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Abstract: In order to explore the adaptation mechanism of Asian longhorn beetle Anoplophora gla-
bripennis to traditional resistant Fraxinus spp., metabonomic technology was used to analyze secondary
metabolites in the xylem of different Fraxinus varieties, and 16S rRNA sequencing technology was
used to detect 4. glabripennis intestinal bacterial community after fed with above-mentioned plants, and

the Pearson method was used to analyze the correlation between plant differential metabolites and insect
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intestinal bacteria. The results showed that a total of 27 different metabolites were screened out from the
xylem of F. pennsylvanica and F. chinensis, among which flavonoid glycosides, biflavonoids and poly-
flavonoids, simple phenols, coumarins and derivatives, and lignan glycosides were abundant in F. chi-
nensis, while 2-arylbenzofuran flavonoids, aporphines, ergoline and derivatives and organonitrogen
compounds were abundant in F. pennsylvanica. After feeding the two host plants, there were significant
differences in intestinal bacterial community of A. glabripennis. After feeding F. pennsylvanica and F.
chinensis, it was found that the dominant phyla of intestinal bacteria were Proteobacteria and Firmicutes
at phylum level, respectively. At genus level, Raoultella (55.79%) and Lactococcus (57.52%) were the
most dominant bacteria, respectively. Twenty-one different bacterial genera were screened out, of which
13 had significantly higher relative abundance in F. chinensis. Correlation analysis results showed that,
although flavonoids, simple phenols, coumarin and its derivatives, and lignin glycosides were more
abundant in F. chinensis, there were dominant bacteria in intestines of A. glabripennis involved in me-
tabolism of these substances, including Enterococcus and Raoultella that could metabolize flavonoids
and lignin glycosides. In addition, some specific bacteria emerged or some common bacteria increased
after feeding F. chinensis, including Lactobacillus and Actinomycetes that could metabolize flavonoids,
Lactococcus that could metabolizes simple phenols, Sphingobacterium that could metabolize coumarin
and derivatives, and Actinomycetes and Enterococcus that could metabolize lignin glycosides. Alkaloids
in F. chinensis were less abundant, and there were no more special bacteria to degrade them in intestines
after feeding F. chinensis. The results indicated that more specific and diversified bacterial community
were found in intestines of A. glabripennis after feeding F. chinensis, which were beneficial for rapid
metabolization of related secondary substances and completing its life cycle on F. chinensis.

Key words: Anoplophora glabripennis; metabonomics; intestinal microbial; 16S rRNA; Fraxinus penn-

sylvanica; Fraxinus chinensis
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PREA I PCA TE B ARG 0 R 5 C~D: PE AT P [ A THREAS PCA I 1S

TGS s E~F o 7 LRI [ (B OK JT SRR AR OPLS-DA IE | ft 8 FHEa0A3 43 18] G~H: ¥ (BRI v [0 i A TR A
OPLS-DA #5I {)1F | 1 2 F45E L HES A E . A-B: PCA positive ion mode scores and negative ion mode scores for the samples

from Fraxinus pennsylvanica, F. chinensis xylem and quality control; C-D: PCA positive ion mode scores and negative ion mode

scores for xylem samples from F. pennsylvanica and F. chinensis; E-F: OPLS-DA positive ion mode scores and negative ion mode

scores for xylem samples from F. pennsylvanica and F. chinensis; G—H: positive ion pattern arrangement test diagram and negative

ion pattern arrangement test diagram of OPLS-DA model for xylem samples from F. pennsylvanica and F. chinensis.

