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i B 75 R R R 1

kEE® HEY ABHFY

O E#EARBNEE AR B 201699; @ gz L#E 200335

WE: WHiEfAdmeess M siyus R S e R0, S50 BT, x 4R e
AEEH R REE ., AFTEET 16S rRNA w7, XMW A RIFHEE (Aix galericulata)
B AT R B, SR B E I R TR BURE . BEREMEYILEES 2 020 MEALE
97%IMERAESr S TT (OTUD. f#RALANG R HILFN) OTU HEh 564 1. (#RAEH WM AEY Alpha
LRSS MR A2 BT EEZS (Mann Whitney U test, P>0.05). 7E1 1K, E&EKIGIERED
ZH R PAJE EBEB 1] (Firmicutes) (73.46%) AT ] (Bacteroidetes) (11.15%) A28/ 1 ] (Proteobacteria)
(8.72%) NE. TEJB/AKF, 5 G 25 = ZAL RS AR & (Clostridium sensu stricto 1) (29.65%)+
FERFIREE (Kurthia) (24.74%) FIFLITEE (Lactobacillus) (12.40%). {20 A iz 45 41 &4 B i
N AR R 25 (Adonis, F=3.6087, P <0.05). {Ef7# Akl 25 MR EE E &
TR, Forb, BOUR WS 175 RGBT 8 (Escherichia-Shigella) 1t i J& (Desulfovibrio)
AR R e CZRIEFIH 0T LDAME > 5, P <0.05), X 3 AN&E MB0% & T hE ik s g L mevg
Kils, PURGRIE S T, RFEREERANEERE.

RBEI: HIEMEY: 2R R
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Gut Microbiota and Their Possible Correlation to Enteritis
in Captive Aix galericulata

ZHANG Bai-Lian® MA Jun®* LIU Qun-Xiu®

(O Shanghai Vocational College of Agriculture and Forestry, Shanghai  201699; @ Shanghai Zoo, Shanghai 200335, China

Abstract: Gut microbiota regulate the material and energy metabolism of organism and participate in
immunity and disease prevention, which is helpful to maintain the normal physiological activities of animals.
Aix galericulata was selected to explore the possible mechanism of microbiota- inducing enteritis in birds.
Two scientific questions were concerned: 1) which (several) bacteria may induce enteritis in A. galericulata?

What kind of pathogenic mechanism may cause enteritis in A. galericulata? High-throughput sequencing was

* JEIER, E-mail: 47809111@qq.com;
BE—EENE WA, &, YT RTINS BPAESIAT NS R A% E-mail: zhangbl2020@126.com.
WA H i 2021-03-09, f&[EIH#: 2021-08-08  DOIL: 10.13859/j.¢jz.202106013
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utilized to analyze the gut microbiota of both healthy animals and those with enteritis, and comparisons were
carried out on the diversity and composition between the two groups. A total of 2020 97% operational taxon
units (OTUs) were identified from the gut microbiota of A. galericulata. The number of common OTUs in
healthy group and enteritis group was 564 (Fig. 2). The alpha diversity index of healthy group was higher than
that of enteritis group, but without significance (P > 0.05). At phylum level, Firmicutes (73.46%),
Bacteroidetes (11.15%) and Proteobacteria (8.72%) were the main compositions of the gut microbiota in A.
galericulata (Fig. 3). At genus level, Kurthia (24.74%) and Lactococcus (8.47%) were the most abundant taxa
in healthy group, and Clostridium sensu stricto 1 (29.65%) and Lactobacillus (12.40%) were main
components in enteritis group. There is significant difference in gut compositions between healthy group and
enteritis group (P < 0.05). In the enteritis group, a total of 25 microbial classifications were found significantly
higher than those of healthy group. Among them, Clostridium sensu_stricto_1, Escherichia-Shigella and
Desulfovibrio bacteria are the most abundant (liner dicriminant analysis value > 5, P < 0.05) (Fig. 6).
Clostridiales, Desulfovibrionaceae and Bacillales play important function in the gut of A. galericulata (Fig. 7).
The conclusion is that the high contents of Clostridium sensu_stricto 1, Escherichia-Shigella and

Desulfovibrio may destroy the balance of intestinal microbial community, cause the decline of immunity, and

then serve as important factors inducing the enteritis of A. galericulata.

