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i E:AHFYIFHRTHRRL S B ahdEm 5 K-FFELE AL, mads b K-F 556K
MR R K B K . i A BRI e B AR R, T RS B EAR IS KA R R 09 K A B AT
FxF. (B8] MREZPEERRNZamERAREN S . F5ESAHERE LR, KiTE%
M E A AR B da g i g a9 AR Kb, [0 ik ] dR 34 # B0k 1 5 da BRAE AR, A A MiSeq il 2N
P HARXT AT 16S IRNA KB 64 V3-V4 R 55 #ATM G, AT 54038 E 2t F-alpid 2 % Afie 5 F
B E %R, AR T AL E AR E 288 #+4 45 (Kyoto Encyclopedia of Genes and Genomes, KEGG)
BRESATAR R B FKF I E A A RAE R T, @A X AT TR B3 €, BaFug
HAIR R 45 4 (Body Mass Index, BMI). fetg s g f #vmegmakAy. (4R Famid #5440
FaBf R MBI, 2E2FBBFEE A T, WX LI Ruminococcaceae UCG-014 sp.
52054 BMI e 2 803% & 2 R 48X, Lachnospira spp. 5 3-%a 5wt 2 fiA0 %, Alistipes spp.#=
Ruminococcus_torques_group spp.5 Z-8. 41+ = B8 2 i 48 %, Parabacteroides spp.5 5-%.4 HDL #=
FAIURE ZEAR X, @ Mucispirillum spp.5 HDL £ fi48%; KEGG 2472, ZH F L% F4a
M8 BB EARAKACEH) . PG A RIS 31 SR AR LR T AR T L EAIHA
2. [ WMEmA W T feid 1A & Fidh AR AR R vo fobE do flg /K -F-, Bt i #om B 0038 &,

KR MEAE, ZHEE, aAB6E, 16S rRNA KLF R A

Correlations analysis of gut microbiota with blood glucose and
lipids in the third trimester pregnancy
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Abstract: [Background] Inappropriate gestational weight gain is associated with disorder of pregnant
women’s blood glucose and lipids which are closely related to maternal-fetal metabolic diseases. Gut
microbiota coordinates the absorption of nutrients by intestinal cells, which may affect maternal-fetal
glucose and lipids level. [Objective] To observe the constitution and diversity of gut microbiota from
pregnant women with different gestational weight gain, and explore microbiota which may be related to
blood glucose and lipids in the third trimester pregnancy. [Methods] A total of 34 excrement samples were
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selected from pregnant women with different gestational weight gain. 16S rRNA gene sequencing in the
V3—V4 region of gut microbiota was acted by high throughput MiSeq method to analysis the constitution
and diversity of gut microbiota. KEGG analysis was used to study the metabolic pathway change of
different gestational weight gain. By correlations analysis, we can predict gut microbiota associated with
gestational weight gain, maternal body mass index and blood glucose and lipids in the third trimester
pregnancy. [Results] There was no significant difference in the diversity and constitution of gut
microbiota, but the percentage of differential gut microbiota has changed. Correlation analysis found that
Ruminococcaceae_ UCG-014 sp. was negatively correlated with maternal body mass index (BMI) in the
third trimester and gestational weight gain, Lachnospira spp. negatively correlated with blood glucose in
the third trimester, Alitipes spp. and Ruminococcus_torques_group spp. were negatively correlated with
maternal triglycerides in the third trimester, Parabacteroides spp. positively correlated with high density
lipoprotein in the third trimester while negatively correlated with birthweight. Besides, Mucispirillum spp.
was negatively correlated with high density lipoprotein in the third trimester. KEGG analysis found that
gut microbiota with average gestational weight gain was significantly higher in 31 metabolic pathways
including carbohydrate, lipid and amino acid metabolism than lower and higher gestational weight gain.
[Conclusion] Gut microbiota may affect blood glucose and lipids level by affecting the metabolism and

transport of nutrients, thereby affecting weight gain during pregnancy.

Keywords: gut microbiota, gestational weight gain, blood glucose and lipids, 16S rRNA gene sequencing
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798R (5'-AGGGTATCTAATCCT-3"), LAFESLTFARE
&L DNA AR, XF4HHE 16S rRNA K 1) V3-V4
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2K ¥ T (Operational Taxonomic Unit, OTU), >KH]
RDP Classifier 2.3 %] OTU R F 5 #E 174325241
Rt o 40T FRE S ek 0.01%B) KRR 41 2 [A]
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£1 SETFERNESIHRELER
Table 1 Results of normality test of various statistical data