B REREMETRURFEESDEBEARIIERS 2 (PCA)FIEZ FHi/ZFH 515 # (OPLS-DA)
Fig. 1 Systematic stability investigation, PCA and OPLS-DA analysis of xylem between Fraxinus pennsylvanica and F. chinensis
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GRS EY AR, LAY AE v S
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ARITIRMG S IR A LRI S Y TENHESS A R
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(AR X 5 R T I 1 5 LA o R R 1
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R1FAENFEREFRAMEIRET DD EEITER

Table 1 Classification of metabolites related to insect resistance in Fraxinus pennsylvanica and F. chinensis

PR RITVIP FEREF/rb E P AR S L

e No. of Accumulated Relative content ratio of
Category . . . .
species VIP F. pennsylvanicalF. chinensis
LIPS 2-F5 HIRI K IR #E 2-arylbenzofuran flavonoid 1 1.240 3.100
Flavonoids # i Flavonoid glycoside 13 18.104 0.802
WU il K 22 #5 i Phenylpropanoid and polyketide 3 10.250 0.417
Wil % Flavone 5 7.352 0.545
HrEE i Neoflavonoid 1 2.132 0.126
S+ # Isoflavonoid 4 5.594 0.208
WS (BREEHISS) RS Simple phenols 8 12.248 0.562
Phenols (except AAERR S AT 2E ) Cinnamic acid and derivatives 4 5.889 0.796
flavonoids) T 5.2 M HATAY) Coumarin and derivatives 12 33.460 0.583
575 3% MHATEY) Isocoumarin and derivatives 1 1.019 0.286
AFTZEH Lignan glycoside 7 14.795 0.459
HHLEALAEY) Organonitrogen compound 1 2.880 3.771
(L] {5205 Sesquiterpenoid 3 4.420 0.050
Terpenoids 1 Diterpenoid 3 4.200 0.390
=1 Triterpenoid 4 7.800 0.185
Ay BT FRE2E Aporphines 1 2.645 10.963
Alkaloid F A R K HAT W) Ergoline and derivatives 1 1.396 3.380
Aquifoliunine E-IIT 1 1.467 0.518
MHE Morphinan 2 2.653 0.033
R IFIENE 4= ¥)hs Benzophenanthridine alkaloid 1 1.172 0.529
HHLZMEEY ke R H AT A=) Pyridine and derivatives 1 2.044 0.060
Organoheterocyclic 443 L&) Azacyclic compound 1 2.123 0.006
compound BRZEWATHEY Azaspirodecane derivatives 2 3.022 0.195
WEE N HAT A4 Pteridine and derivatives 1 1.021 0.027
SRk K HAT A2 ¥ Isoquinoline and derivatives 1 1.280 0.022
ZT5 Ak A Heteroaromatic compound 3 4.648 0.379
W5 K HAT A2 ) Indole and derivatives 3 9.772 0.614

VIP F7R W) BT E 20 1] 22 57 1 BT, VIP(E R, SRR STRR#88K . VIP indicates the contribution rate of the substance to
the difference between groups. The higher the VIP value, the higher the contribution rate.
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1548 551 45139 649 A RUT 4 , 1 88 220 4%, %
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Table 2 Species taxonomic statistics of OTU of intestinal bacteria in the 3rd-instar larvae of Anoplophora glabripennis

A ] i H Ft & il gl
Sample name Phylum Class Order Family Genus Species Sequence
TEAME E pennsylvanica 4 5 11 17 22 24 48 551
HE W F chinensis 6 7 19 25 31 31 39 649

HRAE OTU AT AE AL, 6 B AN [R] 1 5 7'
JA B KA Wi e b G FREA 1 OTU #4753 #r
KT A 284~ OTU, A [ (1 i v A 33 4>
OTU, 2 4IFEA LA (1 OTU Hdt Ay 174, % 241
FEARTEYIRN K A —E AR, DL
FIE S B gl JUBIE N &4 11 MR OTU, TEJR /K
X HAEA AT, R OTU 43518 T R sl |
Acinetobacter J5 R F¥T 1 J& Brachybacterium .21 ER
J& Rhodococcus W IRFT T J& Corynebacterium 4T 4k
Y )& Cellulomonas 3R ZLKT 18 J& Altererythro-
bacter .55 /R[S H J& Ralstonia 4y AR AT W & Gluta-
micibacter 1 Aureimonas. VL [E FH 58 B 0940 H
7 N A 16 454 OTU, 7@ /K X Hek 414y

