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A7 Latx 2 e

&l ofo| 3 240 Z(gut microbiome)2 &oll EXfst= 0|d=E & 0| XL = R A (genome)2

et E dZAS. Aol AMAlst= ticke o|ME2 347 (commensal microorganism) 2 244

3ol dMdI ALSE FXlots O 52st Jet2 st X2 B E. n|d4E52 oM

e = gl AL 22 MAstAL "Weldel a2 A ste § =Fol7 o282 &1t

2ol= ®<d(beneficial microorganism)zl 2td =740 w2l HYAM S LIEI= 75l
A

0| XIM|CH Y74

2 HEst=o w2l 2tEE A7t

_I_

e VA = 11

(pathobiont) 22 F&E&. 0|5 0|20 3o MSE
24 7|9 (NGS; Next Generation Sequencing)2|l && e
MAXMc =z ofe s A=l AS.

ATt 5255 oo =2Hlo| S0l cfeh elAo] HX 2 ZSLM0| el™xo{ 2 154 MEH
o F7t7F =M ALAL S Sl =Oiy Ix Z2HEE MHst¥ D, A2 21 X3

Fe=lof nlo|Z=HO|E ATFE T

CHEAQl X olo|3Z2Hiolg I Z2ME= o|= I EZA(NIH; National Institutes of
Health)ollA F=2t5t o1& ofo|3Z 2HIo| =2 E(HMP; Human Microbiome Project)2t &
TZ7HEE SR =ZE = ADAGAAM Fast olzb EH M ERH = (MetaHIT;
Metagenomics of the Human Intestinal Tract) Z2XMEJ} IS, Lol = O}lo| 3 ZH}O|Z0fl
st 5ME olAlstn ofgf FxXe ZIUSH HE S Sall o] AIFEE FASH 8F JALD ‘=7t
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£okg)

East Respiratory Syndrome, MERS), X|ZtHi0|HAZHEE | ofZ2|Ft=fX|gH  =/F=2Z, Z 2L}
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1% Ayne| M2y elof HE o ol W2 AR oo Llorsy mia(uiple] oo
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- MAEB () HET L Fdof|- £ €Y d (2, 2E FY)
el &= 359 2 ofojAZ| of wE FHo|MEZE Ao g
Hio| & 24 72 ojME w2z
HX|, 2 7He - MASE(=HX])e| e AI(PCV2b)

2R} Hnzae| M2t HEo w2t +FE a8 0| Al o x A
A TS fls A EELT = cEeE
(2019) | & oto|A2uto|F |- HAS=0H)2 Zee| 770l W2t_ wiayy=2())e Ha S o=
=4 FE JI5E FU otolIA=2EH xy ojMEIRE 2A
olg 24
- g E2(H)e Bao| mE Fyj- HHSE0N THREZS X
AE 57 7| EfE )0l w2 FIF AR EHE
- AR SE(D)olM 22lgh Y |- AHAESE(D)M FEE RE
A, 2, Ko o4& T /A /O AR oY Eo RHAM 2 EMS 6
3t nzate| M2t HE gH gl 5= E4 3 oy 24
q = =~2l=2 9|5t —_ H =e=a o] A Xl 5} gl
(2020) | &4 oto|AZ2Hl0|IZ oty ol o o x| € e g0l mE I
oy 71eb 2B )| 720l w2} F=FE Olo| 2 HI0|S HA 91 o ALK
J54E ¥ otolazdlolE 24 = e
X zeto| AfmtatA &4
- 20M  22lE /8 olME(L

o

LolM 22l ojME Mg o ==
E; -glyut nlwi robiotaliHi*? amylovorus 1394N20 M 22 Ssi
HX|, & JTHe| <= < gut microbiota XA =0l

4%t dzze| et - HAS=(FHK)2 WA (PCV2Db)

L= SRS flet |- AUSB(HR)S  WA(PCV2b)| HBol we F oto| Iz uto| 2t
(2021) | Zuh olo|3zutolS | HE 2 HH(SAY TN YN X Eo| ABA 24
24 et SEE IEY T 0jo| A2 |- MRS S(HR) WY (54N
slol g #A 3ol e Fu) atol22Htol S
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—_
1) el7as Ao
(1) 3™ AFI|erMd T}
7F. Gut microbiota =S &¢ $H2 SolX| MAISS| of & 3 zig|

