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WE: DEMBEEAERE EREMHL R I RIEEEE/EH, MEWHNZFEEME R
e AR FARSUA EEAE AR AR . MEBGEN S AE KK E KRR, (HHON i B R A g
HIAR S SIS0 FEAR R 2D o AHE 70 AR A /N B, (Mus musculus) X5, 3R MR AR AL /N B
J T R AL R . SR AN AR D NN R E B, 5T 16S IRNA mil &M FHAR, HFFitk
BTN RIS S AR R . TF S SRR, MR N R N R R R, ISR B .
Jor 8 B REAE T b, TEH /N BRUFN 25 35 /) B b 38 A0 B AV 35 R UL 18T 1] (Bacteroidetes ) J&EBE [ [
(Firmicutes )« 8 J¥ I '] ( Proteobacteria )« 3% 3 P [ 4T 1% |1 ( Epsilonbacteraeota )« it 4H B4 ']
(Patescibacteria) & H "] (Actinobacteria). ¥ BB [ (Tenericutes) WLEKAT B 1] (Deferribacteres).
FRFFHE 1] (Acidobacteria) FITEFE4NE ] (Cyanobacteria) 2L, I BB REA S BER IR & [ 1405,
PITT P RAR R = L 7 23 Uik 80% DA B . Alpha ZAEETHIZE RN, MEME/ N R S HEME /N IE R4S
EHSIRANMMAENX R ELBEESR, Beta SRR —BRYE, EWHSRHHZ AR
X REW T REZE R, B IR RIS RILE 0, MR 51/ R TE bR R 2 R
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Effects of the Changes of Sex Hormones on Gut Microbiota
Composition of Experimental Mice
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Abstract: [Objectives] Gut microbiota plays an important role in immune function and gastrointestinal
system. The diversity and richness of gut microbiota are important physiological index to measure host health.

Sex hormones play an important role on the growth and development of animals, but the effect of sex
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hormones on gut microbiota composition is not clear. [Methods] In this study, a mouse (Mus musculus)
castration model was established by surgical method, fresh fecal samples of mice were continuously observed
and collected during feeding, and the effects of sex hormones on the intestinal flora of mice were studied by
16S rRNA high-throughput sequencing technology. Usearch was applied to cluster reads with similarity above
97.0% and generate OTUs. Taxonomic annotations of feature sequences were processed by Bayesian classifier
using SILVA as reference database. Statistics on composition in each sample were calculated at level of
phylum, class, order, family, genus and species. QIIME was applied to obtain abundance of each species in
samples, and distribution histogram at each taxonomic level were generated by certain R package. Alpha
diversity metrics were evaluated by QIIME2. Beta diversity analysis was processed by QIIME. Blood was
collected from the mice after they were fed for one month. The contents of estradiol and testosterone in serum
of mice were determined by radioimmunoassay (RIA). [Results] Sex hormone levels in female and male mice
decreased significantly after ovulation (Table 1). At phylum level, the intestinal bacterial communities of both
Firmicutes, Proteobacteria,

normal mice and castrated mice were composed of Bacteroidetes,

Epsilonbacteraeota, Patescibacteria, Actinobacteria, Tenericutes, Deferribacteres, Acidobacteria and
Cyanobacteria (Fig. 4). The populations of major bacteria found in normal and castrated mice were similar,
with Firmicutes and Bacteroides as the dominant flora, and the sum of relative abundance percentages of the
two flora was more than 80% (Table 4). Alpha diversity showed no significant difference in microflora
evenness between the normal group and the castrated group (Table 5). Beta diversity showed no significant
difference in microflora structure between the normal group and the castrated group. Followings are Beta
diversity analysis based on four distance matrices: PCA analysis; PERMANOVA analysis and UPGMA
analysis (Fig. 8). [Conclusion] The change of sex hormones did not cause the difference in the composition of
the intestinal flora of mice.