M, 44 OTU 435 )& T 5K W )& Devosia .Norank
chloroplast, Nakamurella . Propionicicella . 3L ¥T 15 J&
Lactobacillus . ¥ ¥k & J& Lactococcus . Unclassified
Micrococcales . Gibbsiella . Unclassified bacteria ., Flu-
viicola ¥ 15 "R A0 1 J& Luteimonas . W FT & J& Bifi-
dobacterium Kaistia FIZE & Actinomyces .
2.2.2  WhiE ik B LR AT

Y8 OTU RS IR, 0 BIAE ] B KT B X
JA& B R A B 1B A W R T AL S S A T o BT L TR
IR b AR TR TR RS T 1 4 v i A )
FEE B PR T, A R R 99.14% , JERETR ]
Sk B v ] 0 40 R T A W R TR A A
1T AEXT F2 R 62.02% (K 3)

R3 MR2MFEEABERFHENREI1KFE LR FEN FEE

Table 3 Relative abundances of intestinal bacteria in Anoplophora glabripennis at phylum level after feeding two host plants

eI TEVE S A AR TEH I A AR X
Phylum Relative abundance in F. pennsylvanica/% Relative abundance in F. chinensis/%

AL TR ] Proteobacteria 99.14 37.63

JEEETA ] Firmicutes 0.74 62.02

JERTH ] Actinobacteria 0.12 0.27

W] Cyanobacteria <0.01 <0.01

KT T ] Bacteroidetes 0.01 0.07

T 5E M Unclassified bacteria 0.00 0.01

TEJE 7KV RV I 0 4 B 28 A W R
&P E ML IR & Raoultella JHFT R
fifi £ J& Unclassified Enterobacteriaceae. I #T [# J&
Enterobacter F I R # J& Enterococcus , FI X 3 43
5K 55.79% .27.09% . 16.10% #11 0.74% ; BUE 7 [E
W 1y 4l g 3 A DR TR LA R B S SRR
$r LR & K E AT R 2 8 AT R
J& , MR 2 230N 57.52% . 35.60% ,4.48% .0.93%
F10.64%. 2 HFE G h A RS E I HL SR
J& SO R 8 AT R AR . AR

= B HET 3 057 1 TR R AR VR A Y 4 Rl
YIEdE i o TR T E L 4 B
AT T B s I K AR B Y
o G E RS T S RO . A e E
P15 0 4 H g T B R b B DA R F LR TR i oA
TEHCE T S () 407 U708 AN 3 (3R 4) .
223 EFHEIHLLER

J T 2 MR T U S e [ I RO IE
LR A T 18 A AR AR O, A8 R O R g A T
AR A 2 & T 0.01% 114 38 AN i kA 5 2
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S B e R B 21 2 R (K12) . Hih B 9 s A ORI L B0 40 U B R YA v
I3 AR R v R S RO R B RSl P ROARR R R e TR R 4l R
A MU RET PR R B 3 i TR L B4

x4 BT EIRABERGFHEARERKE LHYMEXEE

Table 4 Relative abundances of intestinal bacteria in Anoplophora glabripennis at genus level after feeding two host plants

