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Combined application of intestinal microbial genomics and
metabolomics analysis: a review
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Abstract: With the growing concern about the role of intestinal microbes in human health and disease, the
metabolism of intestinal microorganisms has become one of the research hotspots in recent years. Previous
studies have shown that applying intestinal microbiome and metabolomics may have important value in
the host physiology, disease pathology, and pharmaceutical pharmacology. This paper reviews the research
progress on the combined application of intestinal microbial genomics and metabolomics analysis.
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(Colorectal Cancer, CRC). ¥tk £iF G 1y ¥4l
#E /X (Antibiotic-Induced Microbiome Depletion ,
AIMD)* 4

Chu SR IR FE A B S Mg 4y 1A= 133 1 PR
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251 16S rRNA JE Ky 45 5 B 7R S M &)y A= v
PEJIRBELE I RS AT T R0 7L R T 1 B, (]I R AT
ER B R B 0B 2R W I P KT W T )
BATWAER], M B WA Py 45 vl RE 2 ZX i 4 i
15 F BN Z — A WE PR IR BAT B Wl e |
ZIIRESFUL AL, T BB & PRI IR e iE b
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HEVE DI RERHIE B B 0 25 T, @ FL AN TR
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ZRENE S PR LIAR T HEA T R . Liu 200
IEH A5 R E /N LG 2 A A T
16S rRNA FEF A TINF 5, BFFE AR RIS U
AT /N RAR N B RZ OB E I RE T 25X — 4%
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MF, AR 3 72 5 R 21 2 1y — R
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Figure 1 Experimental flow of integrated metabolome and microbial genomics
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Generalized CCA, RGCCA)XFiigi] ™ LiFN CCA
(Sparse Regularized Generalized CCA, SRGCCA)ix
2RI, BETAHAIAY PCA, PLS, CCA
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Table 1 The applicability and limitations of the multivariate method for the association of intestinal microorganisms

AR T I JRIFRTE AHSRICHR
Multivariate Application Limitation References
analysis method

fhdee/N RGBT B R B A Z B P 2R SRR TE ORI B AR BCA 2R R AR BV [2]

Partial least
squares, PLS

2 DB A R 2 8] A DR 1R

The association between two data matrices is
identified by maximizing the covariance
between data sets

RGBT Z JuBR G HE R i R AE SR U

Canonical A feature extraction method based on

correlation multivariate restrictive ranking

analysis, CCA

DAY A A 5 B A R [ D030 5 P 79 26 78 22 [R] Y

Coinertia KZE

analysis, CIA determines the relationship between two

CIA sets of variables with the same test subject
object

o FR4H — PRI /N R Ak T HR

Procrustes A powerful least squares method simplifies

analysis, omics comparison

PA A RE S AT AL B A Z (A1 DG R B D 72

TH

PA maybe a complementary tool for
visualizing existing relationships between
data sets

%

Irrelevant information to the response vector is extracted

into components with large variance and small correlation
coefficients

Hs4E rp AR RO M ST 19 AU Ry 25 k40 [18]
Variables in the dataset are linearly independent and the
covariance in the data is unknown

i O VAN RS e

The number of samples is not less than the number of

variables

TR 22 2 AR SRR S I 4 R A T IR [19]
CIA cannot cluster the results of multi-omics data

association analysis

HBEHAF R0 3 2 S U FFE (L,

Only a few feature values with significant differences

can be obtained

ok e R A 2 5

CIA unable to explain overall difference in data

T SHA 5 (L% PLS. CAA il CIA)ZS & [20]

PA need to be combined with other methods (PLS, CCA
and CIA)

G X 2 AR T 2 B8 gL
Ii) B33 (G A2 B 1) b3 e R AR |- %k 405 7
fiE B 22 e EdR ), I HLZ A SR Bl B fig
A A PRAR R R A R R IS, KRR AR
W22 5 — Ry J 2 (4 DNA-Seq. RNA-Seq
SVEAIAE B, RSB B i B 2 g R R
TR M SR —Fh BT R me

AN, i A 2 2 BR b
Ab B 22 Rl RCHE A, B A AR RS A i
(Joint and Individual Variation Explained, JIVE)??,
TR COM SCA (DISCO-SCA) P nf Lk £ 41
R LA LB R A TR . BN JIVE 2
PCA m¥ &, worth ZR 5B ik & 484k,

R4t I BB A R SR 2 AT A RRAE , R
RS R GE A By ] AL S 3R TR ;. 5
CCAFIPLS J5iEHMIH, JIVE A 44402 B L
#2215 4N  ANOVA-PCA & PCA 5 —A44
&, BERIZZEIE LR ZHIrE:,