Items 4ii{H Statistics value P {H P value
AEiy Maternal age 0.923 0.036
W24 JE First visiting pregnant weeks 0.846 0.001
A2 JE Gestational age 0.880 0.003
ZEHTREE Pre-pregnant weight 0.721 <0.001
27 BMI Pre-pregnant BMI 0.696 <0.001
Za R EE Perinatal weight 0.684 <0.001
415 1 BMI Perinatal BMI 0.618 <0.001
AT GWG 0.989 0.985
Bk )UK Birthweight 0.931 0.059
A %7 i Placental weight 0.940 0.100
Z2 6 W B 1M 1t B Maternal glucose 0.962 0.358
Z g 3R 11 A IEL [ i Maternal total cholesterol 0.986 0.954
Z g3 H il =iF Maternal triglycerides 0.865 0.002
Zf 6 3 = %% B2 IS 26 11 Maternal high density lipoprotein ~ 0.956 0.257
2 g W {IG %% FE I 25 11 Maternal low density lipoprotein 0.964 0.419

e S-W test: B2 i&-BIUR sk B (Shapiro-Wilk test), fRIFR SW AGHS, 3 T/MEAR (N<50)IEA MR ; P value>0.05, AARTTE
WL IEADG, P value<0.05, FEORIARH 2 &0

Note: S-W test: Shapiro-Wilk test, applied to the normality test of small samples (N<50); If P>0.05, representative data meet normal
distribution, P<0.05, data do not meet normal distribution

*2 ZPHRELRREZEN—MRERS MHEMAS LR

Table 2 Characteristics of general and blood glucose and lipids comparison by gestational weight gain

S8 HEA R IR R A WA e PfH
Items LGWG (N=7) AGWG (N=12) HGWG (N=15) F or H value P value
A% (%) Age (years) 35.0 (30.0-36.0)  30.0 (27.5-34.0) 33.0 (28.0-36.0) 2.254 0.324
ZHYR Parity 2 (1-4) 2 (1-3) 2 (1-3) 3.259 0.353
7R Gestation 1(0-1) 0.5 (0-1) 1 (0-1) 5.567 0.135
WILZ4H First visiting pregnant weeks 12.3 (10.9-15.6) 11.6(10.3-13.5) 12.7 (11.0-13.4)  1.096 0.578
I35 2 )5 Gestational weeks (week) 39.1 (38.9-39.4)  39.7 (39.2-40.1) 39.7 (39.3-41.1) 4.230 0.121
ZEHii{ATE Pre-pregnant weight (kg) 54.0 (49.6-67.0)  51.5 (45.5-59.9)  55.0 (51.0-70.0) 2.235 0.327
Z#Hii BMI Pre-pregnant BMI (kg/m?) 21.2(20.9-28.6) 19.4 (18.4-22.6) 22.0 (19.7-26.7) 4.122 0.127
ZE W AR Perinatal weight (kg) 63.0 (59.6-72.0)  65.0 (60.5-72.0)  77.0 (69.5—83.0)*# 10.456 0.005
241t 51 BMI Perinatal BMI (kg/m®) 25.5(24.3-30.8) 24.9 (23.5-27.6)  30.1 (26.5-32.4)*# 8.832 0.012
Za 14T GWG (kg) 8.1+1.9%# 13.6+2.1 18.543.5%# 34.523 <0.001
itk JLIATE Birthweight (g) 3241.4+343.8 3 483.3+330.1 3 548.3+440.9 1.533 0.232
Jii#t & Placental weight (g) 613.6+113.6 578.4+54.5 608.1+108.6 0.408 0.669
2 i BB 1 $5 AR Maternal serum measures in third trimester

Il H¥ Glucose (mmol/L) 4.384+0.42 4.46+0.36 4.46+0.30 0.128 0.881
H M =g Triglycerides (mmol/L) 3.05 (2.70-3.48)  3.34 (2.89-4.60) 3.49 (3.12-4.17)  2.697 0.260
SR EEE Total cholesterol (mmol/L) 6.68+1.32 7.01£1.21 6.51+1.56 0.413 0.666
TR %5 £ Jl5 25 1 High density lipoprotein (mmol/L) 1.80+0.52 1.85+0.59 1.81+0.56 0.022 0.978
K% )82 1 Low density lipoprotein (mmol/L) 3.95+1.04 3.94+1.15 3.53+1.44 0.406 0.670

e *: 5 AGWG MIILASIH 425 #: 5 LGWG MIHLA S #2E5R
Note: *: Statistical difference compared with AGWG; #: Statistical difference compared with AGWG
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Figure 1
W A FAFRIT(PCoA); B: dEEERZ4ERN B/ 4T (NMDS)

#1162 675 4%

[ A B S DX 3 T, $ A [ 24 1 38 D A AR X A
A, AR 2 YE R 43 B (NMDS) A] 45 21 A L5 R
(K 1), B EIE# 2 Observed Apecies il Chaol $5%%
YimFHA 2 4, ZREGIEEL(P>0.05), UL
%3,
24 ZEABERBEREHMEESNR
UK b, ZEEREAS L34 18 TR A DL JSERE T
I"J(Firmicutes). fAFFH [ 1(Bacteroidetes). LI
I"J(Proteobacteria) M £k | ] (Actinobacteria) }y
F, HFKRWEES 722 7(P>0.05); S
IR A L, W EON E Y Ak IR R T
(Nitrospirae) . JWARFFI T 1 (Deferribacteres) 2 .