FEFE ST e E Y FEFE ST eIy
J— HIXPRRE AR JR— HIRREE IR
Genus Relatlve. Relative . Genus Relatlv§ Relative _
abundance in /. abundance in abundance in /. abundance in
pennsylvanica/% F. chinensis/% pennsylvanica/% F. chinensis/%
P15 R & Raoultella 55.79 35.60 WU T 1 & Bifidobacterium 0.00 0.04
H IR E Lactococcus 0.00 57.52 WS AT T4 & Sphingobacterium <0.01 0.06
WER & Enterococcus 0.74 4.48 FUFF & Lactobacillus 0.00 0.02
WA & Enterobacter 16.10 0.64 KA THEE Tubrizicola <0.01 0.04
W R T R 27.09 093 | PERERIRTHE 0.00 0.04
Unclassified Enterobacteriaceae Unclassified Micrococcales
Gibbsiella 0.00 0.27 15 FAFFEJE Ochrobactrum <0.01 0.03
BRI 8 Pseudomonas 0.04 <0.01 B P T B Luteimonas 0.00 0.02
W # & Actinomyces 0.00 0.06 F IEBRIE 18 Methylopila 0.02 <0.01
B AR Glutamicibacter 0.03 0.00 FLWRAT IR & Brachybacterium 0.02 0.00
KB RHE Gordonia 0.02 <0.01 57 /RCHH & Ralstonia 0.02 0.00
RNEFHE B Acinetobacter 0.02 <0.01 W& (0 FRAT 18 )& Xenophilus <0.01 0.02
A5 |8 Microbacterium <0.01 0.07 HiAth other 0.03 0.03

W A Fraxinus pennsylvanica [ " E @AW Fraxinus chinensi  95%B45 X [8] 95% confidence interval
NERER Raoultella | ] ) ok

HLERE B Lactococcus
TR R R |

Unclassified Enterobacteriaceae

BT 8 Enterobacter
FGERE & Enterococcus |
Gibbsiella

WA B Microbacterium
WEBETEE Sphingobacterium
B R Actinomyces |
BEHER Pseudomonas |

RABLAFER Tabrizicola
WERBERRAER |

Unclassified Micrococcales

XA o R Biﬁdobacterium
BERITHER Glutamicibacter
BEFFE B Ochrobactrum
BEERER Luteimonas
FEEERITE R Xenophilus |
AFHTEIR Acinetobacter |
LR Lactobacillus
TEB Brachybacterium

5 /R KB B Ralstonia

] ®

. sekk

 J
*
*
*

]]l

leoececoceeocccso00e® -

r T T T T T T T 1
0 5 10 15 20 25 30 35 40 45 50 55 60 -60 -50 -40 -30 20 -10 O 10 20 30
FAXFEE Relative abundance/% FAXTE B Z4H Difference between relative abundance/%

*:0.01<P< 0.05; **: 0.001<P<0.01; ***: P<0.001.
B2 BAF LB 2MEEELBERFHEREMNERER

Fig. 2 Different intestinal microflora in Anoplophora glabripennis at genus level after feeding two host plants
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DAVE I8 A B HGIE B R A4l Ul i e s
TR E A IR S RAT 1@ AN 55 R IR 5 388
DA A B G E BR A 4 U AR S
RN e A SR E AT R E
[T ARSI R Pseudomonas FIASSlIFT B &

Dhrb [ R B RO B R A4 U A
S B N FLERHE | Gibbsiella £ & U AT R
J& FUAF R R R BB R 6 22 J& Unclassified Mi-
crococcales FlBE & FRL I TR & s B LAVE A DGR
BER Aoy H T (A AR T = B S S A I ) TR R
BRI & U 5 8 Microbacterium | ¥ 2 B AT T &
Sphingobacterium KA R AFHE Tabrizicola A5 1
¥R & Ochrobactrum FWg GIRFT 17 )& Xenophilus .
23 BARERKGFMEFEMAENEXES R

AHAE BT 45 SRR I, B e s e 5
R R R ERIE 1 & Methylopila S 1F MG s £
] 10 5P R R 0 IEAH DG (P<0.05) , 5
FLERTH & 2 2 5 E (P<0.05) , S IAEREHE itk
B EIEAIDC, BUEHR 5 22 S A7 i 5 sk