Key words: Mice; Sex hormones; Gut microbiota composition

YRR AN S AE K E B RIEE
BRI, MR NI S
WA ME —FZ (estradiol, E2), eI E
FEONHE WA (testosterone, T) .o Hff
TR AR R AL SR N & 2H 2340 i b 3= 208
T4 A A MO AZ N MERL 2R 321 (estrogen receptor,
ER) KB E 524K (androgen receptor, AR)
J& Bl 3 R e sk #5E AEEH (Georget et al.
2002, Reebye et al. 2012). PEEEX T-4E£55h
Yo VEAE CHEJLEE 2013). WIRAETH R G
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CF) , 8 RuEtE/NER 4 sttt IE % 20 (normal
male, NM) M #EVE 2 #4420 (castrated male, CM),
it 4 4, a4 Ko MErEIER A 4 H/NRM
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SR ZEL M /) SR BRI RS0, (B AN PR LA 2,
Ja FIRESE S

F2 I TP /) BROR P RDRE () A 3 7 2RI
FATH G, AW SR IE N, fifit 5
FEGEH BRI, FARELILEREZ AN

/N BRAE BUJE A 7R

A&, K2 AL, P24 AR 1A i g D 412301
Frs R HARZH SRR, 3 nil4E & UL AN
Bk, I B RO U1 R, NRIFEE S
R E gE . 6 RE A /N SR BT [EAE R AL, H
AR AHR, ERFEES.
ARG B B RAE /N AT B TR PRBUR

Frgk 3d, Biibikgy, IEEmRa ROk,
122 NREMEREDEORE HIALED
SR AL B3 (0 BRE I 7%, TRIFRER 54 R, BIR
Ja B 41 RREE /D BUBTEF SR A R AR
i FHTC B B DA i 5 G o SKAR e SR A Ay
T FAAETO IR B O s 3, DAIRESRE i B )58
XA55% . BB SR A A7 AR R i [l S
6%, P HAEAZAE - 80 CUKFHH ELEI$2H DNA.
123 ARMBFEEERRN  E5R/
BORSESAE 1 MG, A FHIRBRCR AR S/
SRR 1 ml, 3 000 r/min 25.0r 15 min. W HX b
& 0.4 ml THHELE T BRIk 2kt
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5514, IE 514 5'-ACT CCT ACG GGG AGG
AGC A-3', K[54 3-GGA CTA CHV GGG
TWT CTA AT-5" (&5 H Ny A/T/IC, VR
A/CIG, W N AIT). i 5I¥ik4T PCR ¥4,
XA G P AT aiAL . AN — TR R T
SCPE. BREAAS B SCEE A Tlumina Novaseq 6000
AT 7153 Raw Reads, f#if] Trimmomatic
v0.33 XTI 743 3 (1) Raw Reads #4714 I8
SRJE A% cutadapt 1.9.1 FKAF3EAT 51407 51 )R
Al ZERR, BEIAEE IV 5 Clean Reads;
f§i ] Usearch v10 #fF, @it overlap X &4
i) Clean Reads HEATHHEZ, REHRAEAFE X
K R VG D P4 5 B R AT K B e
Ml UCHIME v4.2 B, %8R ERika ik
b, 192 H&AHBEE (effective reads) .
1.3 HIES

/N BRUHILTE P R 3 A 23 B /) B S
FE i W T8 B R 2500 B A SPSS PRO Ab#E, 4[]
225 SR RS AE A t ke, Seie % DAF
Y + FpiEZE (Mean + SD) iR, P <0.01
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USEARCH (version 10.0) #A4-1E 97.0% 11 AHAE
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discriminant analysis (LDA) effect size, LEfSe]
Kot FHA Z F R AEMIRR.

