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A machine learning model based on initial gut microbiome data for predicting changes

of Bifidobacterium after prebiotics consumption

LUO Yuemei*?, LIU Feitong"?, CHEN Muxuan’, TANG Wenli’, YANG Yuelian*’, TAN Xilan"**, ZHOU Hongwei"*

'Department of Environmental Health, School of Public Health, Southern Medical University, Guangzhou 510515, China; State Key
Laboratory of Organ Failure Research, Division of Laboratory Medicine’, Department of Geriatrics’, Department of Infectious Diseases’,
Zhujiang Hospital, Southern Medical University, Guangzhou 510282, China

Abstract: Objective To investigate the effects of prebiotics supplementation for 9 days on gut microbiota structure and
function and establish a machine learning model based on the initial gut microbiota data for predicting the variation of
Bifidobacterium after prebiotic intake. Methods With a randomized double-blind self-controlled design, 35 healthy volunteers
were asked to consume fructo-oligosaccharides (FOS) or galacto-oligosaccharides (GOS) for 9 days (16 g per day). 16S rRNA
gene high-throughput sequencing was performed to investigate the changes of gut microbiota after prebiotics intake. PICRUSt
was used to infer the differences between the functional modules of the bacterial communities. Random forest model based on
the initial gut microbiota data was used to identify the changes in Bifidobacterium after 5 days of prebiotic intake and then to
build a continuous index to predict the changes of Bifidobacterium. The data of fecal samples collected after 9 days of GOS
intervention were used to validate the model. Results Fecal samples analysis with QIIME revealed that FOS intervention for 5
days reduced the intestinal flora alpha diversity, which rebounded on day 9; in GOS group, gut microbiota alpha diversity
decreased progressively during the intervention. Neither FOS nor GOS supplement caused significant changes in (3 diversity of
gut microbiota. The area under the curve (AUC) of the prediction model was 89.6%. The continuous index could successfully
predict the changes in Bifidobacterium (R=0.45, P=0.01), and the prediction accuracy was verified by the validation model (R=
0.62, P=0.01). Conclusion Short-term prebiotics intervention can significantly decrease a-diversity of the intestinal flora. The
machine learning model based on initial gut microbiota data can accurately predict the changes in Bifidobacterium, which sheds
light on personalized nutrition intervention and precise modulation of the intestinal flora.
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Tab.1 Characteristics of FOS and GOS used in the study

Characteristics FOS GOS
C6(n+1)(H.0)(6+5n) (C6H1105)n
Molecular formula (2<n<4) (2<n<8)
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Molecular Weight 504-828 300-2000
Purity 95% 95%
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Fig.1 Flow chart of subject recruitment, allocation, follow-up and analysis.
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Tab.2 Characteristics of the study participants
FOS group (n=18) GOS group (n=17)
Characteristics
FDO FD9 P GDO GD9 P

Gender 12F 6M - 15F 2M - -

Age (year) 21.56+2.20 - 21.71+1.99 - -

Weight (kg) 63.67+11.09 63.72+11.34 0.77 58.31+9.99 58.8819.4 0.37

BMI (kg/m?) 23.29+£3.14 23.29+3.26 0.67 22.72+3.15 22.76+3.23 0.67

Fat mass (%) 25.41+4.47 25.82+4.77 0.15 27.29+5.08 27.53+4.94 0.61

BMR (cal) 1424.94+224.34 1424.65+231.05 0.93 1293.12+180.96 1291.29+169.12  0.90

Pair t test.
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Fig.2 Taxonomic summary of the gut microbiota at phylum and genus level. A: Phylum
level in FOS group; B: Genus level in FOS group; C: Phylum level in GOS group; D:

Genus level in GOS group.

WiE R R T B IR g A= T T T
P e HEME TR, 5 TIRETAILL ,FOS T-HisE 5 K
113 Shannon 3%k (P<0.01, [K13A) 5 PD_whole_tree
(P<0.01,/K3B) N, 1£GOS Tl , THiE 9IRS
T B Fi AH e, Shannon $8 %t (P<0.05, & 3E) .
PD_whole_tree(P<0.05, [£] 3F) .Chaol(P<0.05, ¥ 3G)

5 Observed OTUs(P<0.05, & 3H) B [, ifif X Fh
MEAER S RO 4k

F£F unweighted unifrac 5 weighted unifrac 7 25
(1) FAAR AT (PCOA) 3« PRI 25 A6 0 T000T M7 1 AT
FEREE G B 5 10 (adonis, P>0.05, K| 4A~D) . it
— b A T R AEEST LEfSe(LDAS2) /3 & 3 . 51



http://www.j-smu.com J South Med Univ, 2018, 38(3): 251-260 - 255 -

* *

A B c D
o —— 400 200

20| —
6
300 _
5
200
‘ 100
3
100
50
FDO  FD5 FD9 FDO  FD5 FD9 FDO  FD5 FD9

[an
[8)]
o

&
Chaol

Shannon
PD_whole_tree
Observed_otus

=
o

E ** F ** G *k*k H **%
- . e i i —
2004 — 400 -
° 17.51 200
3 2 8
2 300
c g o 15.0 E ‘ \ gl |
o —
15 e S § 150
£y 2125 =
[a
100 O 100
3
75, 100 50 I
FDO FD5 FD9 FDO FD5 FD9 FDO FD5 FD9 FDO FD5 FD9

