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Many animals, including humans, live in groups. In evolutionary phylogenetic terms, the ancestral
species of mammals were solitary and have evolved to live in groups in various taxonomic groups.
Most feline species are solitary and adults do not form groups, with one of the exceptions being
the domestic cat (Felis silvestris catus). While the common ancestor species of cats lived alone,
now there are both solitary and group living cats. In addition, some feral cats and indoor cats
depend on humans for resources, especially food resources, and form dense groups through
humans.

Even though animals form groups, several types of groups can be observed. In some groups the
relationship between individuals is not strong and there are just aggregations that share the same
space and time, and in others, the individuals are more affinitive and cooperative. They share
resources and show cooperative behavior and clearly separate in-group and out-group
individuals.Although there are various forms of groups with such different structures, a common
factor of these groups is that they keep temporal and spatial proximity. In order to maintain the
spatial and temporal proximity that is essential for this group formation, it is necessary to have
temperaments such as tolerance for the presence of other individuals and low fear to approach
them. One of the mechanisms underlying these temperaments is the hormonal system such as
cortisol and testosterone. It is also known that oxytocin is involved in the background of in-
group/out-group distinction, resource sharing, and cooperation. Recently, it has become clear that
the gut microbiome influences the hormonal system and modulates social behaviors. These
suggest that temperament, that is behavioral responses to other individuals, is modulated by these
hormonal systems and gut microbiome.

In this study, we aimed to clarify whether social behavior in cat groups is modulated by gut

microbiome, cortisol, testosterone, and oxytocin. We investigated the relationship between
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hormones and social behavior among cats in Chapter 1, the relationship between hormones and
social behavior between humans and cats in Chapter 2, and the relationship between gut
microbiome, hormones, and social behavior in Chapter 3.

Chapter 1: Hormones and social behavior among cats

Cats live in dense groups when food resources are abundant and concentrated, but live alone
when food resources are dispersed. It has been discussed what type of groups cats form, and
whether they are affiliative groups or aggregations that just share the same space and time.
Hormones have also been shown to play a role in the spatial proximity of each cat. Therefore, in
Chapter 1, in order to elucidate what type of groups cats form with other individuals and to clarify
the relationship between hormone concentrations and social behavior among cats, we measured
basal concentrations of cortisol and testosterone, which are involved in proximity between
individuals, and oxytocin, which supports affiliative groups. It is also known that the amount and
timing of experience with a partner is important for group formation and maintenance, and in
particular, group formation with a specific individual by individual identification through
oxytocin in childhood. Therefore, in order to elucidate whether childhood experiences cause
differences in group structure, we aimed to clarify the differences in the association between
hormone concentrations and social behavior between those who shared a childhood environment
and those who did not.

Five cats were kept in one room for two weeks, and their behavior and hormone concentrations
were analyzed to investigate the relationship between them. In order to consider the effect of the
sharing of the childhood environment, we set up three groups of shared childhood environments
and three groups of unshared childhood environments. The results showed that there were many
positive correlation coefficients between cortisol and contact behavior with other individuals in

the shared groups, and negative correlation coefficients in the unshared groups. As for



testosterone, positive correlation coefficients were found with contact behavior with other
individuals in the shared groups, while negative correlation coefficients were found in the
unshared groups. Furthermore, as for oxytocin, individuals with high oxytocin concentrations
exhibited more contact behavior with other individuals in the shared groups, while individuals
with high oxytocin concentrations exhibited less contact behavior with other individuals in the
unshared groups. In previous studies, oxytocin was generally reported to be positively correlated
with oxytocin concentrations and contact behavior among individuals in affiliative groups. This
indicates that cats form affiliative groups by sharing their childhood environment, which is
positively correlated between oxytocin and contact behavior. Future experiments with only male
and only female groups are needed to elucidate the adaptive significance of group formation in

cats.

Chapter 2: Hormones and social behavior between human and cat

It is said that the relationship between cats and humans began when the cats followed rodents
that gathered around human grains which ended up living beside humans. Even today, the
presence of humans plays a decisive role in the population density and habitat of cats. In addition,
cats not only live in close proximity to humans, but they also have many characteristics that
promote interaction with humans. Previous studies have shown that high cortisol concentrations
are associated with more hiding behavior from humans, suggesting that the hormonal system may
modulate cat behavior with humans. It is also believed that a cat's behavior toward humans
depends on handling experience from humans in its childhood. Therefore, in Chapter 2, we aimed
to clarify the relationship between cat behavior toward humans, hormone concentrations, and the

timing of beginning human contact.



One cat and a human spent two hours in one room, and the behavior of the cat toward the
human was analyzed. The relationship between the cat's basal hormone concentrations and the
time of sheltering, which is an indicator of when the cat started interacting with the human, was
investigated. The results showed that individuals with high testosterone concentrations tended not
to avoid humans, and that individuals who were sheltered later tended to avoid humans. In
addition, in the correlation analysis of males and females separately, in males, individuals with
lower testosterone concentrations spent more time on the same sofa with humans, spent more time
in contact with humans, and rubbed against each other more often. It is possible that cat's social
behavior toward humans is influenced by both physiological and socio-environmental factors
although there were some sex differences. Previous studies have reported the possibility of
paternal influence on cat sociality, requiring consideration of genetic factors in addition to

physiological and socio-environmental factors.

Chapter 3: Correlation between gut microbiome, hormones, and social behavior

There is an interaction between the brain and the gut known as the brain-gut axis, and the gut
microbiome influences the social behavior of the host. One of the pathways through which the
gut microbiome acts on brain function is the hormone system. The gut microbiome is known to
produce hormones directly and indirectly to alter social behavior. In addition, gut microbiome is
transmitted between individuals through social interactions and shared environments. In a study
of macaques, the more sociable individuals tended to have a larger abundance of Faecalibacterium,
suggesting that gut microbes may have been a factor in the evolution of sociality. Cats are also
expected to have changed their gut microbiome as a result of environmental changes of
dependence on humans for food resources, and to have transmitted microbes between individuals
through shared environments and co-feeding as they became closer to other individuals where

food resources were abundant. Therefore, in Chapter 3, we aimed to investigate the correlation
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between gut microbiome and hormones, the correlation between gut microbiome and social
behavior, and the correlation between the similarity of gut microbiome and the frequency of
interaction between individuals.

We investigated the gut microbiome by 16S rRNA analysis in cat feces and its association with
basal hormone levels and social behavior. The results showed an association between the
components (PCoA) of the gut microbiome and cortisol and oxytocin concentrations and contact
behavior. In addition, UniFrac distance analysis suggested that individuals with a higher
frequency of contact and co-feeding were more similar in their gut microbiome. The correlation
between the PCoA of the gut microbiota and hormone concentrations suggests that the gut
microbiome might be involved in the secretion of these hormone systems, either directly or
through the nervous system. The positive correlation between PCoA and contact behavior, affinity
behavior, and aggressive behavior indicated that gut microbes may modulate social behavior, or
that gut microbes may be transmitted through interactions such as contact. In the future, we will
add more cases and conduct more detailed analyses based on genus and species levels to identify
bacterial species that are associated with behavior and hormones. The result that individuals with
more frequent contact with each other had more similar gut microbiomes was consistent with
previous studies in wild populations. Future research is needed to investigate how this similarity
in microbiome affects the degree of adaptation of individuals and populations.