0.5
L 3 . %
0.0 : ’
0571 LS
-1.0r
-1.5¢
Group
20 Group AGWG
o » Group HGWG
Group LGWG
-2 -1 0 1 2
NMDSI1

£ T Weighted UniFrac 28 55 58] PCoA 1 NMDS 7 #7
PCoA and NMDS analysis based on weighted UniFrac distance algorithm

Note: A: Principal co-ordinates analysis, PCoA; B: Nonmetric multidimensional scaling (NMDS)

K3 PHRELRFREEEHAN o ZHTEHRLR

Table 3 Comparison of stool samples’ alpha diversity indexes from different gestational weight gain

R A 24 B0 o R it fE P1H
Indexes LGWG (N=7) AGWG (N=12) HGWG (N=15) H value P value
Goods coverage 0.99+0.01 0.98+0.01 0.99+0.01 2.711 0.258
Observed_species 279.57+130.87 348.38+121.32 287.80+£126.61 1.794 0.408
Chaol index 405.27+209.21 553.69+202.65 454.30+£221.74 2.062 0.357
Shannon index 5.41+0.85 5.28+0.92 4.84+1.07 1.784 0.410
Simpson index 0.94+0.03 0.93+0.06 0.88+0.10 4.227 0.121
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MIAFEE 1 (Gemmatimonadetes) 5 LW R FEAL, B
BRI 1 (Acidobacteria) i WA, 25640
TR L(P<0.05), JE/KF L, TERRE S H>0.01%
MIREY PRI 14 Fh2E S E i, S IER A
FHEL 398 O B A R AR TR R AT A BE T R A 8
(Ruminococcus_torques_group spp.) . K %A &
(Anaerostipes spp.) . & /K 2% K 16 )& (Eggerthella
spp.); WEARHAT S AEEKER
UCG-014 (Ruminococcaceae UCG-014 sp.), | TRH.
MU TR J& (Butyricimonas spp.), FEARAIEREA w1
[KTH )& (Klebsiella spp.) . KiFF 0 J& (Mucispirillum
spp.) « MEFT 1 J& (Helicobacter spp.) . 1155 M i J&

x4 TRZPHBEKTHEBGERREHESRSH

(Pseudomonas spp.); SIEEALHML, HIE T
2 2H B MR J& (Lachnospira spp.). T B EKE R 2
(Ruminococcus 2 sp.). Klebsiella spp. /KT, 7
7 & (Alistipes spp.). R IE & (Parabacteroides
spp.). Ruminococcaceae UCG-014 sp.. FFUL/NEK
T J& (Subdoligranulum spp.)/KF-FEAK (R 4).
25 BEERSMEMAERXER

B 0 1 H Ok 1Y 2= K- RUE Y S A i 1
&, M BMI, A2 IO g AT AE S 4y
Mro AP Ruminococcaceae UCG-014 sp. 54251
BMI S HAHE, =-0.360, P=0.037; [FHf 5224
WE SR, =0.423, P=0.013, Lachnospira

Table 4 Analysis of the constitution of gut microbiota between groups from different gestational weight gain