A E2(2)2 o el ) =
1-1, 2o MAL K2 o Yol mE XO|E HeIs| A AR T HEY

W old4==Fol olx

on T

Z0oX|o| MAL BM| 750l wZE xfo|E Eel5||

ot |Btof 25t Alefoll w2t MAH 2 MAF Sotx 2
TESID, U U MABA R0 mE oS el

o] YETHAof e XtolE &elsty| 95t dEoez FEeh

= = AEl Age (day) HAL B AET =i
1-10 Normal(1-10) 5
Solid/Semi-solid 11-20 Normal Normal(11-20) 4
MAL 7 & 21-30 Normal(21-30) 5
2 oUH 1-10 Diarrhea(1-10) 3
Loose/Watery 11-20 Diarrhea Diarrhea(11-20) 5
21-30 Diarrhea(21-30) 3
30-60 Month 1 17
== Solid/Semi-solid 12;:230 Normal mzztg 5 12
= 360 Month 36 7
A 73

1

2, 20| MAF R 2 U0l T XO|E Helsh| 2% FUHOIYSDE A Wy

DNA extraction kit (FastDNA SPIN Kit for Soil, MP BIO)E 0|&3510f 2t A EZ5E DNAE F&8
EHOZEE DNA F£& % BAE library MZSIAS.

Zl DNAOIAl 16S rRNA SHXte| V3/V4 FH 2 SZ517| 25101 bacteria® Z210|H (primer) &

1X} PCR =& A| bacteria® Z2}0|H= Nextera concensus—Sequencing adaptor-Target sequences
AUS. LTYE =Z2l0|H(forward primer) 341F A|Z A= 5-TCGTCGGCAGCGTCAGATGTGTA
~TAAGAGACAGCCTACGGGNGGCWGCAG-3", 2|t =Z20|H(reverse primer) 805R AlZ A& &
~GTCTCGTGGGCTCGGAGATGTGTATAAGAGACAGGACTACHVGGGTATCTAATCC-3'0|04, 2X} PCR
THA| MESES FE2/5H| 215101 lllumina index i5 S502 (AATGATACGGCGACCACCGAGATCTACACC
-TCTCTATTCGTCGGCAGCGTC)2} i7index i7 N701 (CAAGCAGAAGACGGCATACGAGATTCGCCTTGT
-CTCGTGGGCTCGG)e =&z MEE2 =22lst7| 2Isto] ALSE.
S 28-S (polymerase chain reaction)2 PTC-200 Peltier thermal cycler (MJ Research,
Waltham, MA)E 0|33sto{ F=8g Z== PCR &H=2 QIAquick PCR Purification Kit (Qiagen,
Valencia, CA)E 0|&3t0{ Mstnd, A= DNASl HZF2 QuantiTM PicoGreen dsDNA Assay Kit
(Invitrogen, Carlsbad, CA)2t TBS-380 Mini Fluorometer (Turner BioSystems, Sunnyvale, CA)E 0|&35}0
A PCR MES M7|YSst0{ Mol Zo[7t 300 bp O|Ate| DNAE MEHEH DNA thHel Zo|E
Agilent 2100 Bioanalyzer (Agilent Technologies, Santa Clara, CA, USA)E 0|23}0{ x| &telst

_10_



- MiSeq2 &#&%t sequencing =& ¥ ME
- HHE PCR &H=2| NGS &2 Chunlab2

5104

Sl 5j0f,

llluminaAt2| MiSeq &H|E AM2Et

NGS ZtZ Ao{Zl .":.:‘7|H°Ed% BIOIPLUS software (ChunLab Inc., Seoul, Republic of Korea) 2 CL