In this study, through Chapters 1-3, it was suggested that the social behavior of cats toward other
individuals of the same species and humans is influenced by physiological factors such as
hormones as well as socio-environmental factors such as childhood experiences and the timing
when they began to interact with humans. The results also suggested that cat hormones and social
behavior are influenced by gut microbiome, and that individuals that interact more frequently

with each other have more similar gut microbiome. In the results of this study, it was shown that
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the relationship between oxytocin and social behavior differed due to differences in the structure
of the group depending on whether or not the childhood environment was shared. This is the first
study to reveal the relationship between oxytocin and social behavior of cats toward other
individuals of the same species. Since this study reported only the correlation between hormones
and social behavior, and between intestinal bacteria, hormones, and social behavior, it is expected
to provide clearer results by conducting administration experiments of hormones and gut

microbes.
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EDHRNVEAFENRZET BN D, BAMEIL. ZHbDRVE S ZEEE (23, 24),

TITRHERIS (2B)EAET HZ LN TE D, £z, HAEMHAFHCLAREZ T L
M DIRIEIZ L > T N—T A A FOBNMEE AL ST 2 WO ERTREMA S
HD (26-28), TN D OB FIL, MEOISRE & I HE#E OB R LT v
AT LEN L THESATEZZ S, LHERO T m 22k L, fRE L THEH

NTOEREROBNDEZHT-5T 2 L 2RB L TW5D,

T, AT, BOERNIZI T DHERTEIN A LE BN Lo T
P SN TV DN E I DEMEIT D72DIC, R aOfTE L ALvEY, IBNMEO
BEZH NI T 52 L aAME Lz, 1 E TR — R aickl) 22T LR
NEVOMEE, 2 BCTRMIEAENE LToOE F—3aflicki) 24217 &k
VEOBEZFHAE LI, £ LT, H3ETRIORENME L E21TE, FLrEro
A A Lz, EFCAET IR IZBNT, 1. ILF VS — L ETF A RNAT IS D

BRED mWERL, HERREAMEMES, foxave MOk L TR TE LY
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HBCREEITEY, BT LX O RITEIE L DL DI D, 20 AF T MU UORENRE
ERIE, xR 2 MIx L THBERHZRITEIN L BMA2TEE & 5 X 5127

5. 3. BEEOBNAE O L RO R VE PR HSTENCIEER S 5, 4. £
P 36U THILE (4 & Bt o @\ MER R L O IBNHTE BT 2, L 4 SDfR

LA N TCT,
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B1E xa—xaflicBi) 28178 & KT DORE

F1E =

T A DAL RRIZEE DO S AMRIUTHRAT L, BB E IR U THFET 2RI TIEmE
FEZRAERACOAETE, BEAHLL TV BRI TIXHEAM TAEIET 5 (10), 20 X 5 ICETE
RO L > TTE X aOEMITHANREM R ON, F—RZEM A2 LE T 58
KOEEV2DONL NS XTI ED LS BREHEZTHL TWD D0 L5 RN

L%,

LHITHEET 232 a2 TIEZ < OMAEFEMIFBEREN SN TEY . SR EHT72
EWVWSIEIBENDL D THD, 7oL 2T, R TMIERBMRICH D A A A+ TI[R1E
BZ1T5 (29-33), F7z. van Aarde (34)i1X, RKAX =R LENEMZEK L, £OHKA
DOEDFBELLEELHEOEL NI ZEEHRE LTS, 352, EHOHFT
E, RAFEOBPRREBITRED . MOX 2T L TRHIREEND Lo ToilE b
H5 (35), FIIBNTUL, BFERZILAGT D2 EREBAILEIT) E-oMniF &7
D, Eo%, KEBRETLILFERH & W o 7o I BIR O & 2 BN I B H Rk B35

O TR ERHALTER TS (36,37),

F7o. X aFEOZERETEEIC B RLE NS L TS ATREERSH D, AT
bHa—nr v v~wxra (Felis silvestris silvestris) & g L CRraEHFaLF Y —L
BEMIWZ E2VREINTEBY, xa0a)vF Yy — unBknZ Lt betE Az <t
LCEVERICRDZEEARIZL TSN LR EEZ LN TS (38), %=
FEiZBNTS, anF Y — L EEETIMICECHBERH 5 Z LBARESNTND

(39) TNHD I ENG AT Y — L PERMITE U B 2R ZE W 72T B DR 22 m6E
T DZERRBENTND, TARATRUOAF Y Fv v bxalicisd biha
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https://paperpile.com/c/HXpAZa/JqKIT
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ITENZIZ L A TR TV RN E OO, invitro TRIDa)LF S —)L3T A F AT
DWEMRTZEHAMLNTEY (40), IFV—L b T A b AT 1 3 FE

WTHSITENZHG L VWb EEZ NS,

S DICEME ORI B AT A EEIZ R D3, Z2I8bAF T hrUnfbL
TV, REFEICEN T, PR L ORI & 0 REROMA Tl S 4% o k
T DR ERIZEE U TR 2 B S, WO S 7 LR ERIC

SNDHZ LI E o T, BIRICRUST 2R DNTER SN D, ZORELEIC, B
THITRENLRETTE, B5THERTLOICRD (1), 20X 5 b ilics)
HAXY S EN LI ERERIRE S L RUBIE RIS Ko T RRE O LA TR L
HLHEZBEL TV, ST, BElE OMBRPEESNET D7 P VITMEER S A
b UPMELS D MAER & OBFR 2R TEN N DR <R D (42), THUH DRFGEIE. B
DHNTHETCRR D 72 S 72 Do TR T AR % b O R & OBFRY 72478 25070 < 72

D, HOEMNHE L RDHZ EERBLTWVD,

ZITHLIECRBN T, Fan 0k ) EMEHR L TWE01E I 0 EMIT 5
DIZanF Y=L, FRAMAT RV FFY I URE LRI RITET 5 HR1TE
ORIHEAZ ST D Z L D BB OIA DA B X > THIBICE 23 &
U275 E D M EMEIT 5 720D MBI O 6 O I L 2B OLED 1% 55
T HZ L EAME Lk,

B2 B FE

1. xt5@Eh

Wih 7 -, RO 3050 7 == : 1098, Rzt = : 20 5H) %xt

RUCEBREAToTo, ERIZBIM Lo 2385 ic T, A7a< & SRR 1 » il
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https://paperpile.com/c/HXpAZa/BjdrB
https://paperpile.com/c/HXpAZa/EB4rS
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Moo 3 LE CZEM TR LT\ e, BlixORa% 7 X A5 EHT D7/ —
ST Uz, SERVAETEBRGARF I N M DO O L HICE L 525 L PHlshD 2 &)
5. SLFAETEBIARIC X o T, 3BT OO MIBRE LA RE (QLRIAETEB 4G A s
11.3+5.4 » Hifin, 3 BRI TIED 523 FRIFICHE G TdH o 72 2 & 2 b LRI AR AARE
Wb HEETHoT2Z LN TREIND) | AR GLFEEIGBM Al : 542+29 » A
e, 9 BRI CILd 2 BN FEBRIFICER CTh o 72 2 L 2> b ILFAETE BRI b Z i Td