BB S B IR AR E (P<0.01) 5 76 [ (i rp 547
UK E A ER B JE A # 8 2R G, 2-95 3
DRI R 218 B TR 3 1 0 b 55 T O 2 0 Uk
K(P<0.05), S5 /R I JE S IEAH G ZE P [ g rh
SRR R IEAHDC . R B A A h S
IR B 8 5 3 IE AR (P<0.05) 5 78 [ (i i 53,
BRI R BB IEAE(P<0.01) . &2 L HATE
PIAE T P e 5 R 2 A DA A DG SRR £E T I
e G AT R R R A DG . AR R TR
W 5 iR ER TR BRI 3 8 R 97 /R [ TR 2 1A
5 7 P P SR R B RN A R R
IEMI(P<0.05) , 52k i J8 S IE AR G . A=t A
MR 0 b 5 {1 P R S A A DG s e T
Uiy v 5 P A TR A DGR R IR . 22 RO HATT A
TE T A 5 AT 3 R RO shAT 8 S IE ARG s 78
H ] P R S LR R R ARG . A HLEL A Y
A R S R B R AN R IEAH DG (P<0.01), 5
JAER TR FIAS SIAT R 2 lEAR DG FE b [ s b S
R R K Rk B S E A (K 5~6) .

RS FEERXEREFMERIELBEXR S HEAFNBEX R

Table 5 Correlation coefficients between Fraxinus pennsylvanica secondary metabolites and Anoplophora glabripennis

intestinal bacteria after fed with F. pennsylvanica

M2 (BREARS )

SIFE Flavonoids Phenols (except flavonoids) H: Wy Alkaloid AHLA
it A WU 205 HERTE ey, LRI B SRy Y
Intestinal bacteria  #EF o2 WKREE e ARV OABERW oo gy Oreanont-
Phenylpro-  2-arylben- . Coumarin  Lignan . . trogen
Flavone ; Simple . . Aporphines Ergoline and
panoid and zofuran henol and glycoside o compound
polyketide  flavonoid P""®® derivatives derivatives
EVAEYINT ) 0.13 0.56 0.65 0.84° -0.10 0.20 -0.10 -0.30 0.94"
Raoultella
W ER R SR 0.42 -0.08 0.28 0.31 0.44 -0.30 0.30 0.26 0.37
Unclassified
Enterobacteriaceae
L AR -0.05 -0.33 -0.89" -0.60 0.41 0.01 -0.50 0.67 -0.40
Enterobacter
S Bk e 0.61 0.96" 0.17 0.47 -0.10 0.68 -0.10 -0.40 0.75
Enterococcus
BN F S -0.10 -0.56 0.43 -0.10 0.15 -0.30 0.75 -0.40 -0.30
Pseudomonas
NETBH # s 0.51 0.67 0.48 0.34 0.10 0.47 0.36 -0.80 0.45
Glutamicibacter
LB KW )E Gordonia  0.05 0.58 -0.50 0.01 0.02 0.44 -0.20 0.29 0.31
AN E 0.57 0.49 -0.10 0.45 0.11 -0.10 -0.60 0.62 0.62
Acinetobacter
HEERIE s 0.70 0.39 -0.70 -0.30 0.09 0.65 -0.10 0.09 0.05
Methylopila
IR R R 0.71 0.16 -0.60 -0.40 0.23 0.46 0.09 0.20 0.01
Brachybacterium
2R R H @ Ralstonia  0.68 0.31 -0.70 -0.40 0.11 0.65 -0.70 -0.01 0.09

#Hx 43| TR 48 Pearson A ICPE MK B 7E P<0.05 A1 P<0.01 7K UM ) 235 AH 5 . * or ** indicates significant corre-
lation at P<0.05 or P<0.01 level (bilateral) by Pearson correlation analysis.
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Table 6 Correlation coefficients between Fraxinus chinensis secondary metabolites and Anoplophora glabripennis
intestinal bacteria after fed with F. chinensis
s . B (BREEZE) .
S Flavonoids Phenff]s?(ixlip . ﬂa?;)noi ds) AW Alkaloid L
[— W 2 URKL ERARI AR
Intestinal bacteria I YEZ R TR 2H 5 il ik ’T/TEE% j‘ﬁﬁ%ﬁ [SENES ’T{TEE% Organoni-
Flavone Phenylpro- 2-arylben- Simple Coumarin ngnap Aporphines Ergoline trogen
panoid a.nd zofuraq henol .and. glycoside .and. compound
polyketide flavonoid ~ P"""  derivatives derivatives