WA TR MEARHE HWEIEEA WEMEH SoutE  PHE
Flora name LGWG (%) AGWG (%) HGWG (%)  Hvalue P value
I"143257K - Phylum level
JEEERA ] Firmicutes 42.50£15.69  51.63+21.02 46.21£20.00  1.626 0.444
WFFEE] Bacteroidetes 49.67+16.88  36.35+19.79 42.92+22.83  2.157 0.340
I Proteobacteria 5.16+3.43 7.15+7.71 8.40£17.86  0.907 0.635
TR Actinobacteria 2.08+3.12 4.58+4.50 2.33+2.42% 2315 0.314
EARIRTE LR ] Nitrospirae 0.01£0.02*  0.07+0.05 0.04+0.04 6.128 0.047
4k AT %] Deferribacteres 0.00£0.00*  0.04+0.04 0.02+0.02 7.333 0.026
ZEFFF T Gemmatimonadetes 0.00+0.00*  0.03+0.03 0.02+0.024  8.901 0.012
FRFTEE ] Acidobacteria 0.01+0.01 0.010.01 0.00+0.01*  7.234 0.027
J& 25K Genus level
EIER 8 Lachnospira spp. 0.38+0.62 2.87+4.91 3.56+6.16%#  4.363 0.113
73 2T J@ Alistipes spp. 4.07+2.51 2.07+2.81 1.94£2.31#  5.160 0.076
B4LFT % )& Parabacteroides spp. 4.38+5.43 0.88+0.8 2.01+3.45%#  4.723 0.094
Jii B BRE JB UCG-014 Ruminococcaceae UCG-014 sp.  3.91+5.10% 0.84+2.05# 0.84£1.59#  6.059 0.048
ZEIW/INEREE Subdoligranulum spp. 1.17+0.60 1.30+0.98 0.74+0.83%#  4.727 0.094
H14% B EK & & Ruminococcus_torques_group spp. 0.48+0.54 1.51£1.51 0.65+0.99* 5.322 0.070
R4 IR Anaerostipes spp. 0.50+£0.55 0.99+1.55 0.32+0.44*  4.352 0.113
Jei B BRE B 2 Ruminococcus_2 sp. 0.25+0.29 0.50+0.62 0.62+0.56# 4.087 0.130
AR EE Klebsiella spp. 0.01£0.02*  1.20+3.87# 0.13+0.20#  8.505 0.014
TR TR JE Butyricimonas spp. 0.59+0.32%* 0.36+0.76# 0.36+0.47 5.757 0.056
TRA% IR 25 K 1#i J@ Eggerthella spp. 0.07+0.12 0.09+0.14 0.01£0.03*  7.739 0.021
REBRAT B8 Mucispirillum spp. 0.00£0.00%  0.04:0.04# 0.02+0.02 7.333 0.026
W2IT 5 )8 Helicobacter spp. 0.01£0.01*  0.04+0.05# 0.0120.02 5.438 0.066
IR & Pseudomonas spp. 0.01£0.01*  0.02+0.02# 0.02+0.02 4.241 0.120

e *: 5 AGWG MIILASIH 425 #: 5 LGWG MIHLA S22
Note: *: Statistical difference compared with AGWG; #: Statistical difference compared with AGWG
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spp. 5 4% MR M OB B G G, =—0.376,
P=0.037 ., Alistipes spp.5 T = Hg & i AH %,
r=—0.420, P=0.017. Ruminococcus_torques_group
spp. 5 H il =R R M, —=-0.482, P=0.005.
Parabacteroides spp. 542 1] HDL A% IE A%,
r=0.374, P=0.035; [a] iy 5 £ JLAK E 5 67 AH
*, =—0.397, P=0.020. #RWi Mucispirillum spp.
5 HDL 2756, =-0.401, P=0.023, WK 2.
2.6 KEGG EEEE ST

I R EE N 0 O R R R Y
OTU ¥t bt fbit 5 KEGG $R sk rHbxt, 3k
R ACE RS DI BE T . 7E Level 3 /KF
R 293 SAUBHHEES, SHFMEEAATRY
B 50 MU 22 305 Sk WL IET 3, geit o i
GRS, @ 3T LUK, WiE A
Z 5. (1) Mg, URgEER.

QIR . D-BAMNE . D-BEMR . MR . Ik
THIRER . BifE 2 . BoKIA Y. . H &,
EAER . SOBE . HA PR RR IR . CRILEE . TR .
WERE . AEWE . BERER . WIEERRE . NIRER . H
WMBENE . TRRES . HilEeE . I, ZM. CoA.
i, A BIEEHERER . e KM, wEE
L YR Be. BAEHK. THLE T ke, IR
o MEREAEDIEE . B ORRRER . BERSRE . EOKRE.
SR IR . AR . AT R AR R R R 5
(2) BEES{E S, WISFTERIGIN . B
FEff . BESAE . REEAM . SR Wik, EAR
. BEREEENLEE(E 5 R4 . PPAR 5 5 i [ A
NOD FEZ {5 5% (3) & ik Hh A4 i o3
WRG . RAMGEMAED N EERERES 5%
RS EEFES . o, kR 5 ARk
B, WERE, WS EA SR ESE, BHiE

=
=

T

HEE . WER., RELEAR. FEAR. Wi BUEYRIShEE 32 58 38 Y B an & 4k
M. wHdR. Tl FNEAR. AR, v R, BOKESWRNERSEREREMA S, K,
. e, 258, HEAmR. FEmR. & dEow K eEE Y R AR A B R
-0.376 Lachnospira spp. -0.5
—-0.420 Alistipes spp.
-0.397 0.374 Parabacteroides spp. 0.0
-0.360 —-0.423 Ruminococcaceae UCG-014 sp. ’
Subdoligranulum spp.
—0.482 Ruminococcus_torques_group spp. L (5
Anaerostipes spp.
Ruminococcus_2 sp.
Klebsiella spp.
Butyricimonas spp.
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Figure 2 Correlation analysis of GWG, birth weight, maternal BMI, blood glucose and lipids level in late pregnnacy with

differential gut microbiota
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_ SR TR 24 Metabolism of cofactors and vitamins
N2 R . KA. 7210 Metabolism of alanine, aspartate and glutamate