STEZ ERTREIND) O2RETT T2, &7 NV—T7OREEOFEHMIZE 11277,

2. FEBRERBL

EBREIM A 7 2D 1R (15m) | b LIRS 7 547201 (21 nf) 12 CTHEML
7o GO MIBRBIIARED O B, 2EMOERE NI 7 = THEMi, S DBIBREIER 1
M &S DRI A RE S MO EREZ MK FETER L7z, EbbbRralléo
THIDTORETH o7, MRIZILMA LE 252, HUKEMA 7 = : 4 »Fr, #Ai
KT 2—4 7. XaPMREGFZERTEL L9520y FERE L, £,
BMIEFHATELE2ICF vy N U—%R 1B, bLFUA— VAT TEREL
7o BERICBIL T, HARECIE L A 2 B9 & RICEEE, FEILERETIE 2 D PTicikiE
LW DO THHBICERE L TV e, #Slfisk CORBRBRREZX 11277, BB\ T
(X, B3XLZ21:00—%6:00 (THEOESKZHEL, 6:00—21: 00 ILHEOBELRE D

FIREETH o 72,

3. EEREE

1) fTEREHET A AZ

ERPORaDITEN 28T 572012, 1 A F (HX-ALH, Panasonic) 2~3 5% W\ T

FANILNE D IZERE LT,
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2) FHRT A b

KR O3 2 DITENDFLERAZ FTREIC T D721, RN T A a2 2 B & LT,

5. SEBRIE
FANBEETLIEIC TR LB 2 B OITEMIZE. RERZITV R LVE CHIEZ

Sk L7,

1) 1TEhBl%E

(1) BIE2mFH

ITEMBIZZICHOWTIE, D WIBRBEIEILARE 21 : 00~317 : 00, S/ WIBREESLATRE
22 : 00~ 6 : 00 DTENZFkil L7z, R EOBRMEO AR LT D 72012, 1TE)
fEHTIZEBRE R~ F DAY 37200 AR O 21T o 7, DD HIBREEIEIL A

o RF 70 WEfE], Sh/HABRBEIARE - Ft 56 e SN L 7=,

(2) 1TENENT

ITEVIEATIE 7 v — X R ER D WD Xy RADR AR, N> FOIARF
B, 29020 (B)  Bveg (\) | &Bvy (\)  FEC (\) . K& (E)
ke (| | REFIEA (B) SWVolfTBE ZOMFE T+ — ANV 7Y o7

fe 7Y o NS CRiER LTz, ATEVRIT O THE L T DERZH 2 17T,

2) REFHAET A I

S DHIBRBEIARE Tl W R O A L. F 3RO HAVZIRFRIC 1 B 2 [BIfEEE &
nNTWiziew, REEGOFMPRETH 72, £ T, BRELGEZFET 5701
BERIATT R b2 2 [T O%EN L7, Im BENZIGETICEED A > 7o Bdnz 2 7 FTICERE
L. SEHOFR APl ZBHERZ D F TOTEZBILRE Lz, ERPITEMOBILE & [FEk
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DAAZT 2 HNT, FEABRNEDITHRE Lc, TO%, dBiBg» 6, GEL. o

< HBWORE (B) . FIURBILSEE 2 B 7= a T LT,
3) JRELEL & RV L EEHIE

(1) PRERIX

FADRY T E 2 BRO VAT A M LA UPERERZICIUE LT, S HiBs
IR T IBIR B4 12— 80°CHHUE CIRE . S D MIBRBE IR THEIR oK Lo TR
B, 4 REHILANIC—80°CInmE IS B E) LIRE LTz, TD%, JRY 703 15 srfliE
Do HEZAT 72 (3000rpm, 4°C) . JRIZEF 160 Yo 7L (5334 7)1 [ k)

WA L7, ROBEA MR Z & OBFBREUZOWTITR 3 ITR LT,

(2) TV — VRERIE

VT VIREEIL, BESERS A g WA 1L (enzyme-linked immunosorbent assay
ELISA) & MW CHIE L7z, JREWEZ ELISA 7L — h D& 7 = /W LTz, —kHT
RIF 20 BREICAIR L7cpi= v T —ugifk (abl949, Abcam) | —RPLAIE 500 512
ARULTZ~ T R 19G-Fc 7 7 7" A » Mtk (A90-131A, BETHYL) & L7z, 7=, 4[H
L7l EY Y E~UL At % o &2 —+F  (horseradish peroxidase : HRP) %, Cortisol-3-
CMO-HRP (FKA403, COSMO) TH V., 100 TfEIZHR LTz, AZ X — K7
PRV T 15uL, —IRPUA, ZREUA, HRP X 100pL 20 Lo, bl

VT VBEOMEIX, 7 VT F = MHIEEIT o T,

(3) T A MRT 1 U PEREERIE

TARNAT B UREEX ELISA IECHRIE L, JFRIRORY > 7 V% ELISA 7 L— R D

U JVIZTET B0, RENESHEREOSA XY v E 01%FmET VT v

ETe ) VIBRREIR T 2 RIS L TN b i Lz, —IRBUAIL 2 75 5000 fFICAR L
20



7ZHiT A B AT 12 3CMO Fifk (ab35878, Abcam) . RIS 500 5 IC AR Lz~
7 A N9G-Fc 7 7 7' A > MUK (A90-131A, BETHYL) Z{#f L7=, HRP i
Testosterone-3-CMO-HRP (FKA101, COSMO) % 100 FfFIZAHAR L= D& H L

Too AR UHE—RY TV ERY T 2500, —RPUA, TWRBLIAR, HRP 1 100pL

TONELE, BoNETARNRAT O U REDOEITZZ VT F = EE2{T-o T2,

(4) FF v b U RERNE

¥ MR ELISAETHIE L, HilkOAF > v ELISA ¥~ | (ADI-901-
153A-0001, ENZO) %#fiH L7, JRY > 7 NEFXy bDOT vt A3y 7 7 T50 FICH
L., ELISA 7L — hD U = WIHTE LT, AZ o F— RV ERY T LT 15
puL, —%&HPiAR L HRP (X550 uL 9> E L=, SohioAd v by v iBEOMIZZ VT

F = UMIEE TS T2,

(5) 7 LT F = RERIE

JVTF=UAZ o E—= R T B L ORY T A KK T 100 f5ICH R L, 96
UxlwA a7 b—hk (1-6776-03, 7 AU LR A4E) (2 EH 100uL 055 7E
L7-%%. IMNaOH % 50uL, 1g/dL FV =Frwr 7=/ —/L% 50uL 0 L7, 7L — kK
=il (20~22°C) T 20 RERE L%, ~( /7 n 7L — Y —%— (MODEL
680XR. Bio-Rad Laboratories, Inc.) % AV T, &K 490nm OWSEE ZHJE Lz, o

TR D FE AL LT,

FIHE AR

Wi 7 = COER, BAIRECOERTIIAMEAT 2 hoHiE, BN <
RADI0, AEREIUCHEN T, REHE OB L LA L, KiC
R KT DITBERD 7 T ALY VT T L, 0%, HATBORE, FL
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TURENDDMBREORGOFRTERD HNE I PEFRDI-DI, P BRsE
WERE, SDWIBREIEILAEHO T o Va2 s Y OB REZT> T2, £70. %
IADOHBATENE VT — VR, TARNATOURE, XY b UREOMHEBE
PRDT=DIT, AT~  ONBAABIRE A Uiz, AT IITHEEHAENT Y 7 b

(JMP 14.2.0, SAS Institute Inc) ZfEH L, AEKEEZT 5% & LT,

FBA4E R

1. {TE8WEH s 722 7

IZUDICR KT AITEID Y FAE ) o T hRFERUT-FER. GunE, WEIZED
DATECWEN, BEARITEY, B 7 EfhiTE), REEE LI —I 07 (%) D5

DODY T ALK E N (F4) .