EDACY e 0.86 0.75 0.27 -0.80 0.43 0.85 0.47 -0.50 0.77
Raoultella
FEREE -0.82" -0.71 0.14 0.96™ -0.50 -0.70 -0.50 0.74 -0.50
Lactococcus
W ER R E )R —0.37 -0.48 -0.60 0.01 -0.20 -0.40 0.37 -0.70 -0.60
Unclassified
Enterobacteriaceae
Wik E = -0.25 -0.26 0.72 0.49 -0.50 -0.10 -0.10 0.35 0.22
Enterobacter
ek S 0.77 0.78 0.39 -0.30 0.56 0.84" 0.13 0.19 0.81
Enterococcus
Gibbsiella 0.30 0.42 0.12 0.04 0.38 0.33 -0.30 0.51 0.28
LS 0.72 0.79 0.43 -0.20 0.36 0.80 0.16 0.23 0.67
Actinomyces
WA B -0.45 -0.45 -0.70 0.35 -0.20 -0.50 0.41 -0.40 -0.80
Microbacterium
KU AT S -0.60 -0.44 -0.20 0.58 -0.50 -0.50 -0.30 0.39 -0.70
Bifidobacterium
RS -0.01 -0.21 0.00 0.01 0.67 0.05 -0.30 0.24 0.49
Sphingobacterium
HAFEE 0.48 0.49 0.43 -0.70 -0.10 0.52 0.20 -0.30 0.41
Lactobacillus
HERER R ER  0.09 0.25 -0.40 0.03 0.04 0.04 0.03 0.06 -0.30
Unclassified
Micrococcales
BHFEE -0.08 -0.06 0.47 0.58 -0.30 0.10 0.27 0.25 0.17
Ochrobactrum
T A S 0.01 0.12 -0.30 0.40 0.00 0.07 0.34 0.06 -0.30
Luteimonas

* R 03 R| Fe7R 45 Pearson AH &/ T2 6 B0 7E P<0.05 Fll P<0.01 K- (RUI ) 2 2 AH 5 . * or ** indicates significant corre-

lation at P<0.05 or P<0.01 level (bilateral) by Pearson correlation analysis.

3 it

TEAEY S B AU P Rl R A i A v A i e

S LE R B AEN ) B — 7 T BEL A B HORCR B, R
SEME PR e R KR E s I AR
i 3 PN S R A S oV T (7R o R [
2014) , BCE S Hb—SE R 1 3G 58 OREVE RN 2 55
F-,2008 ) , BU gl T HELH A, i3 — 2 R B E T RE
KA (H BRFAE,2012; Scully et al.,2018) . iX
Aofr ey g T A e A )3 I AL 7 R s AN
[Fi] 27 32 48y e 45 v ke #5  H 2R ] (Meng et al.,
2015) . AHFFEAERIRI, i I F R AR B

AU LA W77 Y 7 22 e RN, BRORD I 2 i
HUE 5 BTG IR B R A 4 U TE A Yy 4 A 2R
T UL, 8 S R RS ORI 5 4
a3 2 T B AR ARG A R A A I AL o
PHEE RO
ABIESE i 1 LC-MS 1 SR 3 085 A o ]
B SR L U 2 S A A AT 0 1 , 453
2725 88 SN, E RIS B2k A
PLEAL G Y 2 AR A BRI LS. W]
L, F E R v ] A A7 A o R R DA Y
B ARG , 7 A T RS A A AT O AR AR
PILARAEDEIR BRI . e 22 ™)
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o BR T 2-J5 EEART RIS R A LA A Y A BT
T AR A YO T R S R R A (AR L
KTV, HRYiRm &t E A S, B
BT OB R M 22 B R R 2 A R AR
YIROR BT 2817 22 5 i o i 35 (Bt VIPE KT
10). LA b 8K nl 92 i ER2EAb 54 25 ik
G AEYIAAPLE G, X2 A AT
PEURAACE 4, AT 50 B AL RE T, i B
BHE (BRAEAX 2R, 2000) , IF HEA B B A#E R
YE A (Belmain et al.,2012) . #F— Xt b Bt 4 i
AIAPSE S B AR LT L, v B R R &
HEE WP BB AN T IR G Rt
JB R RAF A FERRE, LR AT AR B R
BN AR 25 T A CHT Y B AR R
PR T B P Bo g R FE R