B3 MERER SR

Fig.3 Comparison of a-diversity in FOS and GOS group. A: Comparison Shannon index among FDO, FD5 and FD9; B: Comparison
Chaol among FDO, FD5 and FD9; C: Comparison PD whole tree among FDO0, FD5 and FD9; D: Comparison observed otus among
FDO, FD5 and FD9; E: Comparison Shannon index among GD0, GD5 and GD9; F: Comparison Chaol among GD0, GD5 and GD9,
G: Comparison PD whole tree among GD0, GD5 and GD9; H: Comparison observed_otus among GD0, GD5 and GD9. Data are
median (IQR). (*P<0.05; **P<0.01, ***P<0.005, Wilcoxon matched-pairs signed rank test).

FRTAI L, FOS THi%E 5 K , ' W G )& (Roseburia) L FkefCilifaE 1 (I 6D).,

% Turicibacter F 19 Turicibacteraceae F [% (& 5A) , 2.4 384 1 AR ST TR SOHAT B £ 5 R LR
GOS F-1i% 5 K , WU A1 # )& (Bifidobacterium) i &7} B# &k

15, [RIBsHPEREE 2 hik T i e (Phascolarctobacterium) , B TEFOS 5 GOS it #irh , 4521 B/ 7B oz
PR & (Oscillosira) 5B L L (Pseudomonadaceae)  FEMEFE 15 d B C e & 4028 , - Had i LEfSe 434 ik
B R (& 5B) s 755 9 KA, FOS T R s &L RER  /nzs A e T-H05 d 2T b 1 OBUEFF R, PRI 3RAT T —
)& (Acidaminococcus) (515C) , {HAEGOS T-Hidl &k USSR ARLIEL, A, 765 dizs Ao T
P FF 1 ) (Bifidobacterium) g & FH R IR AERE 5, SUB AT B AR R BT REAS — B (B 7) Ly
# ik & (Phascolarctobacterium) e FR A G E - 20 AU & T, Hod GOS 4 5 12 A ,FOS4H /5 8
(Klebsiella) | 2% 5% % 49 (Mollicutes) , % i & 1 A3 8 AXUBATHIE I, Hih GOS 41,5 5 A\, FOS

(Tenericutes) fIRF39 /% RF&(E5D)., M 3N, 4 NS AT AL 504 0, Y48 FOS 4H . i
2.3 55 A TR B AL %vh — AT AT TS d 5 BB AT R AR (b 4 R g

i3 PICRUSt(LDA>2) /3 #r &3, fEss AE e T il FERI 43 8L R DA [l HE 4351 SCR T s
5 d )5, FOS 4RI A /i HRIIRE S LA S oAt AU i . 3 8 Ah T i , SUEEAT p
ALY RE T3, AR 12 SR TS , A e SRR IR, 8 AR 4, SUBE T R el A
(HEEZHARERE Sy At S ARz s BRI (EI6A) ;. ST, 16 S A S M by ~F- 7 26, A0 I 1) 1 3 T
GOST#i5 dJi , M CITHE Jydii , IR re M ife  (OTU /K )il ik B HLARAR (14 7 36k Xk 19 21 51 B A [X
J1 528 8B4 RAE T10E (1 6B) s fEA5 A e 19 d - 2, 45 /R :ROC 4k F i 4 89.6% (K1 8A) ,J-H.,
J&i , FOS ZHANTR DIRER AR HUAREIZERSSRAMF 2R AGRE s SRR B T LUK B, WS STk I 10H~0TU
F1(E6C) , 7E GOS 4 , 5 A= yi Tt JE R il AE Sy B BEEA T (OTU 1024743 Sphingomonas) AT
SRR P IR I BIERR ST IR AEAS TRJE (OTU 185604 Bacteroides) | 7 12 i€ 1 £ (OTU
WS ORI YR BE T RNAREIZfE /1S 187219 Lachnospiraceae) . EI2jiE # AL (OTU 4380039



- 256 - J South Med Uniy, 2018, 38(3): 251-260

http://www.j-smu.com

A [p:0.856 R2:0.034
0.05 L
13
& 0.00
FD#
b
-0.05

005 003 000 003 006

PC1
Unweighted unifrac distance

C

0.101P: 0.397 R2:0.044

0.05

GDS

O
g 0.00

-0.05

-0.10

-0.06 -0.03 0.00 0.03
PC1

Unweighted unifrac distance

El4 PEEEPE LR

B |p:0.705 R2:0.023
0.04
ens £
N
8 0.00
Al
-0.04
PC1
Weighted unifrac distance
D
0.10 { P:0.758 R2:0.025
0.05 G098
N
Q 0.00
GD5
-0.05 =
-0.10

-0.10 -0.05  0.00 0.05 0.10
PC1

Weighted unifrac distance

Fig.4 Principal coordinate analysis (PCoA) based on unweighted and weighted UniFrac distances. A:
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(Adonis test).
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