2. YYPWIBREICARE, D BIBREIEILAREDSATE O LUk

BATEN Y T AL — 2D BB A RE, SV D WIREIIEIARECHIR L= L 2 A, B
& (M 2A ; Z=3.070,p=0.002) . HfilfTH) (X 2C ; Z=3.154,p=0.002) . HFIHY
7eEfTEY (X 2D ; Z=2.396, p=0.017) BIEHFHETEZ o7, o, WBIZEDS

1TEIRRUE (X 2B ; Z=-3.318, p=0.001) 1A RETE -7,

3. YD BIBREEIARE, D HIBREEI I RED AL E R DO g
FAHRNE REZ YD WIBREICARE, FEIARECHRLIZE A, TAMAT R U
£ (X13B;Z=1.867,p=0.062) . A& hI U EE (X3C;Z=1.701,p=0.089) 7%

LA CTEVMERNIZH > T,

4. RAaDHEEATE & ARVE IREEOFAE

1) aVFV—u
22



SOBBRELFRICB W T, T Y — VRE L EMITENC EOMBENA LN (&
5;rs=0.533,p=0.041) , MUCHEDHHHEBITFEO LNRP>Tob DD, Ui
X BEATE), BRI LI —I T D3 ODITEN AKX =BT, LERET

FIEDHBERE TH o 72Dz L, LA TITADHBERK TH -7,

2) TARMAT RV

VBRI IR, AL L HICB W TH, T A MAT O VB LITEI Y TR K
—ITHBIEA b2 h 0T (RDB) o Flo, BVNE TITAOMBIRE. KRICREDL
HATECHE O CIZIE DM BIRE MBI 36 L CA b= b o0, BERMTE), BUK
IREAATE), REILA L V=7 (XH) O3 ODIZBWTIILA R TIZIEDH

BIfRE, FEILARECTIIADOHBRENR A LT,

3) A%y b

FXY M URELBGONEICEBN T, SO EIREILARE CIXIEOHB (5 ;5=
0.668, p=0.007) . FEILARETITADMEE (35 ; rs=-0.618, p=0.014) NA LT,
F7o. ARV TAH R b RE L EMITEICAOMBNRA LN (F5;rs
=-0.521,p=0.046) , MLOHHEIZENTH, TXTOLFFT M URELITEI Y T X
Z—ORRIZIBNT, AR TITIEOMBREL LA TITAOHBREN 2 5h
7

HoH B

BLEOR RN, PRI OFEIC L > THEATEIOREL, A/LERE
BODRH DL ENRBRISNTZ, Flo, PHIRERFOFEIZL T, AF T v
LAV EEMITEN R EETOITE 7 72 F —I2B T, AR TIZIEDOFE MG
. LB CTITADHBREN RENT, £l2T7 A RAT B U EW ELRICED
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DATEIRIEON L 72 2 LD HIBREOLAFOFETHE L TWeb DD, lliZé A
EOHEBIZBWCIHLAR TIZaLF Y —L, T A AT 0 U BELTENCA DI
Rk, AR CIIEOHBREN A LN,
— AN, AT b AT RERIC W T, EFRRNOMEEIT S LTI
BERE L., A% b v L EMITEIOIEOFEBEN A STV 5 (43, 44), A EIOFEERIZ
BT, SV HIBREARETIIA XY v EASITIICEOHBEN A b, ST
ZEL A L&D IR 2 ERRNOERITS T2 4% by OER AL N2 L &
AL TV, —F, S HIBREEIARETIE, BB REROERICITE>TE S
T AR P EHBITRICADHBANRA LN L ERB L TN D, 2 b Ok,
R OB A A O BIC L o THEMOMBENR R | A% o ofkE
MWEIR D Z LRI,
F7o. TARRATRUREW EBBIZED 21TECIEONZ < 72 5 L b HiBREE 03t
AOFETHBL TWZbDD, DL OITE Y 7 22— 2B\ T, AR TIT=
NTFY—)b TARNAT R RELIEOMBE, IELARETITAOHBE AL, A
BRI LN -T2 b DD, SO WA RE, LA THBELTT A R
TRUMES LD Z LIZ Ko THEBEMEDN TR, T LIEAENAIRETH 722 &7
FEAbND, aVFS =T A AT RENELS 2D EHBEENEE D . BN
FI7Z BRI TR AN D Z L S PRS2 A, o % < OFTENE H ClIshb MiBbi it gt
TIEarFy—n, TARAT B CRENGEGV EMEGRE OEMITEIN S o7 2 L&
Wt LT, EEARETIZa N F Y —b, T A AT a UEENE W & E & ok
TN D 725 T2, AEIOAF T k3 OFSR SV WBREE AR I 8 72 45
ThoT=DITxt U THLARIIF —RZEM a2 G T 28800 L5 M b o722
b ETYVOBIREIFLARN AR IV b a v TF Y = VRENRE NPT 2 & B

T e, R-ERMEZ AT 2EAEICBNTIEI VT Y = T A RAT 1R
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https://paperpile.com/c/HXpAZa/tIHHD+45tiC

EWD EMOER & OB BEMRAH LN E2RB LTS, 7, e E
FINIZEB W T, 2T Y — 0T A b AT 0 VR BEESCEAE LY b LA
FHEATEI ORI E R & X DERDOTEVED @ SITEAFT 2 D0 Liv7gvy,
ARIOFEFRTIX, D HIREOILE OFEIZ L > TEFOBEIZEN DR H 5008 9 0
LR U720, A B BB &\ o I O BER OFLEEA PERR L & T e iR
BTH D, SV HIREIFIAHETITAHL Y b LRAERGEL O 270 53
Bl b @mholc 2 &b HWEM TIRIERRHNNRZNRE LN o72 L)1
ERPFERITRIORBUCEEL B X TV D ARBENRB X 6D, £, SR
ARECIIME S 7 = 2 a3 10 BHE Eav, Wik 7 = Rk & 7 HBREECAEIET 5 %
IDITN—TEBE LD, HEOHBEREICBIT D R aDBEECMO R a b
DRRMEN B L B 2122 L bEXHND, 4%, fi— S fBERE, FlT3k
Bz T D808 B D,

WL ODDHERIVLEREITR D b OO, 1 EITBW T, FICshD BgREE 04
L TWARWEMTORIO2TEIN aLF V) —b, T A MAT r AL > Tl
SNTWDAEEME, FPBIBREIARE, JEATE CEMAOHEN R x|k

U DFERENN B2 D REMED IR S T,
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F2E xa—t MNEIZRBIT 2HE1TEN L RLE L DOREE

F1E =

Fant b ERFEEZBEDTZON 1L HERITZESb TS (45), *att hofF
%, B FRESEBG LI Z LT, R anBMITELEDL T oWEHEZES>TE MO
ECAEET DL, B FEDOBERBRIAE 7oL ENTWD (46), EBEIZ, BIE
IZBEWTH R aOEEBEARITE FOFEDNRENREENZ R Z L 2T
EbvdHD (7-9).