E 2T IFZA 0T 6 48 B B I ¢
B 2 AR R, XA ZHr TR B R BRI
K HATRAERTTE 2 MEmEEP L gL T
T 9% 22 B Al e /)N 3 ¥ (Sparse Mult-Block Partial
Least Squares, SMBPLS) A7 [A]—ZHREA_F ]
Tt AN [RS8 56 DR 21 55 v ) 2 R R A . 1%
TETESHT LA b 2 AR EIE T R AR
2, AN AT RA 2 MRS A REIIbEE R .
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158 M ik B R B & . 3 BT iR 25 4
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2, I LRI oA $ - AR LA F 56 B Y B
(S EIP S - S iR 2R SN E = PN )
AT 24T Firtde s
22 WMRBEMEYHREEEIERMSERN
EiE

THIABS A A A B 2 A
SRR 1K AT el 510 QS G R RV ) 1B
% B DR 4 2 AR T 0 o X R o el R R R
RREY R B A R 2B, IR 25T
FE A TR S RE VR RE 5 A 4L B Rl R P )
B, 4 DR 1) e et bk 1 3k R 2 KSR
2 R A, A R AT LA T R A L R 4
BRI % A AR ., Tk Fha A 5 HL A= )
g 8
221 ETFARFIETHENEBEREEZTRX
FERAK 151 RO T AR B

FED LK F- B AR T (GEMs) 2 5L T A= W ik
(L ARG B, $RAESE R 5 R R H2
S 2P R 2 B 4 A E] GEMs 7T LI Bl
RE SCHUI 5] 40— A4~ 5 PR al ik BT 7= 9 4 fe] 52
— AN T K A R 2 i D REROL GEM B
Bl T 0 5% B 3 2 W i A0, (R T 4R A
HER 29 AN REYT R EI LS £ i 1 A Y
IRESACH R4, AL 45 B A LE T LR R b i B
HAEAR N GER | AR b E @ R
T LAl — e A A R BOHE JE (U KEGGRY |
ModelSEED . BiGGR g, MetaCycl¥), #5 A4k

DIERFRE, Frlh GEM (R IR LA 5 AR X 2%
H B AE,  BIA  2% v i S0 2 8] B A X6
M, T A AR ST R, as Ak
HHE BRI T A A 56 R B, AN, Ry oE AT
GEM, AW LIEICHE s . Ju H g 2@l
o 1 AU 2 2 1 B3 2 i B R 2 KCE AR
SR (GEMS) |, T 1 3= - T A0 RH B AR %
HAE AR 0EF (e 520 ™, 75 k%
UM WA AT B, GEM L - i 43
Fr(Flux Balance Analysis, FBA)PSI Bl FI/E g
VR AR DR - S ) R A W -1 E AR B AR
BT H., BT FBA 4N, HAETWEZLI AT
JUFIETF GEM MYTTSTHESE, #ilt COMETR™,
CASINO®  MCMP8F1 SteadyComl®!,
222 ETHEXAHEHRTNAKEEE A E
AH 6 AR 15 5 B & 11 (Predicted  Relative
Metabolic Turnover, PRMT) 2l i & FHAE Y 4H
I 2Z [A1 I R ALHI A IE L T (KEGG 54040
tR AR A2 T R SOV R ), SN A ) &
PO s M, R AR A R AR v
(Community-Wide Metabolic Potential , CMP) 43
B, XS BUCER A E AR A o X7 A 5O FE R
AN A X e ) HAR BRI 52 B MIMOSA
BEVPEAL S H i E— BB AE AR P K 19 2% B R 21
B T A B A AR T 2 BE Y vk, (BHR
1 507 P 5080 25 4 RS TR0 A R B UE U ALY, T
DR IR Z 00 AR & B B o S A AR 7
PRI S T A — e v DU A XN R BR
MemonPan A\ TR 47 i 71 I AR 38 21 i) 3 53 A
2, TR E R A A R B A, TR
() AT R A 5 v 30 0 98 A 1 G vk 5 e AR
PP i H, Mimosa HAEARATH B A AR
A1, MemonPan T G v A T £ K 2 B0t
Y. MemonPan 534 KM T4 & A FR . FRE
WIBA 0 50 260 . B AR ) 5L Tk it i e iy
BAE, DR RA LSRR, FoiZ T HM
T H B m AL = >, B R M AERRAE AL B A=
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WIS AE S S BT fHJE, MelonnPan K $%
T A 55 ) 38 im0 A (5 2 T A 0y T A
J), Himad A S 4 A TE Y SV RIE SR Al 11
BN AR BETE YO R N A X 2B, T EL
T3 A LR RE vE A 5 PREE IO, DR L REAE
Ry —FB i Az B T 2Ry e 2 B S 56 TR A AT B AR
W
2.2.3 ETEAEIERY DI H B 48 7 n = 5
3T B A B PR U 3y 2% (Bayesian
Network, BN)FH &R MR W 4REAL, %
SE R UL I 55 4 5T I 20 R 5k - AR % o 4 T
McGeachie 25 1*2#% 4 W0 )L 248 ) 16S rRNA KL Kl
P52 R R R EE, T — AR U R
VIR Z B EE XL RANIEMEYET RS
RERY 2R AR B o I B A AT s 2 A T
A W A B 58 R 2R AR Ak B AT BB
224 KRIBANEIREI(ABMS)

