 SR W 8 E
(n_estimators) F1 545 2 56 A AT DA FH ) die KRR AIE
#H (max_features), — X TREMLARAR 5, -k
TR AL H B 2 AT, (R 2 PR 234
PRS0 5 A8 B S BRI A R K. TRl
BT SRR T LU A 5 IORRIE O, BB A AR
AT (B R 2 3t R S 1) AR TR T35 T 4
U

o6 B B2 T [ 1 ) 5 S 8 4 ) S U D SR 1Y
BH (n_estimators) 2% > K (learn_rate). 5 HEHLAR
ARASTRD, A6 B B2 T I ARG %) 1 RE I A s 6 T e o
REPECH , PSR 8 B AR OB, 2 2] 802
8 68 JBE $i T ] U B e g T SRS o) i — R SR A 1
ZEMBFIERREE, 272 0K, BORVET IE AR BT
ENELRRERS /I a g =Ba o 8

BP # M vEfE = 2450, Hig FESH
SRR SEH . FESFUT ISR
HHE -

M=\m+n+a (D)
M =log, n ()
M =~Imn 3)

Hrbr, MORBREZ0 B, ke RIIZRM L iR A
B, n A Z I AR, m ke 2T AR
a JEUEAE[0,10]=2 18] () H %

I T BB 8 S s a] . Ho,
SVM #ES545 18 4« C=[0.1,2], Gamma=[0.1,2];
Xt FEEHLARARIMN 5 . n_estimators (1) HUEL 7 51 Ky

100, 1 000, 10 000, max_features F I 43
R auto. logy. sqrt; X7 BE & T Bl I,
n_estimators A HUE 5 BEHLARMAA[F] , learn_rate [
PUESERIN[0.1,1], K 0.1, MMk s
JABUESM IR 11, 46, 64,

AW E L A# ] Scikit-Learn HORE 18 B R
BN 3 AP, Horh 70% R FEAS F TR
Wk, 30%FEA TR I UE, FHoR A2 £
T 55 A8 b B ] R PR 17 (area under curve, AUC)H
VR PEHIRE R SR A AR >
2 FR545M
2.1 o BREMESH

AWFFE R T Observed otus, Chaol |
Shannon il PD whole tree PUF o ZFEVEFEEL, H
H1, Observed otus 1 Chaol FEFkF/RF—F
&P YIRS E JE, Shannon $5 500U Sz BRFFETE HH 1Y
YR pgEa e M, PD whole tree 3% e Bt FpifEfk I
P2 it Wilcox BRI 2 HT, 4 Fl o £
FEPEHE BCTE N TR N 1 1 o i 25 R I (P<0.01)
FEHIHE JHE TR v i 3B A W ) 8 B ARG MR
BEMMTHEREARE(E 1A).

H T RIE o ZREEFRECE & 5 NEHAFAEOCHR
FI T Logistic [0 53 H7 4 F o 2464 5 0T R 9 DGR
PE(E 1B), 45 FEH, PD whole tree 5 AKMIE
JHEAR A7 AE A R BN B AR DG HE , R W) i 18 T 22 e
A8 AL 5 M8 A AE DK
22 BEBHEHMESH

AR T 3 FORREIN B 2RI
Unweighted UniFrac, Weighted UniFrac #
Bray-Curtis [} % . H:H UniFrac M 25 )18 75 24
A~ OTU MR GEHFAM , it THEE LR P A Y
RARE RFZKITEFAM ML . Unweighted
UnFrac 1 Weighted UniFrac & ) 22 507 T4 G
Z AN RIIAEAEA AT =E B . Bray-Curtis B 5
FEILT OTU M THEGE T, I LB PV
YA S . il PCA JiMr, FAITA

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



4332 A Microbiol. China
A
500 EEEY ek sk kkok
I — 1 1 | —
° L o
: L4 .
400} 6-
1
<3001 S o s Group
£ 2 2 £ 4- E=ZNormal
© g 3 = E=Obese
2 17}
= @]
200 O [-»
100 -
10 2+ . o
100 | ' H .
. ¢ : ¢ v 8 P
Normal Obese Normal Obese Normal Obese Normal Obese
B
20
= - Chaol
‘g{, I Observed otus
< . PD whole tree
101~ | Shannon
0 C 1 I 1 I
Chaol Oberved otus PD whole tree  Shannon
El1 oZHMEREL(A)R Logistic @34 H7(B)&E R

Figure 1 The comparison of alpha-diversity (A) and the Logistic regression (B)
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(receiver operating characteristic, ROC)&R¥F FEALIE
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Figure 6 The ROC curve of all the models after the grid
searching

TF: BP: BP MiZM%45; GBDT: FBJEHTHIEIIM; RF: KL
MG SVM: ZZFEmEAHL; Random: FEHLIRMN.

Note: BP: BP neural networks; GBDT: Gradient boosting
decision tree; RF: Random forest; SVM: Supported vector
machine; Random: Random prediction.
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