K ey words: Microbiota; Diversity; Enteritis

NI T8 N AEAE R 2 RE AR DR
TEfE ERARRE e A S FE 3 R
HEANER, MR E ERNE R 2R IE R
EW) £ 4 (gut microbiota) (Ahern et al. 2014,
Malmuthuge et al. 2015). BFFEY, MFEHHE
VIRIAEA 50 £ B g RAE TV R R
(Peterson et al. 2015, Pickard et al. 2017). i
WROUT, @RI IES S P A S 1E 32
T R G BEAER, R E AL R
(Barko et al. 2018, RHHE 2020). A1,
— BB A KA F AL B3, AR
RUBIIR, 15 EIHE RN REE, <%
WEDATLA FR) S 28 D e JE 5 K B8 I IE 5% (Morgan
etal. 2012, 43 2020), WTERH LN % &
BRI E R, ST RLRT TR R R R
¥r& b F+(Schirmer et al 2019), JEEER [ 19>
10 (Moen et al. 2018) . [Klitk, Xt3)
VGBS A AR S DI RETT JRIR AT T, e
8 T AF M T ARSI B AR BRI GBX 4L
2016), [ A7 B T AR BAN T i B 504 o i)
AEBUR IR, 87 H Bm L .

BRI g TE AR e R A T Re T B A
MRFHIRFE (Hird et al. 2014), %O B R4l
B EAFEEEEET] (Firmicutes). AR ]

(Proteobacteria). k1] (Actinobacteria)

FI#LFF 1] (Bacteroidetes ) PU-~[7] (Kohl
2012). [ANS, BIEEREMEL, HEK, Tt
Re 71, FTULH miE A B 2
(Wienemann et al. 2011, JEAERKE 2016). A
KEYKEMAEMRI R oA R, HIEEE
WL N TIRGEM ST, B AR SRR
b (XMESE 20200, AHFFEERE B i)Y 7
iM% (Aixgalericulata) AWFFENT %, 9
Nl R A (R B R TZET) AU, F2T 16S
rRNA 7 H AR B0 H g TE A IX R IT 4y
T, il 98 41 ik e 2H 45 4 e f A O 2 st A T
XPE o MBI Ry W (L) Pl
ReE K T IEFREEHRIVRAE? SRR B IR
GE R T REEUR . AR A TIRAE
EEE P HEMAEAERR, RS WIE A
RIRBIAE N, AR R4 5 B iE
Js Iy 4 A e B L I iR FR S N S % .
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1 MRETE%

11 BEARE

2018 E 527 HFM 201945 E 7 H, *
£ BilgEnPld 10 R IEFR AT B E IR i e E
FEf, 3509 2 803 B IBEEANE, 5 REE (4
FH: 1. 2. 34 4815, 5 RZ G ARSGE
(5 N: 6. 7+ 8 9F110), FHAMRFE
3 fe SRARFE M LRE Bt SIS BE B 55 H T AH 2
FIk IS, B RE ST g e KT e SRR
47T - 80 CUKFE&H .
1.2 DNA 25

FEMAAR G 0.3 g IINTE B B0, i
1.2 ml PBS ¥, WwWiERE%, 12 000 g &0
5min, ZEFE EFW. FERIGEEIA 900 pl
CTAB 2, R EGIRS), RABREXH
ZFEESS (Beadbeater, Biospec, USA) Al A+

i, T e FH By A G40 /5 I B £ X DN A (Dai et al.

2010),
13 PCRyHM5E5HEENF
FIFHIEH 514 341F 1 806R 4 41 B4 16S

rRNA £ [H () V3 ~ V4 XI5, PCR ¥4 1F 40
F:95 CHIEHAEME 2 min; 95 CAEME30's,55 C
Bk 30 s, 72 CHEMH 30 s, 25 MER; Hq
72 ‘CHEfH 5 min. PCR ¥ 3 F] 20 ul JR A4
%: 4.0 ul 5 x FastPfu 25, 2.0 ul ANTPs

(25mmol/L), k. THsl % 08 ul

(5 umol/L), 0.4 ul f¥] FastPfu T4, 1.0 pl
DNA FEH AT 11.0 pl ddH,0 (Yue et al. 2015).
F3E 1) PCR F 84 =0 FI 2% 35 NE W Bt A HL bk
Farill . AxyPrep DNA #1771 & (Axygen,
USA) [alie4tifk . Tris-HC1 ¥Efii 5, 7E Illumina
HiSeq “F & #ATI 7 7547
14 JFPEHEALE R