— =
community (ChunLab Inc.)& 0|23t Taxonomic composition, a—diversity, B—diversity, LEfSe 241
25l 5t
O = -
— Rarefaction =4 245 E¢F sequencing quality &2l.
1-3. StR&otx|e] MAI BAH 5 % H Xtolof ut2 Fjo|MEE Hst
- SFS0lX| 298 AlZ 2550 35101 quality filtering &, & 695,375 sequence readsS EHESIF 20,
SolX|E HHaXMo=z 30,234 sequence reads=S EESHHQ| 21,164~42,818, 18 1).
Rarefaction curve
700
650 T
00 o d -
550 _/-/'/
500 ",//
450 //’
w 400 // —
E 350 //x - —_
300 /.—”
250 4,/' =
200 // ; -
150 ./ - —
2,000 4000 6000 8000 10000 12000 14,000 16,000 18000 20,000 22000 24,000 26000 28,000 30,000 32000 34000 36000 38000 40,000 42000 44,000
Reads
a8 1. $HRE0okX| 28 2| rarefaction curve
1-4, HH HAlL SM 750 w2 ZHo/d=7E HEl
- ¢t HolX|el & L MAL {50l W= g-diversity —'?’—’5‘ A1} richness X|$=2l Ace, Chao-1,
JackKnifedll M= Xt0|& HOIX| &toL} evenness X2l SimpsonZt ShannontllM= 21-30L& 9|
Normalz2} 1-102 & 2| Diarrheam2| Simson X|£=2} Shannon X|F=7} Re|dMo=2 Xt0|7F LIEH
(O 2).
800 800 ACE 800 CFast
600 % 800 é 200
" 2
E 440 '|' ? 400 -‘V % 400 -"
z g
200 T T 9 20 T i T B gg _T___ i I
o u o |
Age(day) 110 11-20 21-30 1-10 11-20 21-30 Age(day) 110 11-20 21-30 110 11-20 21-30 Age(day) 110 11-20 2130 1-10 14-20 21-30
Normal Diarrhea Normal Diarrhea Normal Diarrhea
800 JackKnife o Simpson s Shannon
3 % 08 ] x 4 a
g = g T = :
> > 06 2 3 T ab  ab
‘n 400 ‘w ab ‘i
s T S o4 b L g 2 | _T_
g L g b g
T i 0 i’ |
L] 0.0 L]
Age (day) 110 11-20 21-30 1-10 11-20 21-30 Age(day) 110 11-20 21-30 1-10 11-20 21-30 Age (day) 1-10 11-20 21-30 1-10 11-20 21-30
Normal Diarrhea Normal Diarrhea Normal Diarrhea
ad Azl MAF ZM F520l wE g-Diversity &4

- 11



- ot Sotx|el dAt FFo w2 EFoA = B-Diversity 242 et & 7+ oM EZE EAMS
Algish A3l MALSe| flel#Ql rotavirus, coccidium, corona virus 0| ZITHE JHAoM = Hab 25
SotX[et Xt0| & Hol= A= LIEtE. ™ol 1~10¢ o|Lfe| Hat SotX|= MAL SolX|et Az (A
xfo|7t Firke Aoz LEHEH (' 3).

r Mormal (1 day)
Principal coordinates analysis I T Diarrhea (14 day, +rotavirus)
— =t Diarrhea (15 day, +rotavirus)
—~ L Diarrhea (10 day)
Sday  10day [ * Marmal (4 day)
Ty 4 coucidium [ Mormal (13 day)
21day - 13day [ 304y r 1 I Diarrhea (10 day)
ity 5 +Rotavirus [ — D@arrhea(SUday‘ +coccidium)
e — e Diarrhea (6 dav)
frice ,,.ﬂ—-"*"'{,{‘;a;_/_ Y ot day . Mormal (5 day)
" = | [t Diarthea (20 day, +corona)
| 10.day 13 day 12.day 1 1 Marmal (27 day)
‘ 6day +1 Naormal (27 day)
30day & / Diarrhea (30 day, + coccidium)
+ Coccidium / M 1{G d:
R e gl Di%r?hizafﬁ A Bcdl}ay}
sday = e | AL Normal (12 day)
s i L Normal (6 dav)
isithed - | —— Nomaisay
i o ——— 1. Mormal (15 dav)
e U9 Mormal (26 day)
| 1L Diarrhea (21 day, +corona)
Diarrhea (14 day, +rotavirus}
Narmal (24 day)
Nomal @ Diarrhza
015

O8 3. dFEH MAL BH FFo w2 p-diversity 4. H &S 0K (Normal), A AFSOX|(Diarrhea).

- Taxonomic composition #418 &3l phylum T=ZF0lA = Zte| relative abundanceE H|1 24A{st
Z3t, MAb Zabof wat 1~102 &0l Firmicutese| 7+ ¥ Proteobacteria®l Zfax, 11~20 &0l A
Firmicutese| Zt2~ 2! Proteobacteriall S7t7+ Eolut 7 A xto|7t 3 A LiEtof w2t el & el
Atol= Eolx| L2(Od 4).