AR, SEE IR . 5L a4 il Biosynthesis of valine, leucine and isoleucine

NG . AR . (0% i Biosynthesis of phenylalanine, tyrosine, tryptophan

Hag . 2%/ . 752 i1 Metabolism of glycine, serine and threonine

P . 2RI Metabolism of cysteine, methionine

D-7 24t . D-7% 2 i2f i Metabolism of D-glutamine, D-glutamate
%45 iFolate biosynthesis

JRR TR AL Nicotinate and nicotinamide metabolism
Tl Z AL Thiamine metabolism

KAk A1 Carbohydrate metabolism
SUMERNH- #5851 0 Fructose and mannose metabolism

R S Pyruvate metabolism

TG A 25 B R 6 (1 A %% {k Pentose and glucuronate metabolism

FrAERR UG Citrate cycle

R Galactose metabolism

WA/ 574 Glycolysis/Glucone
FEFIRERH I Starch and sucrose metabolism

AEHEfC I Energy metabolism

L kP4 Peroxisome

HWFE AR Biotin metabolism

1 fitH 1A Proteasome

R BENLE S 5 74t Phosphatidylinositol signaling system

JUAE PR T 1 I i 1 L3 Phosphonate and phosphinate metabolism
ARG Propanoate metabolism

Hril R ¢ Glycerophospholipid metabolism

T Mg Butanoate metabolism

NERAR I Lipid metabolism
Z iR MICoAE W4 JK Pantothenate and CoA biosynthesis

i Sulfur metabolism
AL Nitrogen metabolism

SASEZK H R G4 fi% Aminobenzoate degradation
¢4 L Methane metabolism

KR BE A iiPeptidoglycan biosynthesisi

1 5tk i Protein export

PPAR{; 51l } PPAR signaling pathway
NODFEZZ A7 53l ¥ NOD-like receptor signaling pathway
#4310 F 45 Bacterial secretion system

WS 4 )45 1 Terpenoids backbone biosynthesis

4= B6fX i Vitamin B6 metabolism

A3 DEH KL Glutathione metabolism

LI F 1032 4 5 X Inorganic ion transport and metabolism

FOlE . WRME . MHIEA:Paki 4 P4 i Tropane, piperidine and pyridine alkaloid biosynthesis
fififk 4111 Selenocompound metabolism

Nk A4 248 Porphyrin and chlorophyll metabolism

F KA N Zeatin metabolism
SHWERKA: )45 ¥ Isoquinoline alkaloid biosynthesis
AR AN 2F 21X % Taurine and hypotaurine metabolism
2 R K f# Benzoate degradation
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Figure 3 Top 50 differential matabolic signal pathways of fecal samples from different gestational weight gain

x5 TRZHBEABEERESBEB LB

Table 5 Comparative analysis of differential metabolic pathways between groups in different gestational weight gain

A 44 R EpoEEy SiiHE P{H
Metabolic pathway items The relative abundance of co-pathways H value P value
LGWG AGWG HGWG

5 Bl IR 7 Fn 4k A= Z R Metabolism of cofactors and vitamins 17 117 29 946 20991 6.788  0.033

NER . REAR . AERARH 209 018 308405 224227 8.485  0.014

Metabolism of alanine, aspartate and glutamate

AR . SeH@R . RGN 137 640 214638 147821 8.485  0.014

Biosynthesis of valine, leucine and isoleucine

KNER . BEAR . CEARS M 158 056 249454 174 403 8.142  0.017

Biosynthesis of phenylalanine, tyrosine, tryptophan

HAR . 2F1R . A E B Metabolism of glycine, serine and threonine 153 258 235780 168 453 7.351 0.025
(F5%8)
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(BLF 5)