XaANT oWEL B> T NOAFETAEFET LT THONITE MDD ITHE
DRSS 2NV EDIZHEZ 20, BIRoxaide MDD 2T 5 L O 22 MEE %

Z<FF0, FIZIZEFRaIa=r—3aryThy, XanfEFiFe hepaia=r

—arE LV BT LI LL T D, v — (meow) [E—MKAVIZIZ®
a[FEETIERFETLMEDN RN (A7) . R2IRERIC R > T b e PO ZES]

T 7 F e LTHEMAT S 48), icbfREzHW-ala=r—ra b3
ELTED (49), 2Ia=r—Ta VEZMBICT 2L FioL SN s £ DA
LIRS TV (50-52),

Fro, ZOLHI R FEDMEDY HARAFELEBEL TV ATREMN RIS TV S,
#FhaLF Y — b b MIHT 5 aDKE TITHHEIZA BN - 7228 (53). JRT
aF =l xane FLRILAITENCTAOHE S 2 Z L HESNTWD
(54). RHAFNLEITE MIXT DITEIZFHET 5 L THEZIRIBE L 20 5 5 LB X
bhd, I FOTFTOEFIZ K> TRPaNTF Y —IZEBERELH 2 &
(54), FaLF YV —NIEF TR ATV UL THIE GRbMbLNTE

D, xalt hOMbY LAELETE > THREISN TS ATREER S 5,
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https://paperpile.com/c/HXpAZa/uBbWK
https://paperpile.com/c/HXpAZa/LlzQe+3RwMQ+UKQgv
https://paperpile.com/c/HXpAZa/YXRSr
https://paperpile.com/c/HXpAZa/FVkye
https://paperpile.com/c/HXpAZa/AAapW
https://paperpile.com/c/HXpAZa/bR3ue+VLDMI+tlzGE
https://paperpile.com/c/HXpAZa/z9rmk
https://paperpile.com/c/HXpAZa/4S7Vh
https://paperpile.com/c/HXpAZa/4S7Vh
https://paperpile.com/c/HXpAZa/8Yru7

7o, Kot MIxHT 2SS P EICZ T o b oy R v 7 RBRICE
Brzlb 5 Z EDRNL OO THLMNI > TS (56,57), DI Lk, E
N ERSD D MO TN R R ERIZ 72 5 & TSN D,

ZIZTH2ETIE, & MIXT 232 aDITEINARLEL, B FEEDYIaHTZKHIC
Lo THEI SN TNWDINE I DEMAT HI-DICRranbe h~DOfTE . aLTF Y —

b, TARNATaY, XM UOBEZHALHNCTALIZEAHNE LT,

H2H B HE

1. XNREW

HLIEOERIZBM LR aD 0 1588 (21O Catl6—30; A A 458, A A 11

SH. 200+12.6 » AMlh. Jih 7 = x= 10 90, {R#EMR = 550) ZXRIC L,

2. EBREREE

Wil 7 X237 2D 1LE (8.6 m) | PRIEMEE R = ILFAT K5 Companion Dog
Laboratory ® 1 2 (10 mi) (2 CHEME L7z, fMEICIEX, X2 MRET 2528 IRTE

DX B IBEDY 77 UMI, ARy RRF v v P U —ERE LT,

3. SEBRIEE

1) ATEREH BT AN A T

EBRPOxanbe hA~OITEIZ ST D720, B AT (HDR-AS50R, SONY) 1 &

ERFTRE L, FEAPLECTZHEEITL 9 1A L TRBIZ1T -7,

4. EERITik
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https://paperpile.com/c/HXpAZa/sqj9o+dXU8F

1) FIE

%1 EOERMETICAMEAE L E O M 2TEOERZFZM LI, xaht b
E2WFHIE T L TV HBROITENZ A L7z, 1ZU®IC, RazEZERMEICWIL, BIE
Wiz /T 72 (10~20 53) o BIBAYIRNITFEBRE S EBREEICHEL, X2 2Ty
FanT TR Le, oz o632 ix—EiREL, 57, xaoh
T I L7, 20%, EREVDHEAEL, 2RH, EREFL XN 11 TERIL
2o ZO2MEITIE, EBREITFHEDL LI NV ar TOREEEITV, TS, i
WD, RAFEOFERENO X T~OMD Y IIEEIE LTz, FEREIIIG R 2100 72<

BRI ERSTEZ DD IME2H, k24 ThHoT,

2) ATEfRAT

b hE—HEB I L2, raofTEizEk o 7Y o 7R LTz, ATENT,

ER~DZF Vo (B) , B hERLEYZ 720D (B) | #ih (B) | B

(\D) . A (\)  F7EcmE |B) 5= ) . BBy (5D Z T
L7z, B, 38V CB LTI Strange Situation Test O 2 =27 U > 7 % FLiZ (58), Bl
WM I EBRE N ELRE LZBEO®BBWA 3T | ZTOBRERENHEANE LEO

B2 a7 2R Lz, STEHE L ZOEREZK 61587,

3) RILE PR

BLIETHE L, 7 VT7F=UMiEEIToRPanLF Y —VBE, 7 A MAT 0

PIREE, AFY U UREOVEEMEERERDOR—R T A & LTHEH LT,

B3 HAHENT
FaDt MIXTAERITEIE oL F Y — VEE TARNAT O URE, FFR Ry

VIREE, Hifm, (REHIOMBEZMARD720I2, AT~ ONANAEBEISREZ L L
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7o FRNTICITHEEHEAT Y 7 b (IMP 14.2.0, SAS Institute Inc) Zf# ] L. A& /KUEX

5% & L7,

Haf R

1. FaAOKRNVEREE B M 21TEIOFH B

TARNAT B UAREE RT LS ~OMTEICAOFHBIEM A2 B 720 (KT rs=-
0.459, p=0.085) . % DflAR/LE Y EATEOAERAHBITA S h o 72,

Fo, TR AZRFENFRICBNWT, RIVE P & BT 2 FEiE LT, O
B, ARACBWCT A MAT O U BELE FERIC Y 7 7 ~OMERF (X 4A, rs=-
1.000, p<0.001) . ¥k (X 4B, rs=-1.000, p<0.001) . #V >F[E% (X 4C, rs=

-1.000, p<0.001) & EADFHBIMN I 5 7=,

2. xa0 Ak, KA E e MR 21TEIOFEES

RAEH s & B 7T < ~DOWHAEIZIEDOMHBMEIA 23 2 b7z (3 8, rs=0.562, p=0.057)
£lo, AR - ARETNEITEN T, Rl lin & AHBIMRAT 2 520 L 7228, EHB HITHR

WTHABRMERERIIA NN 2T,

HoH B

Fadt MIT HITENIHR VTS L o TR S, AVE > LITEIO B A 5
o EFRLUE, FACBNTOR, e =BT DMRPELIL. TA AT RS
PRVERIZE B b EDBEAL L eotz, SHIZ, 2aDE MNIXT 51782 b
DB ORBRITEEZ T HNE I NZWLNITHHIZ, Frade e