W FA32][H) PE reads H /e #E overlap ¢

RATPHE, RIRD 75 i sk T s A g8
1ZH QIME (1.17) B A Xt 5 ah 4 ik 47 4 24
AL . MIBRK /N 150 bp 7541 BREAE
IS BC T 5 BB ST 6 UL BT

LA 97%I1 7 SUARALE A, FE TR ALk,
XF 7 368 7 A1 34T AT 45 93 2K B o6 (operational
taxonomic units, OTU) JZ X FK I (UPGMA
i), 115 Chao. Ace. Shannon Fl Simpson
BH, DAV IE R Alpha ZAEME,
2 hIM R i 2k . R F RDP classifier DU #7501
X 97%ALKFH) OTU AR FFHIFEA Rl 732K
IR AT 73 EE HORE G A, o5 EU PR HaRs
5 Silva (Releasel32, http://www.arb-silva.de)
1 RDP (Release 11.5, http://rdp.cme.msu.edu),
WL AR R OTU AREFHIESA5rK
TP RER, RFEARDEKF-Gt
BRI A& H . OTU 732K 404 3=
FHET Qiime “F& (V1.9.0 http:/giime.org/
scripts/assign_taxonomy.html) F1 RDP Classifier
(version 2.2 http://sourceforge.net/projects/rdp-
classifier/) SE/l. T AFFEA OTU (97%4H
BT D I ZE i, B 3D = 43 43 BT (3D principal
component analysis principal, 3D PCA) A3 Ak
¥r43 4T (principal coordinates analysis, PCoA)
FIEAFREAZ A Z R 3D PCA 7h#r/e
BT RRIREE RS, PCoA Zr kT FRBK IR &
PASMEHAM BE S, G I AR L RO e AT v
W ZE B TEE R 43t Lefse R PEH 1
5341 (Linear Discriminant Analysis, LDA) &
A5 B (cladogram), 43T 7E U AE YD
V&R EEAEHMAE S FT R B
vegan 1Y) Adonis £ 56 LA BE 0 AN 98 21 I

21 ) 2 ek

2 SR

21 EBRBEHEMEMZ S

FREAR IR R 26T 22, RPN
TREETT DAZE 55 K 2 30RE B &2 (B D
BH N TEMAEYILEEH 2 020 MEIES KR
g6 (OTU), HJFHIAHINEK TN 97%. fdfR
1 OTU =4 1701 4, BN 876 4, W
HILFEI) OTU HE ol 564 A~ (- 2). fiEd
%4 1) Chao FIl Shannon FREUE & T W% 4.,
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Simpson fRECTMHRH, HHLEEER
(Mann Whitney U test, P>0.05, % 1),

700

B W D
[=3 [=3 [=]
S S S
T
—

OTU%{ B OTU number

100

0 1 10 I000 20 I000 30 I000 39 I800 49 I500
FFI%H Reads number
B 1 BHEIMEFRRTREMHL
Fig. 1 Rarefaction curve of fecal samples of
Aix galericulata
T (BT HARS N 1~5: R CEOET) FA
PN 6~10.

The sample numbers of healthy group (red) contain 1 to 5; the sample

numbers of enteritis group (blue) contain 6 to 10.

ip
Enteritis group

iz i
Healthy group

1137

B2 REASBREABERNREMEY OTU HEE
Fig.2 Vennillustration on the microbiota OTU

composition of Aix galericulata

22 EFBEGEMEMHER
TEITK, 5 1 7 E AR P 4H % DL S BE
I7 ( Firmicutes ) ( 73.46% )« $LAT & ']
( Bacteroidetes ) ( 11.15% ) #1 2 & & |
(Proteobacteria) (8.72%) AN, HIUCNMLL
B 1] (Actinobacteria) (4.69%) HI 5 BK B -
i3 EE ] (Deinococcus-Thermus) (0.65%) (&
3. RN MTEIR, MEREEFNNG I 550 B4R
B TR 3 (K 3D,
fRRAEEME T, RAMEE LG
)R TR 0 ER IR & (Kurthia)
(24.74%). FLEKEJE (Lactococcus) (8.47%)
MEAIER T B (Macrococcus) (10.68%). 14
A RO TR B T AR SR T IR BE R T 4k
X # B 8 ( Clostridium sensu_stricto 1 )
(29.65% ) F1 FL AT i J& ( Lactobacillus )
(12.40%), ALK& T AT W3R A K-35
¥ J& (Escherichia-Shigella) (4.97%) F3 )&
TP B T TRIAT 8 (Bacteroides) (7.21%)
% (HD.
23 EREEMEMEMENLE
FE R A AR, /T =AS E R
FITTHR AR T 85%. 3D ER 4 HT (3D
PCA) FIZEAEFRAIHT (PCoA) S5 R IR, fH#FE
HEH P E AN S R T2 TT,
PR AH 2 1) 2 I 27 S 14 (P 5D« Adonis F 30 B,
et R 2E N iy 9 2048 15 1) i SE A A D 2L R TR A7 A E
B#%%Z% (Adonis, F=3.6087, P<0.05),
TE i Fe 4 v, Uk A AT W H