R RR . BRI Metabolism of cysteine, methionine 172 489 271257 193953 7.293  0.026
D-A &% . D-AA RS Metabolism of D-glutamine, D-glutamate 27 288 39 603 29 854 7.293  0.026
I-fiR & BY, Folate biosynthesis 69 472 107 499 77 692 7.789 0.020
HHERTES . MH L Nicotinate and nicotinamide metabolism 79 934 123 838 88870 7.523 0.023
i Z A Thiamine metabolism 93 731 147 736 103 658 8.378  0.015
Ik AEA 1% Carbohydrate metabolism 34739 56 728 37 939 6.798  0.033
HOpE R H #2805 Fructose and mannose metabolism 190 528 287290 213994 6.846  0.033
NEARZ AL Pyruvate metabolism 189 521 293851 210167 8.489  0.014
TN A 2 B I R 196 Y AH EL %% 1k Pentose and glucuronate metabolism 107 396 164562 116 763 8.417  0.015
FAEIRIEIR Citrate cycle 114 907 163 497 124287 8.175  0.017
L2 8L Galactose metabolism 155 412 231758 168 750 8.142  0.017
WA/ 24 Glycolysis/Gluconeogenesis 205 103 324097 225877 7.643  0.022
Ve A EMEC4T Starch and sucrose metabolism 210 642 331416 225581 7.586  0.023
fie /14t Energy metabolism 170 087 247076 185 466 6.472  0.039
iFE YA Peroxisome 34 857 47 409 35160 10.760  0.005
A Z R Biotin metabolism 28 510 44 268 30 634 10.027  0.007
& IR Proteasome 8 499 12 820 9515 7.523  0.023
W e ILEES S 22 48 Phosphatidylinositol signaling system 15 666 23 906 16 388 13.275  0.001
Ji R i YK B PR Fis A8 Phosphonate and phosphinate metabolism 10 123 16 246 11 022 11.769  0.003
NIRERALI Propanoate metabolism 86 280 140437 101 136 7.953  0.019
Hil#ig 1 Glycerophospholipid metabolism 101 411 163 743 114 669 7.591  0.022
T ERAEE{ S Butanoate metabolism 114 575 179 383 127 729 6.956 0.031
Him s AR Glycerolipid metabolism 68 668 109 421 77 860 6.380  0.041
g A4 Lipid metabolism 23 969 42 847 27 791 6.317  0.042
1Z BRI CoA A ¥4 Al Pantothenate and CoA biosynthesis 118 439 181366 130334 7.239  0.027
HiACH Sulfur metabolism 53387 82 129 58 558 8241  0.016
A Nitrogen metabolism 133 575 203384 150 669 7.969  0.019
F IR F RIS f# Aminobenzoate degradation 21214 28 385 22 741 8.142 0.017
A B Methane metabolism 236 107 369 147 258 789 8.057  0.018
KSR MG B Peptidoglycan biosynthesisi 148 838 226 733 165 558 7.867 0.019
2 A i Protein export 111 169 163030 117 730 7.835  0.020
PPAR {5 [ PPAR signaling pathway 21 820 28 783 22313 7398  0.025
NOD F£3Z 4445 5 1 f% NOD-like receptor signaling pathway 8 702 12 319 9566 6.008 0.049
M 431 2 48 Bacterial secretion system 102 738 162449 113471 7.351 0.025
il 5B S 4 M4 i Terpenoids backbone biosynthesis 107 165 153877 115213 7321 0.026
44 % B6 L Vitamin B6 metabolism 38 856 56722 43361 7.164  0.028
23 H AR Glutathione metabolism 31 401 53116 37 841 7.015  0.030
ToHLES 13z 45 1% Inorganic ion transport and metabolism 33179 57 847 40 353 6.991  0.030
Febr . UREE . MLBEA: D08 A 15 B 22 396 32624 23936 6.956  0.031
Tropane, piperidine and pyridine alkaloid biosynthesis

fififk & 15 Selenocompound metabolism 66 725 104961 75206 6.679  0.035
kA -£5% 2 X34 Porphyrin and chlorophyll metabolism 162 288 261 070 187 544 6.537  0.038
F A KAl Zeatin metabolism 10 708 14 445 11 294 6.337  0.042
SRR AE M)A ) Isoquinoline alkaloid biosynthesis 10 258 15311 11 454 6.197  0.045
AT R AR 2 R AX38) Taurine and hypotaurine metabolism 19 973 28 693 21 857 6.165  0.046
7% H iR i P4 fi# Benzoate degradation 36 794 57 364 40 336 6.094 0.048
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Bl A A 15 7 R eAs A BRE IR R R IE
L B NS (e B Y S () R, A L T S 2
S 1 X S R A OGO R LAY E R, R E A
NEJHE 22 T G R AR PR TR R E O A TR RIE . B
RILE B L B R s ) 20078 52 4
NSRBI E SR WY, T8 5 i i
BRI ARCHE AR o A W58 R W] 18 s A s
AT e SR R A A 5P AR g 4 AR v 2
I B B G B Firmicutes . Bacteroidetes .
Proteobacteria Fl Actinobacteria i b KT 99%, X
S AERE 8, R o SRR B SRR
(] OB 21X 33, DiGulio Z&M 2t 24 iy il i b
AT R BRI p 2R 5781k, o 24
PEAUA BRI D G2 A, X PTRE S5 RAF AR Ty
LW DI AR TN A G, BT R R RE T
FIAUFFEE A0 FU(E S BMTSE I G, SRR E A
BErR B ] AUAT IR ] H L g L SR Ak
WF5E 3 TE R 2 B A, X AT RE S R
i v 2 G o 2R A A IR T B CAnE A i
2. ZRAERTEZNEY . FBRIRRE A
AOWLE . TR IR A BUETO)A G, T2 0
TR AN R A R A IR B E .
R, 22 AR s il T B A 2 3 4 A ) 2
H, FERRE R — e R E S A I T
TE TR LA AL 1 200