100+
D

33 so0
cc
S

£ o 604
3o
2n

@ ©™ 404
=
-l

<5 20
e

0_

Age (day) 1-10 11-20 21-30 1-10 11-20 21-30
Normal Diarrhea
O8 4. dHH MAL SM 750 w2 phylum F=Fo|A 2| Taxonomic composition &4,
Hab&otx|(Normal) & MALS obX|(Diarrhea)

- LEfSe 2A0M & ! MALS 750l w2l LDA score 2.0 =1} Zlo| =0l Cisto] genus =AM
A M, 1~10dE e Ma F 5+ SoX|oM= Xo|E Hol= &l n|M=2 gilz. 11~202d
S 21~302He| SofX|o|M xto|E LIEH = Fiuf n|MEF2 FA SokX| 11~20LHollAM Prevotella,
Lachnospiraceae_uc, M& SolX| 21~30L&HOIM  Blautia, Provotellaceae, Muribaculaceae,

Christensenellaceae, Catenella, A2A}
Enterobacteriaceae, Escherichia, Proteobacteria,
LIEFEH (O™ 5).

MAH ZOfA| 21

EolX| 11~20YHOlA Enterobacterales, Gammapfoz‘eobacfef/a
~30L=HollM Doreaz &

13822
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Blautia
Frovoteliacear
Munbaculacese
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Prevotella
Lacrmosparacean uc
Dores

Catgratia
Enterabacieraled
Gammaprotechactena
Entevchacteriaceas

Eschengiaa

Proteobadtens

(=
(=]
L=
=2}

2 3 4
LDA SCORE (log 10)
(B)
. B a: Muribaculaceae
I Diarrhea_11-20 B b Prevotella
I Diarrhea_21-30 B c: Prevotellaceae
& B d: Christensenellaceae
Il Normal_11-20 d m -
HE Normal_21-30 4 B f: Catonella
Il g: Dorea
H h: Lachnospiraceae_uc
I i Escherichia
I j: Enterobacteriaceae
I k: Enterobacterales

&
5
&
&
g
3
xﬂ"‘&oz
)
o

a8 5. dEE HAL SM RF0ll @E genus TEOA L LefSe &4

1-5. AAl SA| RFof wE ZHio|METE HE|

- MAL SM F20ll w2t MAF SobX|(Normal)2F A &obX|(Diarrhea) 2 235101 ME2AEH(E 6).
SH SofX|e| MAL BM| 7Rl UE a—diversity 24 Z2} richness X|5=2l ACE, Chaol, JackKnifeol|lAd
MAF SACZ 2510 ZAsk= HEs ERX|TH Rel&Ql XIo|E HO|X| &US. Evenness X|F0lM= AA}
=

Zalol| w2t Simpson X|=2] 7} 2 Shannon X|=2| 2t} LIEFEHTE 6).

M
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= 3004 = -
2 2 o4 2 2] |
2 2004 o 2
@ @ @
& 2 0.2 2 14
o 1004 [=) ! Q
0- 0.0- 0-
Normal Diarrhea Normal Diarrhea Normal Diarrhea

a8 6. SHRE0MX| MAL SM F5Fd W2 o-Diversity &4

— Taxonomic composition 2412 &3l phylum ==0llA = Z+2| relative abundanceZ Bl At A1}
Proteobacteria &7 2 Bacteroidetes, Actinobacteria Z4& H(2& 7).

(A) (B)

100

=
t=1

I Firmicutes

M Protecbacteria

I Bacteroidetes

M Actinobacteria
ETC

= =
=1 =3

Relative abundance
(% of total sequences)
s

.
=
Relative abundance
(% of total sequences)

r2
S

0
Age(day) 1 4 5 6 & 12 13 13 15 24 25 26 27 28 6 10 10 14 14 15 16 20 21 30 30

o

Normal Diarrhea

Normal Diarrhea

O3 7. 39 &olX| MAL SH 2ol WE phylum F=FoA2 (A) 7JHAEH, (B) MAIS

Taxonomic composition =49,

=
4o
nE

- SHAD|ME THT MES 2|5 species T==0IIM LEfSe A2 $alish Aot MABAM 520l w2 Phylum ==0i1A