DY &AM LRI OIREE L 2 5 2 2 OREH v & & MO 21T OFARS £ fi~
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Too TOREFR, REHEDEN, DF0 b FEBEDLY IR DRFHIENE R~
DIHENEL e o7,
TARAT B Y EHSITEOREN A ADHRTHR LN, ZIUIBEB OO
WZEAbDOTIERVWNEEZXLND, FlzIX. 7y bOIE, H4AE 1 HEMEE CIrIm
FINCRMETH Y, BAEIICB T 27 > a7 o O E i X o> TIROREM L, Bk
IERET D, ZORHNCAAMIZR D & fER BITEINT 2 M AT v AKFET 5
Z LS TUV 5 (59-63),
o, X0t MO 2SI DI Z T o b DNy R 7 BICE
BT DT LRV ORI TH LM > TWD (56,57), AWFRIZENT bR
B, DFEVE NEORBDYFAREAENE B RO DEET D K DT KT OWFERE
BINEL ol Z EIXHATIFE L — BT 5, LarL. & O tEE—HRB 0%
BIZE > THATE D Z EHRENTWS (64, 65), McCune DAFFETIE, shh#io e
k& DR E N E WD R Z DR OITENC & OB E G207, 9 LT BRR
RICESTEIELASNDNEWND T EHFNTND, TORBE LT, b MU
B MR DR 3 a2 FE B o b #I b B b & O AW ERRER LA, s
WETRER L7220 723 S RRIE A e A% 2 & R o AR T, L0 B b MOl
DEE MRV DKH b RN o7 (64), ZNHDZ X, b MIXT D4 MEIT
BRI BER & AR B R O 7 I B A Z T H 2 L E R LTS, Lo TARITFER
WZZINT D EEOBIE 2T R b5 Z & T, b O MED IV ERWREZE D AT
REICR D &EEZbND,
o, AEOFEREL LTHM 24, 24088, LIETOFZE T, Bk,
LK D R aDITEN A bl L= & 2 ABEREVRR SN L VI RmiE L H S
(48), ZHhiFt FrHRa~OEDLY NFFEINTHEY, b MUDITEIOEW ST

L THRADE MIHT 2ITEIOEVRBE SN EEX bR TV (48), 4D
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BRICEBWTIEE bR a~OBb 0 IFTEEIE L TV 72O EERE OVER DB H T

WD RTRETEITIR VDS, A% FEBRE DM 2 — L CHEETHIMLERH L THA D,
5z

S
CARENT. REARAZE LD VRO TRE EER LA, RiERIILIATIC b

FEBED o TWEERRMERH D, & b EBDY D 5B 2 10 IR L7 fEE
THEREEWT DULENDDEA D,
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EIE BNHMEELFILVEY, fTEOREE

F1E =

TRCOLAAEDIL, HEALORES 238 L AW EE L, HIcAFRL Tk, Mt
WIFRHLRE L G TE EOER R RE, BRI EL 52 5, M—Bihe JiTn
5. W EIBOMAERNPFEET 2, BNMEIT, FEOHSMala=r—3 3 i
AWBNDECFENY 7T N EAER LT Y (66-69), 18 EOMRRICEBEREL 5 2
(70-72) . ZOMER, EEOHERANTEINCZEZ 525, BHPMEHEREIZ /R
DIRFED—DITAHRIVE INET biv, BRI AT 2 R, BHEEAICEE L
HEATEI 22 b S ¥ 5, BT, IEPRHIEIS HPA Bl (73, 74)X° HPG i (75)IC K& 72
WL H 2%, IDICHEITOEIEETIE, BAMEESTER FHHb04 % b
SYWEFET D L TIEEOHAME LI ED Z LR LT TN D
(76).
F AT ARSI RRE A L, BRH RSN D, EREmE
FESE2 L, BRESVE SN, EEMEIXMEN RSO TREESE 0 . MAE
WOBPMERmED (77-80), £AREHIZENTH, O AN EOWBEL R
R, Be o, nB L, L&, gt oEIRR & OITENT X o THT
ENDZ BB D, BEEHEOGNMEEORERIIASN =~ — & OB
Lo CTHBNMBEMEES NS Z L ME SN TS (26,81,82), £7-, Fr v v—
TiE, EEM O EEAPEEDBNMEEOE NS LR Ry U —27 1
T DEERNED M T A EET 5 (83), S HIT, v h 7 WILOEMERS L L%
T, AEAMED EWMERIE £ Faecalibacterium 2385 (ZfFET D2 H Y (84). BN

HMESHEEMEEZE (LS ERIZ R > T2 TIH RN EBEZ BN TS (85, 86),
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FAIRHBCOBE T, FTo W LN EFITHFET S FOLFEE L WO Hilia=
v F e FICANT (87), FRUTBNTH, WIS mEE TEET 2% 2TBRMOE

Wz b MTIRIF LTS (10), DX 5 REEEFRZMRFE L L REOZLIZGNA

BB

HEDEE HT-6T (88), £/, BHEHNEE R L 2 A TIIEIRF O HHENS M E D |
HAREE, LR L2 LT, MEAERH T EHEIND Z LR TFRIND, ZOM
B DILFZ I LTS MED EANE U WRENRE R bivd, £ 2 TH 3 ETIEL,
FAZBT HDHEATEHIBNMEIC L > THEi S TV L0 E S MhER LRI T ST
DIZ, 1. HRHIE & AVE OB, 2. BRME &S TEIOMEE. 3. IBPHME

DIV & ERE O E/EH OB ZHE T2 2 L2 A E LT,

B2 HEEHE

1. xtRE;Y
FBLEIIZMLEFELI-370—TD55L, EBEINTX L 8HOT—X 2 LT

(%1 ;Cat5,6,8,11—15) , FEOEEUZ DWW TIEE 91T T,

2. EBRGIE

1) FEHI

F 17 N—7 T, PEER 3 RFMLINICHEME 28I L 4°COMmRE CRE L7k, 24
RFEILAPNIZ 7 ) B — L X by 712 L, -80°COMMEE TIHRE LTz, %2, 3 71—
7 TIE. HEE 15 45 LAPICIRE AR A2 IV TR 1.0g O 2@ A FRE L. £ D%, 1.0mL
DY EEREE AR AR L 20mL O 7Yt o — L& RE LTREED A 572 16mL F =
— WA, PTHREZRWTEMR Lz, ZD%, -80°CICTHRE LTz, TDk, HE25

mm DAL — X e ANT=F 2 — 712 EE 2B L, MASHADHEINI BT
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NI 2 ot LTc, EOMMERt L2 Bl Lo L 2 0ABELARIL, HEY
YTIL 8RR DB DERILE LT, B D BRTGIEZ W TZA, O PO D22
SUTHRAL TR WER Sy 2 BRICT DR Y . PRIUFRE G N 2 D LRy 2K 2 0 Z &