(Bacillales). ZIEKE Rl (Planococcaceae) 4%

®1 REANGERABEHEMEYFEENDHEEREETER
Tablel Microbiotaabundance and diversity of healthy and enteritis Aix galericulata

Frol%H Chao 5% ARG W AR AR E B
Reads numbers Chao index Shannon index Simpson index Coverage
{EE4H Healthy group 49 602.40 =£5316.17  575.80 + 340.09 3.75+1.53 0.13 £0.09 0.999 0+ 0.000 4
% % 41 Enteritis group 42 797.40 £ 9 868.79  409.60 + 79.07 3.06 +1.36 0.17+0.14 0.998 8 +0.000 4
Z 18 Z value -0.731 -0.731 - 1.149 - 0.940 - 0.940
P {& P value 0.548 0.548 0.310 0.421 0.421
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7 . 47 1] Microbial Phylum
. ﬁéﬁ%m*ﬁ;ﬁiﬁ . B JEEEH ] Firmicutes
The relative abundance of microbial taxonomy B BIAFE ] Bacteroidetes

O A5/ H1] Proteobacteria

W JA4RHET] Actinobacteria

B R ERE -] Deinococcus-Thermus
B cZEJE 4 Epsilonbacteracota
W #AFIE (] Fusobacteria

I SRJEHAI] Spirochaetes

B 5B (] Cyanobacteria

B KA 1] Patescibacteria

W 53] Chloroflexi

O EFRH(] Synergistetes

B SR Tenericutes

O £F4EAT181] Fibrobacteres
HK43J Unclassified

B BEEKATENT] Deferribacteres

B PEHE ] Verrucomicrobia

Al

A =
(=]

T 2 B %271 Elusimicrobia
3 B FRFFET] Acidobacteria
B K A4 1] Kiritimatiellaeota
1 O KA WPS-2
BRAIET] GAL 15

B % ¥ ] Gemmatimonadetes
B3 BFREEREMAEAE N EE
Fig. 3 Therelative abundance of gut microbial phylum of captive Aix galericulata
fRREA (LT FEARST 1~5 BRA (EOEHF HAKRS 6~10.

The sample numbers of healthy group (red) contain 1 to 5; the sample numbers of enteritis group (blue) contain 6 to 10.
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R e IRV NS IS (BB i iEEmEnE
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SIETTFESiiE fRFOp i iRzeE¥Eied
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" & #Eﬁm N g & = ﬁ
i TmE I £ m o :
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= Ar
o E
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BERHITT J&432% Genus taxonomy
Actinobacteria
L 1 1 | J
BIAFFEETT JEREREI] ]
Bacteroidetes Firmicutes Proteobacteria

K4 EFRBEREAEBEARASATHAS L EXNFEEREK 30 MER
Fig. 4 The percentage of gut microbial genus (Thetop 30 microbial genuswith highest relative abundance)
of captive Aix galericulata in different groups
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Fig.5 Comparison of the gut microbial communities between healthy and enteritis groups based on 3D

principal component analysis (left) and 3D principal coordinates analyses (right)

42 NGV E T AR A (A T E N
5.34, P<0.05), Hrh, ZFfIATEE B (Bacillales)
F= P f i o E M 2 A rh e th 25 AMAEE
O TR, Hor, R EE T
FREE A (KRR HTHERT 5, P<0.05),
HIRNIR A IGE B B (R PE ) 3 A E 4.33,
P<0.05) FIihTEE (Desulfovibrio) (B 6).
Lefse LDA # 4t 3 & (cladogram) 43 4T 3R HH,
W R AEHHIEWEYIHRIE H (Clostridiales)
MR FE R (Desulfovibrionaceae), LA fid
HP P ZEHAF B H  (Bacillales) fE7iE X & H
R¥EEEZEH (BT,