A

3&(Actinobacteria, Acidobacteria, Chloroflexi), Class M 35(Solibacteres, Acidimicrobiia, Tissierellia),
Order s=Z0i|lA1 85(Corynebacteriales, Micrococcales, Staphylococcaceae, Xanthomonadales, Streptomycetales,
Acidimicrobiales, Rhizobiales, Tissierellales), Family ==Z=0ilA1 15&(Ruminococcaceae, Lachnospiraceae,
Muribaculaceae, Corynebacteriaceae, Rnizobiaceae, Xanthomonadaceae, Streptomycetaceae, Burkholderiaceae,
Ralstonia_f, Devosia_f, Nocardiopsaceae, Peptoniphilaceae, Carnobacteriaceae,  Tissierellaceae,
Phyllobacteriaceae), Genus FZOlIlM 31&(Faecalibacterium, Blautia, Subdoligranulum, Collinsella, Dorea,
Rurminococcus_g4, Ruminococcus g2, Paludicola, Faecalicatena, Clostridium, Clostridium_g35,
Conynebacterium,  Froteiniphilum,  Aquamicrobium, Clostridium_g8,  Lysinibacillus, Arthrobacter, Extibacter,
Hungatella,  Nifratireductor, — Streptomyces, — Sporosarcina,  Aliicoccus, — Paraburkholderia,  Leucobacter,

Pelagibacterium, Ralstonia, Nocardiopsis, Carvophanon, Tissierella, Paralkalibacillus)0l X[01E LIEII(ZOE! 8).
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arean
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Doreg fot w“mm- B 5+ Carmchactanacoss
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minoEote

Cuﬂmseﬂiierofiiz I?‘SEHE
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: i il B o Wecansopaceas
Faecalibacterium praus, 20l roug e _,n &
i v it
AChNCSpsraceae B o Ar2aanen g
WG B AR 4
il B ¢ Munhaculacra PR

LDA score (log 10) Wt Lachnospracess_ Gt

b7 rACOG0LOA 5

a8 8. B 0otX| MAL SM RFol L2 species =9

— Species F=o|M FHASORX|OM ZSIVEl= 11E(Faecalibacterium  prausnitzii group, Gemmiger

formicilis group, Collinsella aerofaciens group, Dorea formicigenerans, Blautia luti, Ruminococcus
faecis, Lactobacillus intestinalis, Pseudoflavonifractor capillosus, Blautia obeum, Ruminococcus
lactaris, Coprococcus comes group) X MALSORX|OAM FBIt=l= 22F(Clostridium symbiosum,
Lactobacillus mucosae, Clostridium beijerinckii group, Arthrobacter gandavensis, Paraburkholderia
kururiensis, Corynebacterium xerosis group, Clostridium aldenense, Caryophanon latum,
Clostridium colinum, — Aquamicrobium aerolatum, itratireductor aestuarii, Bacteroides plebeius,
Lysinibacillus — xylanilyticus group, Extibacter muris group, Hungatella hathewayi group,
Corynebacterium marinum, Aliicoccus persicus, Ralstonia picketti group, Staphylococcus
saprophyticus group, Leucobacter komagatae group, Lysinibacillus sphaericus group, Streptomyces
scabiei group) g &5t en{(O8 9), ZMZUA H22 S8 Zo|ME TER V| S/Ls Sl

2
My ofwre olet I RUP U FATS Pel sistol, 2als oSl S4

:

jo
M
J

s v o
Mo ZHeot AS.
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Species (Normal > Diarrhea) Species (Diarrhea > Normal)

Coprococcus comes group, = N.urmal Streptomyces scabiei group———— B Normal
B2 Diarrhea Lysinibacillus sphaericus group-—— E= Diarrhea
Ruminococcus lactaris~ — Leucobacter komagatae group—+
Staphylococcus saprophyticus group=—
Blautia obeum=} Ralstonia pickettii group=tmr
Aliicoccus persicus-—
Pseudoflavonifractor capillosus: Corynebacterium marinum=} e

Hungatella hatt yi group

Lactobacillus intestinalis= Extibacter muris group—~
Lysinibacillus xylanilyticus group:

Ruminococcus faecis-h Bacteroides plebeius-~

Nitratireductor aestuarii=f~

Blautia luti Aquamicrobium aerolatum=~

Clostridium 2
8

Dorea formicigenerans Caryophancn latum-

Clostridium aldenense

Corynebacterium xerosisgroupfgemrnniinn - —

Collinsella aerofaciens group B— -
Paraburkholderia kururiensis =~
Gemmiger formicilis group = - Arthrobacter gandavensis=1"

Clostridium beijerinckii group={*

Faecalibacterium prausnitzii group = LﬂmhaC"’USMUCDSBE= =

I T T T i FrTrTrTr Clostridium symbi 1 L

L} T T T T T T 1

00 05 10 15 202346960 pP 000 004 008 012 016 04 08 12 16
Relative abundance

Relative abundance

O3 9. SFRE0EK| MAL BM| F2oll wWE species T=F=0l|AM X}0|& Eo|= o|ME(LDA score 2.0 0|4}

- MAl R5o| U2 X}0o[E Eo|= e o[ Ee MEZ= 0l 2% Ol5te] M2 =02 =Xsin,
MAL SM ol wel ZASkE Faecalibacterium prausnitzii group, Gemmiger formicilis group,
Collinsella aerofaciens groupe= &7|A O|ME=2 ={F.

-z S(2018)e] ool =" ZEMHPo|2{ao HEE StRSotX|el B F  Lactobacillus,
Subdoligranulum, Blautia, Bacteroides®| 2ZJ7} 3H HiR £ Wz EIEAX|oH 2 o 1ol A
o|2{et Xt0|= LIEIIX| 23, Ol= sl EA{ol AFZE HAF Sobx| & MAL Sofx|e| MY | 7 2
BQI(ZE} HiO|HAN, ZE2LL HIO|HAM, BAEH HAE) S0l 27| HHELZE AlRE.

- 0|2 Z1tE Soll 302 o[Le| SH&otX|e| MAL SM| LHMA| ZHll o|ME2 Lo o/t Xlo|ECt A}

<)
SAHl 770l ol of 2 xtol& ES &elgh

1-6. st2 &F Xtolof w= Zjo|M=FE B3|

- 29| EH xtolof| wpE Fo|dEFZE HEE Eelst| fIsto 302 o|Fe| &~ Mo Z 1I[Ed
(Month 1), 27H&& (Month 2), 77H &€& (Month 7), 367H& 2 (Month 36)0ll s Esl= 28 S +=&I510] Zh
ojME & HelE &l (E 2)

28 AR 480 CfsH0d quality filtering &, & 2,592,856 sequence reads

k>
mn
Jor
HT
_O,L
2
|0
g

T O =2 54,018 sequence readsE 22 (H?| 26,521~88,846, 118 10).

08
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21} richness X%

65,000

ol Ace, Chao-1,
LS evenness X|$=2! SimpsonZ} Shannondll M=

70,000 75,000 80,000 85,000 90,000

JackKnifeol| A{

170 d ol=2| Fel&el xto|7t EFRH (O 11).

B—diversity A2 Sot #ZF HUo|dEZE EME AAlst 23, &do B0 w2t PC1 &
Zaoz 14EY, oNEY, THE0l Bx X028 ®el(3F 1)

B
A " e PC129.34% — T I e T4l
Month 1
3 2 5
5 -I-i; “ -I-i;i i 'I'i
Month1 Month2 Month7 Month36 Month1 Month2 Month7 Month36 Month1 Month2 Month7 Month36 M?mh; ..
M.ol’lth35 '

300, ——— " i 8 020

£ 2000 gs ? + g PC2 15.19%
£ ; E4 Enm

Emnn é ﬁz au.us

n o EE
Mowhi  Monthd  Month? Monmhas Monthi Monthz Month7 Month3s " Month Month2 Month7 Month3s
J8 11, stel ¥d xtolof wE a-diversity ¥ B-diversity &4

- HAMO|ME FET MES 2[5l species T=F0A LEfSe 242 st Z1f, & w2} phylum EHHIFE

BstE HQl(E 2, 38 12). Phylum F£=ZF0M 4F, Class F=Z0A 7&, Order =F0lM 9F, Family

FZolM 14Z, Genus F=Z0A 3758, Species F=F0l|lA 6350| x0|E =l
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E 2 &