2 SR

21 EBFMIEE/DREEME LS

FLMETE /N AL (CF) 5 IEH MM /N R4
(NF) AL, M =R 22 BEE (t=4.790,
P<0.05); ERAMEME/NRLA (CM) 51N
H O(NMD /NERAEL, SEKFRERIK (1 =
4939, P<0.05) (£ 1)

K1 PREBERACHRUSER

Tablel Sex hormonesresultsof mouse

M Female T Male
WM~ 27
Estradiol (ng/L) Testosterone (png/L)

57.65 17.889

T 51.59 24.635

Normal group 55.92 13.107
51.35 —

FHI{E Average 54.13 18.540

33.15 1.499

] 35.51 1.480

Castrated group 40.32 1.800
53.72 —

P51 Average 40.68 1.590

t {A t value 4.790 4.939

P{H P value 0.041 0.039

MEPE AL R 1 BSREE 53.72 ng/L, RIS 3 A
ATV IR 1 RNBUORBIERBET:, | LB EERE SR
Ak, WAEREIRM “—” o, EHREAR 3 HEERET T

The outlier value 53.72 ng/L in CF was removed. The data of
dead mouse in NM and unqualified sample in CM were removed, the

remaining three sets of data were used for calculations.
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Fig. 1 Multy samplesrarefaction curves of gut
microbiotain Mouse
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Table2 Summary on raw data processing

FSAR BUARSIN ITRASIS AAURIIS RERTIRIIE  GCER Q0 Q30 ALY

Sample ID  Raw reads Cleanreads  Effective reads Average length (bp) GC content (%) (%) (%)  Effective reads ratio (%)
NF1 80377 80 129 76 453 414 53.25 99.16 96.49 95.12
NF2 79779 79 525 76 265 416 52.82 99.13  96.38 95.60
NF3 79 864 79 612 77512 420 53.33 99.10 96.27 97.05
NF4 80437 80 168 78 337 420 53.91 99.08 96.21 97.39
CF1 80307 80 022 76 478 424 53.38 99.00 96.0 95.23
CF2 80013 79 759 77305 419 53.51 99.10 96.31 96.62
CF3 80 002 79 743 77367 416 53.53 99.11 96.36 96.71
CF4 79 874 79 654 77 482 423 53.61 99.05 96.14 97.01
NM1 79 866 79 587 77 665 416 53.76 99.09 96.27 97.24
NM2 80 024 79 738 77 838 421 54.40 98.96 95.90 97.27
NM3 79703 79 451 77075 418 52.98 99.11 96.33 96.70
CM1 79 948 79 686 76 705 419 53.33 99.09 96.23 95.94
CM2 80015 79 727 77411 420 54.27 99.03  96.10 96.75
CM3 80 257 79 959 77718 415 53.42 99.12  96.36 96.84
CM4 79 563 79 282 76 596 423 53.62 99.09 96.23 96.27

CF. MEMERHA,; CM. MEELRHH; NF MEEIER 4, NM. MEEIER A, Q20. JIEAE K T4 T 20 A2 & S E £ A /) b

Q30. FIEALATAFT 30 AUBREE 5 LB T 20t

CF. Female castrated mice; CM. Male castrated mice; NF. Female normal mice; NM. Male normal mice; Q20. Percentage of base with mass

value greater than or equal to 20 in total base. Q30. Percentage of bases with mass value greater than or equal to 30 in total bases.
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J& 195 Fh (£ 3). (Bacteroidetes ). JEEER ] (Firmicutes). %A%

242 |7 (Phylum) /KB E#EZE R JE 1] (Proteobacteria ) « 1% ¥ 74 [% 4T 5 [
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FEf 2 FK Sample ID

B2 PRIEFEER OTU RRER

Fig.2 OTU clustering results of mouse stool samples

CF. M3, CM. Mtk 354, NF MESEIER 4 NM. Mt IER 4.

CF. Female castrated mice; CM. Male castrated mice; NF. Female normal mice; NM. Male normal mice.