3 Wit

T T R ) B R 2 ) o B A W i
FMIAEE O FEE SR G 20200, #F5T
RO, SRE AV IE AR R E T
XJ (Hird et al. 2014), ST TICIT )
WAEYIRETE (Waite et al. 2015), RN T iRy 2%
B RAE I R e BhAs, A THR SN
[ i B WL, B H S A E A v i A7

SR EMAEY E R ERERE . BRE.
FONT T8 1 IR 18 1 1A R, i 32 AT 2 A 455
TH A TE DX A 1 250 S R A ) P A s
M (Hird et al. 2014, #Ti/E 2016). A8 FTH,
B B AEED 73 FKF EE 2N SR
BT PR TS ARTE BT TR T, 5R
% 9 R B A A T 7T 25 AR, . JRERE
W= i W E AR EE ], e ey
HE AN ZRRAIEIRS, ARTIES
MR B RE R S E TR JERERE TR L
VNS KW i h B RER, B
g E DI Re 2 A AF/EIEAH 9¢ (Claesson
etal. 2011). FUAFFB T 13 AE A0 L3 P i
VDL F A, Bets Bfd 2 MR ARG
PNF IR R B M S R M B T AR eV
BHENRH . AoFid, EEGHEHOA#E
SEEE (11.15%), TR SR #1155 iR
R4 AN AN M B R R E R A S T
FUARBH, B R [ TR R 1] B AR AT B
B RN a5 R E (He etal. 2019). B
IR s K —ANT, ThRg a2, A
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I {2 5E4H Healthy group M 154240 Enteritis group

B H Clostridiales
R Clostridia
BB Clostridium_sensu_stricto_I
HREPL Clostridiaceae_I
B IREMWHE Escherichia_Shigella
JRBRIKEFF Desulfovibrionaceae
[BiHi3RE B Desulfovibrionales
I B 4 Deltaproteobacteria
JRBRIRTE 8 Desulfovibrio
WALEEER Rl Peptostreptococcaceae
KH5E Paraclostridium
WEFT BRI Helicobacter
WEFTEH) Helicobacteraceae
EAZER GCA_900066575
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BHIE BB} Saccharospirillaceae
B ATIE B Romboutsia
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$a 7B H} Sporichthyaceae
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RHi5E Microtrichaceae
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%% F L} Methylophilaceae
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BUEFF B E Bifidobacteriales
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Bz BRE Al Dermacoccaceae
JRIERE R Vagococcus
MBI R Gallicola
FHi2 Hymenobacteraceae
HE B ® Hymenobacter
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MELF4ER E Cytophagales
B R BRE R Leuconostoc
RIFFE 8 Carnobacterium
YWEIKER Serratia
RIFFE#F Carnobacteriaceae
BRRITEE B Corynebacterium_1
EMRITEPL Corynebacteriaceae
TR HJfi A} Pseudomonadaceae
MBS B Pseudomonas
IAERE 8 Enterococcus
#RE B Corynebacteriales
J5EREERL Enterococcaceae
L4 B Brochothrix
ZERTRRICBP) Listeriaceae
SFWBRE Deinococci
FHERBE -] Deinococcus_Thermus
BT KE R Weissella
B B3 2R A} Leuconostocaceae
SATLIRE B Candidatus_Arthromitus
TIHERBR Staphylococcus
SEBREA) Streptococcaceae
FLERE B Lactococcus
ERBRE B Macrococcus
HHERERF Staphylococcaceae
PEARICTR Kurthia
ZhIREA} Planococcaceae
ZEAFTEE B Bacillales
1 1 1 J

1 1
6.0 —4.0 2.0 0 2.0 4.0 6.0
LDA/}MH LDA SCORE (log 10)

B6 ZET Lefse &MEHMMT (LDA) HERANGRHEBEFEMEWHRK BT

Fig. 6 Comparison of the gut microbial communities between healthy and enteritis groups

based on Lefseliner discriminant analysis (LDA) analysis
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B a: A E Microtrichaceae

Bl b: U FFE Rl Bifidobacteriaceae
Bl c: XU AT B Bifidobacteriales
Bl d: #REA} Corynebacteriaceae
B e: #%{RH B Corynebacteriales
mm f: 7P} Sporichthyaceae