T72 <0 AU T OMA G HNMEEOMAZZE 2 D Z &3> 72(89),

2) 16S rRNA B st

MPure Bacterial DNA Extraction Kit (MP Bio) % VT, ¥k L7230k & DNA % it
L7=, =Dk, #liH L7- DNA %R D2 % Synergy H1 (BioTek) & QuantiFluor dsDNA
System Z{iH L CHIEE L7z, 74 7 7 VU —Ii% 2 BtBED tailed PCR 5% FWCIERIL
72, 16S ribosomal RNA (rRNA)i& /s 7- 0 V3-V4 il 2 PCR THElE L7=, 1[8]H® PCR
T, 1.0ul ® 10XEx Buffer, 0.8 ul @ deoxynucleotide Triphosphates (ANTPs, 2.5 mM
each), 0.5 ul ® Forward primer (10 uM), 0.5 ul ® Forward primer (10 uM), 0.5ul @
Reverse primer (10 uM), 2.0ul @ Template DNA (0.5 ng/ul), 0.1ul @ ExTagHS
(TakKaRa) (5 Ulul) 3 LY 5.1ul DA A K847k (DDW)Z RN L CIER 2 s L,
1.2 ul @ 10XEx Buffer Z 12 T PCR #1772, 16S Amplicon PCR Forward Primer (5'-
ACACTCTTTCCCTACGACGCTTCCGATCT-NNNNN- CCTACGGNGGCWGCAG-3') &
16S Amplicon PCR Reverse Primer (5-GTGACTGAGTTCAGACGTGCTTCCGATCT-
NNNNN-GACTACHVGGTATCTAATCC-3") Zffifl L7=, PCR g%, 94°CT 2 53fH
TAHZENE L, 94°CT 30 £, 55°CT 30 #, 72°CT 30 #, 72°CT 5 M DKk %z
30 Y1 7 W17 -7z, PCR E#IEL AMPure XP beads (BECKMAN COULTER) % fVCTHE
¥rL7-, 281 H® PCR & ClE, 10XEx Buffer 1.0 ul, dNTPs 0.8 ul (2.5 mM each),
Forward Primer 0.5 ul (10 uM), Reverse Primer 0.5 ul (10 uM), 2.0 ul of PCR product (max
5ng/ul), 0.1lul of ExTaqHS (TaKaRa) (5 U/ul) & 5.1 10of DDW % il 2 7= A sl <

72, 16S Amplicon PCR Forward Primer (5'-AATGATACGCGACCGAGATCTAC-Index2-

34


https://paperpile.com/c/HXpAZa/gq0LH

ACACTCTCCCTACGACGC-3') & 16S Amplicon PCR Reverse Primer (5'-
CAAGCAGAAGACGGCATACGAGAT-Index1-GTGACTGGAGTTCAGACGTG-3") % fifi
M L7z, PCRIEIEIL, 94°CC 2 D PN L | 94°CT 30 £, 60°CC 30 f, 72°C
T30 D 10 %A 7 VATV, BfEHIIT 72°CT 5 [k S 72, PCR ML
AMPure XP beads (BECKMAN COULTER) % W C¥E L7z,

KRS Ai%. 1llumina MiSeq System (lllumina Inc., San Diego, CA, USA) % >
THEIIRE STz, U — N4k 428,762 A (53,595+4589) %457, Fastx toolkit @
fastq_barcode_spliltter Z JHV T, BeHIBHAGEEADME L2 7T A ~— L BRI —FT 5
FoFID A Al Ui, s S 7=fisl o7 7 A ~—fdF 2 HIBR L1, &0, sickle >
— /L% TRV RS 20 AR ORI A HIBR L, 150 HEELLU T DA & 2 D~ 7 FA %
BEFE LT, WBET7 A NZ ) 7 EER LIRS O~ — i, XT = Rv—U R
U7 N FLASH il LT, ==Y & FE, ~—Y Wik 420 505, U — Rt &
% 280 ik, /A —A"—=T v T RAEIWOBIEE LTc, T RXTOT 4 F ) v 7 % idi
L72EdFi%, usearch @ uchime 7 /L= U XL ZHWTH A T OFEAfZE Lz, /1
LT — 2 X=X, 8EM~A 7 a3 A 4 — AT QIIME 125 415 Greengene
D 97%0TU T, F A T LHE SR o BT T L. £ 0% O IcfEH
L7=. QUME fEHTIcfE T L7z Y — R¥iE 224,878 (28,110+1764) Tdh -7, MHPNHNE
DEVER S HEEEAL T & 5 Operational Taxonomic Unit(OTU) DYERY & R#tHEE X, QIIME
U= 7n—=27 V7 e, V77 LR, BTONTA—=L%T 7 4/b h
OIRREICERE L CEM Lz, £72. 4% OTU ORI 2B % T hiffils 2 5 L C

UniFrac FERfEZ R H L, EEFESHT (Principle Coordinate Analysis: PCoA) % 31T L7z,

H3H WEEHRLT
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BNMERE L aLF Y —L, TARNRTRY, XY N U OWEELORRER~<S
722, BENHERE D PCoA & &7V R O FRBAfENT % Spearman DB AH BEFREL
ERWTHER LTz, £7o. BNME & EITEIOBREZ TS 72010, IBNHEE O
PCOA & % (29" HATEN O AR BEFAT 2 Spearman D JENFHBAFRE A VT 306 L 7=,

S I, WM OB &k 2[Rl L ORMSEE ORISR 2~ D 7201, EPATE

BB

= O EEFEIE T & % weighted UniFrac FREfE & ¢ =129 5178) & OFHEI 4 Spearman

DINERLAR AR E 2 FH TR~ T,

BAH R

1. BBNAEEHE & A VE IR O R

PCoA4 LA F > h v (rs=0.762,p=0.028) . PCoAl & = /L F Y —/L (r1s=0.738, p=

0.037) (CIEQMHBNR A BT (K8) .

2. MR & A TEI O RS

PCoA2 & #fili4T8) (rs=0.857, p=0.007) . PCoA3 & BIFNAYZ2#EfihfTE) (rs=0.810, p=
0.015) . BFLF LIV —I 7 (%#) (rs=0.802,p=0.017) I[ZIEDOHERAZ LI

776

3. FaEOREASEIE & UniFrac BREEOFH B

W OREARAEE & G E  OFERUE OBRE R D 72012, ZOEIKMIZEBT 2
ITENBEE & M35 O UniFrac BEBEO MBI 2 ik L7z, ZO#ES. UniFrac BEBEE X v K
DI (rs=-0.679, p<0.001) . MEAKRDOND Xy F~DRA (rs=-0.395, p=

0.037) . BV E (1s=-0.446, p=0.018) (T DMBIANT BT,
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IR LTERERIIFEL-3 7V —T D 8HHDOERTHY ., HL4—6 T N—T DT —X

EEVTEHITIR B AR TETH D,

BS5H BE

BIRFRLCO 8 HHADINTHE R A L 0D & BNMEOHRER A X hvr, an
F—=v. IR OSSR & BRI TEIC R A A | BN R S e, E Tz
Ny FOFEFOMEREDOND Ry RADRF A, BV E & UniFrac FEEEIZ A OFHBI A
BT,

WA 23 AR VE v & FEAE UBMICVER LA TE A RET. & L < IZPHasisRIC /R
LthATE 2d8i 2 L PR L., BRME L A FT Fov . aF Y — LITHBR
FEHHNI LM, FATEBNTHENMEILERE, b L IR T TR
WIEHLINODERNAVE U ZEAL TWDLHENEZOND, EBNME & BT
B, BB EATE, AELEL I —I 0y (ZH) ICEOMMBRR LN, =
AUTGNARE 2SR ATEN 2308 L TV D rTREME, b L < I3t i e & oM AR
RV GBRNME MRS 2 2 LI X0 MEBDSEEINT 2 TR R ST, ARLE
v EFBAD B BV IBNAR T % O EESR (PCoA) & AES1TE) & FHRI O A BTz N
ME#ED PCOANRR D LD THoT-Z e D, ZORMPEOMPUITIEEICITH) & T
HY ., EBET—F OB AEBENZICHEESR LT IO,