MR WP TE Viide i e IE
Castrated female, CF Normal female, NF Castrated male, CM  Normal male, NM

B3 /NREEERE OTU # Venn B

Fig. 3 Venn diagram of OTU of gut microbiota composition in mice

a. WEMEIE® 4L (NF) 534 (CF) HE 1 OTU $E M Venn [&; b, HEMEIER 4L (NMD 534 (CM) FEH 1 OTU &Y Venn K.

a. Venn diagram based on group of females in normal mice (NF) and castrated mice (CF); b. Venn diagram based on group of males in normal

mice (NM) and castrated mice (CM).
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K3 HERFERMMGITE
Table3 Statistics of speciesannotation

HAZHE 1] xN H ) Ja i

Sample Phylum Class Order Family Genus Species
NF1 16 26 50 79 173 190
NF2 16 26 49 77 166 182
NF3 16 26 49 79 172 186
NF4 16 26 50 80 176 192
CF1 16 26 50 79 170 186
CF2 16 26 50 79 173 188
CF3 16 26 48 77 170 183
CF4 15 25 48 77 161 177
NM1 16 26 49 79 172 187
NM2 16 26 47 73 154 170
NM3 16 26 49 79 173 189
CM1 16 26 47 77 168 182
CM2 16 26 50 80 170 187
CM3 16 26 50 79 173 190
CM4 16 26 47 77 160 173
it Total 16 26 50 80 178 195
CF. MR, CM. MEME R34, NF MR 4 NM.
e I 4

CF. Female castrated mice; CM. Male castrated mice; NF.

Female normal mice; NM. Male normal mice.

100 ra m Hfth Others
_ m S4B Cyanobacteria
g m FRFF 1] Acidobacteria
8 80 m PiERHTFEE ] Deferribacteres
-g W 4RBETE|] Tenericutes
5 60 - W R EE ] Actinobacteria
N w5 BB ] Patescibacteria
-% A Prote:obacteria
S 40t WORE TR
i Epsilonbacteracota
4 W JEEETE|] Firmicutes
E 20 m AT ] Bacteroidetes
=

0

WEPE B MEVETE R 2H

B BE B ] ( Tenericutes ) « it 2k #F B 1]
(Deferribacteres)+ FRAT ] (Acidobacteria)
FHE#BEAHEE 1] (Cyanobacteria) o K500 A X
FREEIRN, 2RI A R B UM B
T JERERTT 2 AN, B e
80%UA L (18 4D TR 1 AL W [ 1551128
Mo LG FETTKF, M 1E 2H 18 T
B 10 LR ErE T TR RS 2o 38 40 0 B 2
Z5 (P> 0.05), HEVEIESHBERE 10
AT INFEE S ZRHATLREER (P>0.05)
(4,

SHE A I 2L A 2 A 2 R A T 2H R 2 3
A /I R T TR B AE T D KT B R A B R 2R
N, EYNRIRE, RIS, METEA I IE
AN EBAN 8 AR H RS, Ul
B T 2H AN 2 B4 A A ) 1) %) g 1 T A A Ak )
HFE BERONARAL; M4 0 1 5 AN L 3 A
7 RAMEBAR S B RS, RHAFEMER
J 3 B TR IE 5 25 A AN AR (] 1) 3 L
BRI RIARRIE (B 5.

100 1y, m HAih Others

m WA ] Cyanobacteria

w FRFTHI] Acidobacteria

m JRZEH] Actinobacteria

m JB4ATH ] Deferribacteres
m XEEE ] Tenericutes

m BB 40T ] Patescibacteria
R PR

Epsilonbacteraeota
m B[] Proteobacteria
m JEEERE ] Firmicutes
m AT ] Bacteroidetes

80

ABXT=EFE Relative abundance (%)

0
HEpEZHE  MEPRIER

Castrated Normal Castrated Normal
female, CF  female, NF male, CM male, NM
H4 /NRGEERY A EERE