B g 2 3RERl Dermacoccaceae
Bl h: £7fiF Hymenobacteraceae
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B j: S ERE S Deinococci

B k: 24T Helicobacteraceae
B [ FORHE Family X1

B m: AR ER) Listeriaceae

Bl n: 3FKERL Planococcaceae

B o: 7% BRE R} Staphylococcaceae
Bl p: AT ERl Bacillales

Bl q: AFF#R} Carnobacteriaceae
B r: 73RE R} Enterococcaceae

B s: B EE PR E R Leuconostocaceae
B t: 55ER AR} Streptococcaceae

B u: B EF} Clostridiaceae 1

Bl v: H4kEEBRE Rl Peptostreptococcaceae
B w: 8 5 H Clostridiales

B x: R HE 4 Clostridia

Bl y: IR ERl Desulfovibrionaceae
B z: [BiFRINE H Desulfovibrionales
B a0: 5 B 44 Deltaproteobacteria
Bl al: B EERL Methylophilaceae
B 22: WHIZ A} Saccharospirillaceae
B a3: B F} Pseudomonadaceae
Bl a4: %47 EF) Solimonadaceae

B a5: J@/KBRIEH B Salinisphaerales

B7 ETF Lefse SHEHHIMTHEISSZE (LDA dadogram) I REERNG 4 455 8 SAE WA RN EL o

Fig. 7 Comparison of the gut microbial communities between healthy and

enteritis groups based on Lefse L DA cladogram analysis

B b & I (RS E A o 19 ) ELARAREZ R E A IR F BRI e SR g AR TR B0 225 2 B 2], el
IR R AR B TR A REI I, SRR R R A R B AR A R BAR GRS R B .

Each dot represents microbial taxa. The diameter of each dot indicates the relative abundance of the microbial taxa. The yellow dots showed no

significant difference between two groups. The red dots indicated the important microbial taxa in the healthy group, and the green dots indicated

the important microbial taxa in the enteritis group. The scientific names of microbial categories are displayed in the legend.

B2 Mo, RS RH KRR, 5
LB R S B 2R 4 £ 1258 (Grond
et al. 2018), {HA XTI 1HI1EH iM% A AH
FARIE, AR TE—B0 5.

AW T, A R 1 il S AE P Chao
A1 Shannon 8 %CFIMEI M T B (P >
0.05), PREHEN s i 2k P i ] g e 33
HHRFRZ —. Kb, #REHAEER Chao
FEHEHE (30549 ~1168.07) Bk, HIRAN
(320.62 ~490.48), W HEIH T AMARIHUE &4

SER A o P 2R 1 W AR ) R B
J& (29.65%) BLHRINGHJE (2.25%) FUEAT F
J& (0.55%) [MFFEREm THREM. RFfe
s S| LR AR A SR G il e Al 4
B . RAEMES & (inflammatory bowel
disease, IBD) ¥ 5120 J& HIAHRX 3 B K
(Dominianni et al. 2015). Kk, B B
IR TERBUR R, BIA N i it & 40T
MEERR 2 — (FEk 2019). EEFEMTR
BT E (Anser cygnoides) il ik Wy b
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RN, FRTE I AR R = R B A T B AR Y
( Wang et al. 2016). W5 KB, R E
(Clostridium) @it 27 Foxp 3 fil CD4 KiXk,

W T AR ECEA TR, IS MA )%

71(Nagano et al. 2012) . 7E8f 4= 75 K79 ( Tadorna

ferruginea) FIHF 5T, #2158 I ELBIA 2 0.1%
CHFESE 2021), AW HL# (Grus

monacha) i H1 42 B J& LL il 7.09% (ot ik

2019) o HEMASHH 72 Hh 17 98 2H 48 45 Jizp il o i e =F

FERR R MU % S0 B F V. B3 B

JBAE AR 22 1 2K i 38 Tl AR W) i 9T b A i IE
(Manichanh et al. 2006) . fff 75 &H, NKlgiE

it ot 5/ B A () 3 22 o B RN B V5 45 W A% 9

s B R AE o IR B R AR R 1 v B

¥ 3 95 BT TE 21U R 3 (Gibson et al. 1993),

RENS (e LR 70 IS A 4 3= (TL-6 A1 IL-8)
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