WAL A Y A TR Th i —Fh EE 2
Yy, [l it BAT — s i RAE . T RN S
(2014) MR 45 R F W], PR P v 2 L ke 1Y) B i 2%
W BT 4 V0 R A BR B R AT B A — 22 A A i)
P, I L R R P AT R RN 4 v 0 2 R TR A R 2
PHIVE R BRES IR I 25 M 4. |2, Ii
FERT LA SRS A S A T AR e i AR rp, B
i 25 A6 A W 32E A W 38 I TV Bk A i R T AT
A AERT A3 3k i 1 TR AR 0 e A o3 A Sk T T T
Jo W Wi HE i (Serra et al.,2012) . KT BEHIZEY)
JoT A TR VR FH DA K g 3 TR X i P 2 Ak 5 4 AR
W, 4 B AR 2 i RS S 2 6 B e
YIREE AT e R LS R BB s A AR 25 1
B YIRS

ARG 53 Hr 2 B R BT A A )
H5REREZET )5 B 4008 A e &2 30, 2 Ff
e B RS YA 5 i BR T e A S R o s % )
HHE, 22 B B BR A Ja A 5 IR B i 7E B 2 ) AR
W R R E HEAEH . BRTC A MR SE A R
H A — S FRp IS EL A A 8 T 25 ) T Y fE ) (Fran-
kenfeld,2017) . ABFFE P AR BB TERIKF- %
W% B I BR T Enterococcus casseliflavus , i P A L)
AL A Wb i B B A TR R, A
1 £ WG IR £h | L-FL R £h Al £ 1% (Schneider et al.,
1999). Br T &SRS, ek Ja i n] LU i 34
2 B TR 5 %o e e 2y o A T k2D A Rl (T
KAE,2009) Fr R E R ER R A B
bGP 2R B0 H i B AR DG M, DR mT e D B O JE

BRIy b e 2 EH .
Hh FEBCE T E S DGR 2R A4 R iE T, FLAT
T J A2k TR T 3k 2 R S 2 1 TR 2 ) o AP A
N IR RR BE A 1A OGP | SR T3 2 i RE S A4 TR A
Ry A A b A s — e . LA R BTE
TCAESAE T 3 Wb - WE T, AT LA PR B 56 1 2 i
FKACE W FMEEAL, P B 25 0 AR
ft.(Mika et al.,2014) . £ 1A )@ 7] g 5 7LAF 1A JE —
FE A B S 5 B2 B AR R, T X =
U RS T e SEEH .