Fig. 4 Speciesdistribution of the gut microbiotain all samples

a. MEPEIEH A (NF) 5X3A (CE) /NRIE R DA ERARE: b MEEIER A (NMD) 5EB4 (CM) /NR I R R

X AR A o

a. Species distribution of the gut microbiota of females in normal mice (NF) and castrated mice (CF); b. Species distribution of the gut microbiota

of males in normal mice (NM) and castrated mice (CM).
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Table4 Comparative statistical table of phylum horizontal abundance (M ean + SD)
HfEHE Female HEPE Male
1 Phylum T2 o fﬁpﬁj E 341 ol fEPﬁj
1 2 £ correcte: s 4 correcte
Normal (NF) Castrated (CF) Normal (NM) Castrated (CM)
B ] Bacteroidetes 0.4643+0.1858 04681£0.1179 1.0667 0.4973+0.1222 04870+0.1376  1.0667
JEEETR ] Firmicutes 0.4012+0.1346 04548+0.0979 0.6184 04113+0.1114 03995+0.0972  1.0000
1] Proteobacteria 0.0324+0.0184 0.0327+0.0244 10000 0.0224+0.0071 0.0295+0.0148  0.4622
B PFEAT 1] Epsilonbacteracota  0.0454+0.0380  0.0065+0.0026  0.1674  0.0119+0.0101 0.0454+0.0335 04112
HEE A ] Patescibacteria 0.0237£0.0173 0.0141+0.0090 05153  0.0266+0.0028 0.0155+0.0149 05135
EER ] Tenericutes 0.0112£0.0136 0.0038+0.0028 04757  0.0115+0.0087 0.0033+0.0029  0.308 4
JEL4k AP ] Deferribacteres 0.008 1£0.0100 0.0068=0.0130 0.6871  0.001 0£0.0002 0.007 1+0.0106 0.6168
JRZE 1] Actinobacteria 0.0037+0.001 7 0.0096+0.0045 03971  0.001 0+0.0035 0.0080+0.0051  0.6975
FEHT 1] Acidobacteria 0.0025£0.0010 0.0013+0.0004 02310 0.0022+0.0013 0.0013+0.0009 04195
AN ] Cyanobacteria 0.0026+0.0019 0.001 1+0.0003 03347  0.0024+0.0017 0.001 1+0.0007  0.660 2
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L == O NM
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LR T 1] Nitrospirae
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BRFFHI ] Acidobacteria
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=222 =3
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B5 YfhEEEREKAE

Fig.5 Heat map of speciesrichness clustering

a. MEPEIEH A (NF) 5X34L (CP) /DNRIZERE DAL RRAE: b MEELHEA (NMD 5EHA (CM) /NRIZEE 32
ERAE . BRRIHMEL, AFRIOVIMER: R MR RN, LI7 RIS e I iR

a. Heat map of species richness of the gut microbiota of females in normal mice (NF) and castrated mice (CF); b. Heat map of species richness of

the gut microbiota of males in normal mice (NM) and castrated mice (CM). Horizontal clustering is sample information, while vertical clustering

is species information; the left cluster tree is a species cluster tree, the top cluster tree is a sample cluster tree; heat map is in the middle.
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Fig. 6 Cladogram based on LEfSe analysis
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a. Cladogram based on LEfSe analysis of the gut microbiota of females in normal mice (NF) and castrated mice (CF); b. Cladogram based on
LEfSe analysis of the gut microbiota of males in normal mice (NM) and castrated mice (CM). The circles radiating from the inside to the outside

of the cladogram based on LEfSe analysis represent the taxonomic level from phylum to species, with species without significant differences

uniformly colored yellow, and different species with other colors.
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a. Female; b. Male. The length of the histogram represents the impact of different species (i.e., LDA Score). The figure shows the species whose

LDA Score is higher than the set value (the default is 4.0).
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BER, EZRYFEERDS (B 6b), ik
EFFEE 2B (Erysipelotricha) . FHE: 2216 H
( Erysipelotrichales ) i 4 B
(Erysipelotrichaceae) & A B 24F H (1) b B
(F 76).,
25 /NRIGERAE Alpha ZREES T
Alpha ZHMEGREIR, /N ERMEN: 1F 5 4H
(NF) it %340 (CP) HRIE R ACE
8%, Chaol #8%(. Simpson #§%(5 Shannon
REBHLRERER (P>0.05); NREEMEIER
H (NM) Stk L#4 (CM) HRIIE
ACE f54#. Chaol #5#(. Simpson 5% 5
Shannon $E¥IH T EE 2R (P> 0.05) (R 5).
26 /NRIGERRE Beta TR
261 ERHAHH ERS M (principal
component analysis, PCA) JcHit 1 ek P 20 4f
AR B A Z R RS . 2R ER, M
PEIEWA (NF) 5XEHBA (CF) 172 KAMA%L
RELR—ZRIR, RFMEEEFHS LHA