F7o. IBNHIERE O UniFrac BEEE & BRI TENC XA OMBIN A H 72 Z & 1%, UniFrac
PEAEAS /N S < PR B O RERAMEL TN D BRI 03 SR 2 b L < g
FlBE B 23 2 MEHARTR] 13 E N ORI TV D Z L A ERT D, ZORER
X, BARERNZ I T D4EflsE R &AL OB 2 i~ e T & — Bt 5 (26, 81-
83), HEMNDOKEE DN FITHIE L B X I 2 OESRSCHEY LI OREYYE S FEHE O 5y
filt75 & DEFEIZ & o TRAIRZR 2 T RWAEN &L RSN OIEa 7 e D2
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BEIZOW TR L7290 5 5 (90), Z DOWFFETIX, FEa 7 RMUEM DIRRED L 0 4

R EARH D4

g

ST DA TR, a7 IEa TG OWMEM IS
FOFR A A & B L7, (ERR CIBNMIE 22 s Ld 9 Z & T, L0 2R
PRATAHZENTE, BEOESED LR Z 70T ARENExbNb, Bied
BME RN a vy a U AZO 2 SEMERHE LR T, ALEWEESTH
THFZ2 R FITRINT 5 2 LRI NTWD (68), ZAUFENMIEDEAT L7
THEVREELTVDLIOTIHRNWNEEXLNTEY (68)., BHNMEOHELIN T =
2EY, DOFVEAVOHELIE AL L, AR RSEIEND Z LA RE LT

Do T D& D RN OFELLAMERR O BMRIESEM OREHRIZ ED L 5 B b x b

ZOTMNIELELERATHY, SHROBETH S,

38


https://paperpile.com/c/HXpAZa/Qym7r
https://paperpile.com/c/HXpAZa/FSaU5
https://paperpile.com/c/HXpAZa/FSaU5

WEEE

ABFFETIEL, 2 OHDATENHRLE U OBNMEIC L - TRETSH TW0 D0 E 5 H
W ONTT D720, AT IBAMEE R 2 O-SITENCEER A BN E
IMMEH LETHENLE S E X AMOESATHORME, H2ETHRLE L MIHT
DATEI O, 3 B THENME & ALE L, HETEIOME AT LT,
ZORER, 1. PV HIBREEN I STV R WERM TIX, arF Y — TARRT
7 RE A BRIt O R 2 L DS AR S D A ME S R S, E iz
TARNAT B RENEVERIZE NERET D L O RERIZH -T2 & 2. YD iER
B e U AR TITBRAM R EBRIDER S L, A F 2 by URED & & AR TE)
MWEL D Z e —H B M 21T IZBWTT A MAT B U035
BEGZ25HZL, B NEBDVBOLIRFHIN RO MIXT 21TENCRELY 525
ATREME. 3. IBPIE O ER L RO 2L F Y — v, X v - EEMTE
RIEICEENH D Z L 4. B R & OEEARIEEE 0 v MEATR 1 o0 5 P B AR
THZEBNRENT,

AL T NT S —LRT A NAT B Y BEW SO 2 & O E/ERNED Lz
D, b NEOBEDY ZBET DMEMMAED S S, Bix RETHRICB N T
F =T A AT B U RE & BEMECEIRMEAE < 20 . ERICH L CEA
T2 W EERTHATHRIC TS0 TH D (11-19), F7o. S HigREOH,
ADOARMEIZ L > THRHIOBEN R Y | DR 2 IF 9 5 LMY 2R R H 2N R
INAFT T EEMITENCIEDFEEN A LTz, PP HIEREOAEE N EED
D ZBAT ORI S Lo lo, BRERMERNZMEEROESTENCREL 52528 b
TREEINTZZ LMD, BILVEV VAT AE W AR, ik s by &

S TR ERN B R 2 OEATINIRE R E L HEAL L EBEAOND,
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FIoRNVE  EHBTEIOBMRITIIEICIR b, #ESATEIOFEIZ L - TILIERIE
BICTFHENDSE b D, BIZITLT Lo Z A7 T 1E GC LEE L IERTE IR IC &
D, GCRENHTETHERT T THLAT L Z AT TR L, TRED GC REN
KO DT VANV TRAELD (91), Zv— > 77 EOBMFTENC BT
HIERIEBIFRIC B D WREME VR SN TV D (91), RILE L EITENOBMR 2 A 2 B
WZIEH e DB DO A2 53, IEMBIC THI SN D AR L BE T RETH D,
WIZ, BB VE | FERATENSE B % 52 5 ATRE D R S L7z, AR
BWTIE, FEMAMEROMTIZFM L T e, T2, X032 I O iR
WrAFREICT 2D+ 07 — 2 B afihT 52 & T, MEfELE RLE, HR1TE)
DOFEZH LI L TV RERNH D, £7o, ERMOBEAMITEINZWVEIRR L2 &
BRI EBIL TV D 2 EDVRENTZ, ZORRITHARERZIBIT 52 BREHONG
WM % EATEN DM R A X FFT 2 D Th 5 (26, 81-83), A& IR w5 FLL4
L2 LI Ko TR OBRIEIC ED K 9 R A 52 20E T 5 2 & T, IHHH
HHEPEET 2 2 L OHESHRERDPALNIRLTHA I,

ST, AW AEL T, RINCHRRITHEBRRICEEL LD TH D, FLELD
B G- X 2 1TEV O AN 8 O 5T K 2R VE D&, 2T
B, EARRE ORISR D 2L 2 AT 5 EIEFZEIC L 0 . IBNMIE — R LE v —1TEID
BIEA KV BRIZ/ D ThH A 5, AEIOWFRILR 2 DFSATEIO R /VE RN
IZ X DTN OWORBI 2SI E 508, 22 OBNME — A vEr —178), F
TSR ERO#EZ R T EERERTH D, Fib Lo AT LN O#
G e EOFEFEFZEOFEMIZ LV | EHIZI T DHSATEN D AL MG P R

WL THREIENTWAZ EEZHLEMNITE D Z 2T 5,
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KW FRZFTT DD VIIEFICEL OESEHTNO THEE, ZHhaho £ Lk,
FAZ G| 2T T W TR PN TEE Y A IE 2 DA KGR BRI, RO S
RS ERRICE D £ THMERKICDH T THREWZEE £ L, BIELZG &2 Tz
IENTE AR PR AR E OB R E WL R A EHEE PRI EE OSSR —FHBoRIIE, &
WIEDONFIZE L TE R 2 ZHEEZHY £ L-, £/, KFENMEEFIIIEE O KiE#SE
TR ARSI, AW DOEIT %2 5 ORI o7 - THER W ZHRE,
THIEEWEEEE L, 20520 LTREEHILE L BT ET,

FTB KD THIIN TR EE Lz T2 AUEIEOR ) B, TVELCAT| k&, AF5EE1TH k
TIEW 2 & & LIRS EBY F TR ORI R BV LET,

wZIC, BREIMICDO 274 EEZ &I < BAF D . X2 TS AV FEIEIT 0D B

7~-LET,

2022 4E3 H

T O
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