P Ak A 4 mT LA REL DI 240 B 5 4% P 4% 26 1A
IR AL (R PASE, 2012) , 5200 S B A= 0 14 45
FHOBRA i (ZEREE 2007 ), FET%S 1 327 A Rk
(B 42 0 B E FH , I HL AR ) 22 B A 9815 i 38 P9 (9
A7 A A — 2 1/ H (Vendrame et al., 2011 ;
BN, 2021) o FEARBTTE, 1T AR F 0
KGN ES SRR E LR, RBUHEN
Z 5 B A YA AR R AR s . BT
AT /b A e 2 W 2E 17 4 %% 1k (Cardona
etal.,2013) , WA ST B AT LIS 1 254 7 A L ool
X EeAb A YR R 221 (Vilanova et al.,2016) 3 BUE;
FI TR BE A — LE 195 2 1) o 3% e mORT A 2 198 0 ofj v R
(F7H155,2014) . HIRER—ZHTE AT LSBT B 26
FT A AH K ZAE LT & 2 Fh iz 8 A v AL
FHZE R R S TCLE R AL R e S 1 Y s f v 32
2| T BRI KT I Bacteroides ovatus .77 I8 1 BR A Ru-
minococcus productus . FVEEER B Streptococcus inter-
medius 55 TR FL A Lactobacillus mucosae .3 5K
W Enterococcus faecium FI K55 3 IR E Finegoldia
magna %5 22 PP R ) PR VE T (Li et al.,2017) . [A]
FE AW RAEARDCHE 53 B b A8, DAR ] A
FEIB AL R A 153E P L340 TR AN S 4 1 5 B 2 )
Jo B I AN R AR B () TE AR DG, anLBRTAT s i 2 e
FRTR R A ER A& I TR s FSUB AT 3 & 45, Herp
WAL T —26n] DL A2 B A e . Xk
B T E R D6 B R AR 4l U A AT
KA W AR R R B R e v g, scE 2
Fefbo i N 2R a i 0y Bl VR AR T RE O t)E A
RAAT AL E s B e s A K R B R E A
o A ETHE AN EOLE 2R R mEN
() FLER P FFLAF PR 8 v LAYE O A4 T A
SEALYIE AV , I8 i A WA T TE B 264k & 7
AL B (A 25 S AR 3 P 4R (Schweigert et
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al.,2001) , ¥ hHEERR A i BERRE ) (T R 4%,2009)

EYIRAAVL ARG E T SR AEY, =&
MY — R EA B AR = . 5%
AR PR A 22 R TR T AT 3 AN ] A i 1 AR ST BT
TRAB WAL (X H S, 2015) . FEARDF
GO, T I R BRTRNEES AR e 22 R R AT A
LA HLAEAL A W & s T b I (0 O ELAE A
B, BT AMHESS 59 P 0 b i) e SR R s A
FEREIR I IEAH M s LA A Y 5 Wi L 3 A e
$7 5 IR T i 2 B0 Ak 3 T A O, SR X 2 S A R AT
e 5 T &AM YRR . EATFIEBE
AR JE ] DA SE P AR W 0 Y [ f# (Mason et al.,
2016) , {51l 4 DA -3 v i 2 4 B ERL B B 8 Pseudomo-
nas sp. gsc1182 TF P , 1% 18 7 48 h [N fiE ¥ fif 15 80%
B4 1 ME B (Gokulakrishnan et al., 2007) ; 5% 4 45
(2010) % BB B 1 A P Luate XoF WA P9 3 i 5
REEETRFN T 100%. 10617 12 R B i B £ RESE
JE HAE AR B 5 Jead B P (MR L AT 25 R B iR
FETG KA B AR P BRI ST 58 WS R AL R SRR
TP 0 A (B 45, 2016) , 122 T (R HEL B 7T LA
BRI 2R (E R E5,2012) ., FHILHEDN
JEIE BRI A s 2 R T g S R
BT EAVERA G, SR,
A TS P BT A NS A B AT B B G 3y
FCTF 2 S, B Mo B v IR ke 30 W A
5 BE b A ) FE B iR A AR DG DR IR A
Hh ] 08 TR G B R AR 4l U I RRR I R
He P AW

g5 B BT RS AN [ AP A S Y
RBHER, 4 B AR FRIE R &Y 5 25 hiE
TR A TR BE , U S O B IR e B R A
—RALB YT R HAT R DI RE A
Y B S 38 N B, A R L S R 4 R 2R A
AR R A R A AR . AR TR
T2 2 R g 30 ) R AR AL A R A A A
B DR AL S M A T W T B
A=WV AE DB AR O3S N AR B B AL I
R IR SRE . XY S i e Y 2 1A
(2% RAFATIRFE N A A = P A A i 3
A1 82 A A5 AR A B, N S AT R IR
JA R R AR AR R DS A
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