FATEY TR AL A IR REIM R, &
HRKER (F8a); HEMIERA (NM) 5%
Y (CM) KL ERIREAR AT [ — R IR,
FOA AR ) R AR IE 5 241 2 [0 S E Y
AR 22 BN (K 8b).

262 B#ZITFEM BEEZITITESN
(permutational multivariate analysis of variance,
PERMANOVA) £ E7x, MEPE/N 234
(CF) FHIEH A (NF) I8 w21 5 2H
T EZER (R=0.180, P>0.05 K 9a);
PEEFHH (CM) FIEHEH (NMD /MR HIE R
FEALIN SHN TR %R (R =0.183, P>
0.05 &1 9b).

3 Wit

Ji 18 B X 4 FR A E R R RIS R ST
RERTEEEAEH, Wil e a2 R =
B P AT B T A R 1) LA PR YR AR (Eckburg
et al. 2005, Koboziev et al. 2014). W70,

#®5 Alpha ZHHEEHST
Table5 Alphadiversity statistics

FEA 2 TR OTU %t ACE #§%{  Chaol #§%f  Simpson #§%  Shannon #5%tr ¥ RZL 1 Phylogenetic  EiF

Sample ID  OTU numbers  ACE index Chaol index  Simpson index Shannon index diversity (whole tree) Coverage
NF1 531 549.968 4 566.150 0 0.977 8 6.777 4 319517 0.999 4
NF2 509 527.703 6 530.666 7 0979 5 6.648 5 30.889 2 0.999 4
NF3 528 541.1515 543.256 4 0.976 0 6.378 7 31.8420 0.999 4
NF4 553 561.888 8 565.500 0 0.978 9 6.743 5 327125 0.999 6
CF1 490 515.789 3 510.567 2 0.927 6 5.1658 30.4120 0.999 2
CF2 547 559.9577 569.037 0 0.964 1 6.506 6 32.2592 0.999 5
CF3 530 539.707 9 540.156 2 0.986 6 7.074 2 31.468 1 0.999 6
CF4 487 519.822 0 518.016 9 0.958 3 5.5583 30.3159 0.999 1
NM1 526 537.281 6 548.2353 0.983 1 6.903 5 31.5447 0.999 6
NM2 464 517.174 6 510.1053 0.900 9 5.1955 29.379 6 0.998 9
NM3 546 555.393 1 566.300 0 09713 6.702 4 324203 0.999 6
CM1 526 552.3637 556.357 1 0.958 9 6.2250 31.5249 0.999 2
CM2 513 525.8911 523.5532 0.962 1 6.203 4 31.2533 0.999 5
CM3 541 5473732 558.500 0 0.987 6 7.259 4 32,1027 0.999 7
CM4 466 513.290 6 502.982 8 0.962 7 5.828 8 29.604 0 0.999 0

CF. MtEJ3hdl; CM. MEME 238 4]; NF. MEMEIER 4, NM. itk IR 4.

CF. Female castrated mice; CM. Male castrated mice; NF. Female normal mice; NM. Male normal mice.