ABMs J&IE TR AT AT gl R o Sk
TR (1BMS), Z5& 188 . dE LR
SR RPN nE R G ALY ; ABMs L
FTF AL 18 A W 2 ) AR ECAE T, T 5 0
T IS R G T RUR AL TR Qe R e
PRI 45 SR Th e v i ZE IS ABM LA B T
WFE 2 A 41 SUFE b BRAN R R85 25 A8 Ak b i) i 2
YEH . BHF5ERI FBA Al ABM HHZES Y R
WRTH 7 DR S B E A YRS Y
PSR B Z B AR EAE A, K AR WA B dnis
o), BETERZEEA A, AL IR YRR T 4
2 ) 2 A E AR R R4 ok, ABM HBER
TERAFEARM AT O Bt AR 9 01, it RE
FrARMERA 52 m ABM i th 25 1R 24, I,
ABM R G A=A A3 RGN Bl T2 [n) AT
FEFERR

3 RE

HOR B TSR], I8 AR Y B 2 R
T RE L 5 B RS M ZG 1) T B2 Tl A AR AR

A BIFGE e B R B 4y HORS BB S TR 50 R — VA g 1
TR 5 IR 2 1) W AT LA g 1 785 S 4 95 A O 40 i
RAEEARE, T 4 AR YA RE X RSN B A
FEEPE AT PE IO R A DR AR, R4
2 U PT e RV 0 A LR R0 5 IE
W B T AR 0 SUB T B Y, AR R
K DA G e &)y A A 0 UG 3 5 i T TR AR R
PR RS /0N SR T A 25 0 o B X FEHL A A T R
Ko AR A BB S5 ] 08 S 4648 5
11 H R 456 W 38 A 1 S TR 4 2 5 A A 22 40 i
WK G I P A B 3 e 24540 T 5 i i 2 DR A Y
PRI IR S B AL AT 1 L

ML) 5 A vh 4y B A B BB IR S T
i A — o W DR, (HAEY R 22 5%, @it
e R 44 T 4 L RS P L LA 5 400 it S SR 1)
B R A S R BB R A A s
% AR & LA IR Cecropin X s 2% [ FH
TR R =2 B R s A TR AR S8 R o g A o
Pk, T HBCREAE LS AT RE Sl it 455 DNA FHET
i/ DNA &2 il s i Qi pe A 560
A DR A A AR 125 4R 1 2 AL 4 g 4
PRE PRSP, T ELRE R 35 A B R B v T 4
EORRERE P AL S ST 3 I 5 M B Ik
Cecropin (MDC)j&—Fh T BUVEFE MBI . PLR A
WL NRESTA K, EWEH T AMP MDC i i i
5 T8 TR R o 45 i G R A% s 168
rRNA JEEMFE5 KLY, MDC X i A R A
BT E R, Spearman ¥ 41 AH & A B 5
Mantel il izl ] MDC f 177 18 T FHF 428 S 2858 2 1
PSR R AR ST S v R R
55 ZFh R i A AV O¢, X AT REXT LA
FERF RS 0 1B TR ZE AL . AT S A48 Ak
PR TR E TR

RIS, DR & 3 2 AR 2R X/
S A — 0 RAEETTEA, Al s s
i T A B RRE B A D). S T — 4 T A8 H
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il 1BS-D B FHAIL ] B0y ST il FeAT TR
LR 25 5 Tl A i DR 2 2 R QI 2 2 3 BT BB A5
MR, FBHME 1BS-D pyfEAIbLH . &
M, AN FE53 BT BT A = AR e AL Y 5 25 0 fit
T M T ol A 0 A A R A R R AR S B A 45 2R
R T ABEN: . T HLAA B i S A i B
A= 0 S e, e A R AR W R TR 2 7 %
Yt B P A% S8 Ml o i A H AR Sk e BRI
{19 7 3240 TR A [ 58 26 01 S s AR A2 A
PR Z IA] I 28 o Bk R ZH /K P 1) AL B (GEMEs)
AR A WA L Tl A R, R
RETRUBIZE AL A AR Y, I PG G T 24 W A0 T e
TR RCR , T8 A 0 A P15 S i i
BB R SLIRER, A TP HoR =S
FUFRAE TR k.
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