TEERENT 23 28K F, 5 1R 8 & 22 1A
e, WM E AR EBIE T Nitrospirae .
Deferribacteres f1 Gemmatimonadetes W =F & &
FEAG, E L EROSIE Y Acidobacteria £ &
FERRAR . AR BE 3R EE T PMys RE G|
Acidobacteria . Deferribacteres Fll Gemmatimonadetes
RRARNY . AB g Pl R e s i R 4 B3
X3 FRAEEFEAC, PRIk JLAN A TR FT RE XS AP FREE
AL IR R | IRE A S RO, AT
AR B8 /R R Nitrospirae J& H ORI

TeiitiRL:, BRI ASIREL 5=, Deferribacteres
TR ERIRAR, ERELFT LS
Nitrospirae \EH 0T, X &N Deferribacteres Fll
Nitrospirae 1 [7i) Y5 R S i PR R A s ik O
Deferribacteres BEFIFH Fe®™. Mn*"| B . fl4fREh%%:
Ve F Az Rt e AR pedh, sl
T CD103 W ZIRANM, B3R 0E T 40 M52k,
il e s DR A S BOS ™ . A ESE & B
FUAE AR Z B BUIREYE N Deferribacteres
F1 Proteobacteria /K-, F#AIK Actinobacteria /K-,
M A R AR AL, AR g B &
W Re k&G EANERE/NREEM R, Deferribacteres
F Mucispirillum spp.EFEREN . Gemmatimonadetes
- Acidobacteria i It 4F- R J& BRI — S G5 M 20
W Gemmatimonadetes | IZAEAET HIRFL, HE/K
fp T A AL e R P SR Gemmatimonadetes
' Nitrospirae 5 NAAAKRE B R K WHIE .
Acidobacteria REF FHAN [F) BRI AN R IR 1) o1 S
REIERIE, XPIRBErh R pH (8L BUK, 4
pH T 5.5 WG PEREAR; 1B AREZIE pH fiith
P, KEBANEYFE pH THE™. A%
PLAE = BB R & B BOME D B B R RE
Acidobacteria 5 HF R A SCrh# Ed i 24 40
i Acidobacteria 5 WWABAG BT TR, X 7] BESE
WMENMEEZEBIE pH MK &M A T
Acidobacteria WE1EP,

AMRAER KT E A 14 FhERRE, B
Lachnospira spp.. Alistipes spp.. Parabacteroides
spp.
Subdoligranulum

Ruminococcaceae_ UCG-014  sp.
spp. . Ruminococcus torques
group spp.. Anaerostipes spp.. Ruminococcus 2
sp. « Klebsiella spp. . spp.

Eggerthella spp.. Mucispirillum spp.. Helicobacter

Butyricimonas

spp.Hll Pseudomonas spp.. H:H1, Ruminococcaceae

UCG-014 sp.. Lachnospira spp.. Ruminococcus
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torques_group  spp. Anaerostipes  spp.
Ruminococcus_2 sp.Fll Subdoligranulum spp.J& T &
FEW ], Alistipes spp.. Parabacteroides spp.#ll
Butyricimonas spp.)J& THIFF & 1], Mucispirillum
spp.J& TIERATH ], Eggerthella spp.J& Tl H
I'], Klebsiella spp.#1 Pseudomonas spp.J& T2
W11, Helicobacter spp.J& TRKIGFFHEIT, ZRH
J& LA e JERE T TR ] .

AW 5 3 XF 22 S R 5 4 1 i e i s AR
MM, BB BMI fIZ2 s E S
sp. & M X
Ruminococcaceae UCG-014 sp 7E 14 NHEH 5 E
Then, XSSP —2. Ruminococcaceae
UCG-014 sp.Je—7Ff i DIFEMREF4E 27 A2 T R ER 19
wi BT, T RREAE M EERR N R 0 —Rh, R4
AR A F A RE R OR YA R EE AR DT R AT AN [R] 1Y
ML ae W, Flanm i e gtk YY 43,
PR Fe i = RAZ AR 28 K Y RIS iy BT R e
F i (POMO) ML TGRS I AL IE %, (&R
HEZs, AL X AE R T RE S R A T 1K),
AT R B E M I S Lachnospira spp. i fiAH
X, Lachnospira spp. fE3 H il A F iR,
X 5 AR —% ., Lachnospira spp.BEF= 464
HERR TR BT AR YT, R 1 WO RE R o
PR O, g Y & B Y, T
REATE oy —Fh 25 A B ZE IR 1OMEAR 2500 . ARPTIE
BAHEEEM.