2 39 SRS PERER A U I8 T RN B 2 ©273 -

© L34 Castrated female, CF © [ F 4 Castrated male, CM
© M T # 4 Normal female, NF © fifEt IE 41 Normal male, NM
b
a .
0.02
002
0.01 F 0011
0.00 [~ 0.00 -
2001, - . 1 -0.01} | . |
2001 000 001 002 0.00 0.01 0.02

B 8 Beta Z#tk PCA T HE
Fig. 8 PCA analysisdiagram of Beta diversity

a. MEtE, b, HEME. a. Female; b. Male.
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Fig.9 PERMANOVA similarity analysisbox diagram
a. WEVE; b, MEVE. CF MEVEZSAML; NFE MR IER A CM. MEMERSBA; NM. MR 4.

a. Female; b. Male. CF. Female castrated mice; NF. Female normal mice; CM. Male castrated mice; NM. Male normal mice.
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[X| %8 ( Tsukahara et al. 2013). 7% (Mueller et al. St AT B R AR /)N R TR A R R
2006, MR 2021, KA 2021). PR Wi, HIFFCLE S AT T AR IR R TE R R 5
(Haro et al. 2016, YIAFELAE 2021, i (ZF M) 2 P AR
F|IESE 2022, XIMRAEE 2022) M) (B4 AT ME PR NER SR, 5EF
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AL, G 16S rRNA & il &I 7 BRI 1 16S rRNA =i &l 7 S50 25 R R B, AT
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FUHR I A A MEE IR AR LA A
TP I 8 4 AN 25 38 2H /N R B Sl A ) A a3
= OTU #iEm B AR, B 97%. IEF M2
H /N BR il B BEAE T DK 1) 32 B 2 SR e
BT TAUATRR T, 2R BH /N BRIl 3 22 18 T
H5RZHINWmE AL, Bk (Sus
scrofa domestica, Gresse et al. 2017). 57 4% i
(Cervuséeldii, EMi% 2018). #MEF (Moschus
berezovskii, FHKFEE 2021) 4.

HiE82E (2017) 5% T /)N B3 18 B R oK
5o, 2 T R /S R P T B A AT B 1
JERER [ TR TE R T 1A, 3 ANEETTRT & bl
ZAE 91.27%LL L, SRS SR —8.
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T B JEEER T JEREE ] (Verrucomicrobia)
R TS TR BE ] AT wIT. BREE ]
(Desulfobacterota) Bt & AT b [ A1 I SR 4 B ]
LRI Horp R RN FURF B T 13 A 35 58
11, RAERHERESHEAE .

Alpha ZFEME K Beta Z REVEFR B BT AR
B, D 2R A R I R 2R e A
HANRIEREBEZFEEMEE TR EER.
PERMANOVA 73-#7 &% LEfSe 7348, itk
1E LR 3 A R e E R A AN R AN R
ER AR A B IR E L. UPGMA TR K&
FERT = B2 AT 2 B0, e TE 5 4H RN 22 38 20 S i
PEIEH AN LA/ R TE WA B K+
FEHT 20 ) EEE R A IR E EZ R
BRI T AR, PEEER AR A X
NER B R B 2 R A B R

EH T AR B 5T o A B B A2 B B /D B
R, R LR EER, FEIN/NREE. H
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BEEN E WS &R, CEEA
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H [F) R G 928 sz I A i 168 T A 2 1 1) AH ELAE

(Pace et al. 2021), {HYEBEMEH AT RE2AF

TEVIMZE R J35b, U SEE /N RN 16
W, ATRESAAAEH THREAR R SRR SEI iR 22,
HRANFR R SR, TR
TRJEHRR 2 K SR TE R BT WT RE2on St 46 s
GO FRATTHO B FUAE BRI, PERER AR
/N R B R SO P AR BB R, IR T A
Ui E S I TE W AR . AR
MRS MERETFAE ST XR (Markle et al.
2013, Bolnick et al. 2014, Elderman et al. 2017 ).
MR KMEER K70 00 5 B S PR i TE
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FIARU (Simo etal. 2015); PR ANEN B
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MERER (L3 2B A (immunoglobulin A,
IgA) 43 Wb LLSE W Jizp 3B W B, MEWCR 32 AR th A
ARFIE R RS R EZER (Pace et al.
2021). PRIk, PEEEN /N B AR ) B
AEIAERI B b, A AT REXT 718 T D e A AE
M. ARt —DAEThRETT THIT R PEBGR
AR /N B T T R R A SR 7
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