AWM =85S Ruminococcus torques
group spp. & i M & .
Ruminococcus_torques_group spp.#ll Alistipes spp.n]
e R W A BRI T IR, BE R W R i
FFAR2 3255t 4 il Fole 5 220085 2 A g o
LR, P MAS AP A AN AT & L
B 5 Parabacteroides spp. £ 1EAHR, 5
Mucispirillum spp. 2 A1, [FE} Parabacteroides
spp. ST AE LA E EAMKE ., AR LU
Eggerthella spp.fll Parabacteroides spp."5 84 L3k

Ruminococcaceae_ UCG-014

spp. Ml Alistipes

Rl A R 2 A OGP ABFSE b Parabacteroides
spp. 5 1 I 2 B A 15 %5 B BB AR T SR E A OG . =
£ R 2R 1 AR A R T DL AR 2 A s g 36 ) A%
iz, e R AR 1 RDR 0L ) IR S i
e, LA AR R AR, 50 I R R
FHOC, APUAR AT H R VR o IR st 2o i
ffeis, A LENIER KB ELEEY R
2 — o Parabacteroides spp.n] il I ¥ 5 % E g
HE PR EIE T E LR T o Mucispirillum
spp. 55 IV 98 2% . AR 1S S IR T % A & E AH
KPS BT B E I Mucispirillum
spp.#l Oscillibacter W F-& FE SRR & L TENEH:
ANHEF Mucispirillum spp. /5 b T s, TEHGEAE
b SR, X S5ARISE 3. Subdoligranulum
spp. 1 Anaerostipes spp.J6)JBIEBER ], B0
BliiE R ok &8, N AR R EE RE DR

11T 2 i 7 T 3 5 A\ X e N g e LA
SRR, AR b B b R iR BR B IR R RE 1
g7 DRI R B E R, a2 98 E AN G 5 i
8, AWFFEH Subdoligranulum spp.fll Anaerostipes
spp. FIEFEIS H IE W A b i &, TE3G EAS 2 RN
&l B AR A BT R B . Kim % PO % B
Subdoligranulum spp. S5FERK . {KF . BMI AIEA]
Ko ARIMTE Ja ZPUEFSEH, Subdoligranulum
spp. 5 BMI A A S, T HA I 0y ik
EReREmIE T Subdoligranulum spp. ) 7KF

Vazquez-Moreno Z:P W53 & B Anaerostipes spp.1
FEXFERE S 2 T PR g JRURS: 35 3 R I A O

Rodriguez R BMI FEACHE N T B 52 & [T
(Akkermansia) 1] BREKEA (Butyricicoccus) ) & 8, [&
KT Anaerostipes spp.[J7K¥. Ruminococcus 2 sp.
J& TIERER ) B R R, At s A
WA, RMILAEY) 2R vk Al ag 5 R
s Wy RPN TE] PR e S e v vE H I AN B 1S
Ruminococcus 2 sp. &0, HHARMLH K 5 A
BMI [CHRA Tl Butyricimonas spp.J&
THMET], eI S Him —Hs B ke
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FRAEM, X5UEMEP—% . Butyricimonas
spp. AL BRK AL G AL T IR AR TR, AT
PR AN 5 A A B AE TR Helicobacter
spp.JB& T KIGFFEIT], AWF5EH Helicobacter spp.
52810 BMI FIZ2 G B A SC 3 LAAEAT
R KB Helicobacter spp X221 T Mg A= JLH A
REHAMEZEN, XEES CagA BHPERMES
() TR ARAEA G, DTG | G % O FA 24 A PIX
-8 Klebsiella spp.Fl Pseudomonas spp. |7l J& 25
BT AEORE, e 5l = ERBOE A G
P R R T BB BRI B K

KT 1Y H AR 22 10 W 38 B RE R & 4R o B i Ay
i, AT KEGG &£ A, At
AN JE B B A A2 101 i T TR AE T R T oK Ak
G, AR, %R, BEr R, DU S
e ResmET . EDRA R 508 A A M RE 5/
A MR A W e A A AR I b 0 2 R . U 2RI
S L R RO AT RE S S g 1B A RS, B
6 figy T TR = B DD BEAR T R AR R . RIS
[FRIEAT ML RE T, REREH 4RI S RE T T
R, 20 7E SR I A A S I, i R 4
AR KO, — 15 52040 BMI A 3¢ (94
W5 R B, NEREZE AR AR A 0 A5 ) i3 i
AN Z, (PG [ N IR ZGE B AT 22 10 BMIT 4]
T AT B2 P Ge 2 BT SR T 2 40 448 T A
R AR B A A R — 20 4T

Zilb, AR AMESEIF S22 E . 4
I BMI FIBE IR A 7K P AEAE— R RAR DG, JRsk
AR — 2 38 2o AR A D R RS ARSI 06 T F 22 S A R
X I LA AR, A A A RD AT 23 TR 1 4 4
S RN I B 7K L R A IS R AT PR P A
WK
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