2ol w2l Xto|E 2o|= o|ME(LEfSe &4, LDA score 2.0 0|A})

Rank

Name

Phylum

Bacteroidetes, Proteobacteria, Firmicutes, Spirochaetes

Class

Bacteroidia, Deltaproteobacteria, Alphaproteobacteria, Clostridia, Erysipelotrichi, Spirochaetia,
Bacilli

Order

Bacteroidales, Enterobacterales, Desulfovibrionales, Rhodospirillales, Clostridiales, Bacillales,
Erysipelotrichales, Spirochaetales, Lactobacillales

Family

Bacteroidaceae, Enterococcaceae, Odoribacteraceae, Rikenellaceae, Porphyromonadaceae,
Enterobacteriaceae, Desulfovibrionaceae, Rhodospirillaceae, Peptostreptococcaceae,
Lachnospiraceae, Clostridiaceae, Erysipelotrichaceae, Spirochaetaceae, Lactobacillaceae

Genus

Bacteroides, Faecalibacterium, Enterococcus, Alistipes, Ruthenibacterium, Parabacteroides,
Ruminococcus_g4, Butyricicoccus, Fournierella, Anaerotignum, Subdoligranulum,
Frisingicoccus, Butyricimonas, Blautia, Escherichia, Clostridium_g24, Desulfovibrio, Hungatella,
Kineothrix,  Clostridioides, [ARJ_g, Romboutsia, Olsenella, Dorea, Paeniclostridium,
Clostridium,  Turicibacter,  Treponema, FEubacterium_g8, HRoseburia, Coprococcus_g2,
Agathobacter,  Ruminococcus_g2, Lactobacillus, Pseudoflavonifractor,  Butyrivibrio_g7,
Clostridium_g31

Species

Faecalibacterium prausnitzii group, Bacteroides fragilis, Lactobacillus reuteri group,
Lactobacillus  gasseri  group, Bacteroides  caccae, Blautia  obeum, Clostridium
alveyrrhizinilyticum, Bacteroides vulgatus, Bacteroides xylanisolvens group, Bacteroides sartorii,
Bacteroides uniformis, Ruthenibacterium lactatiformans, Bacteroides stercoris, Alistipes shahii,
Butyricicoccus pullicaecorum, Ruminococcus torques, Fournierella massiliensis group,
Anaerotignum lactatifermentans, Parabacteroides distasonis, Gemmiger formicilis group, NFL/
S group, Blautia glucerasea, Parabacteroides johnsonii, Bulyricimonas virosa, Bacteroides
nordii, Roseburia inulinivorans, Ruminococcus faecis, Bacteroides finegoldii, Dorea
massiliensis, Escherichia coli group, Clostridium clostridioforme group, Lactobacillus murinus
group, HRomboutsia sedimentorum, Desulfovibrio piger, Alistives putredinis, Hungatella
hathewayi group, Blautia hansenii group, Kineothrix alysoides, Clostridium bornimense,
Clostridioides difficile group, LARJ s, Bacteroides faecichinchillae, Romboutsia timonensis,
Dorea formicigenerans, Paeniclostridium ghonii group, Clostridium celatum group, Turicibacter
sanguinis, Treponema suis, Eubacterium siraeum, Olsenella umbonata, Coprococcus comes
group, Hoseburia intestinalis group, Hoseburia cecicola group, HRuminococcus bromiy,
Bacteroides ovatus group, Agathobacter rectalis, Lactobacillus helveticus group, NFHE s
group, Agathobacter ruminis, Bacteroides dorei, Butyrivibrio crossotus, Clostridium populeti,
Bacteroides caecigallinarum
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Tiorea s il B 1 Month Bactervides fascichinchillae bnth
Blautia 5 b 3 L
Bacteroides finegoldii 3 i Alphaprotechacteria H |
Ruminococcus faecis » * 4 d
Roseburia inuliniverans £ : Rhod ospirilales : :
Bacteroides nordii : H » . - 3 3
Butyricimonas virosa & & Rhod ospirilaceas 3 i
Butyricimonas. 5 3 s :
£ i LARJ 2 t
Parabactersides johnsonii 3 : L % :
Frisingicoccus s f LARJ g 5 :
Blautia glucerasea : - : :
NFLI s group : . Clostridisides difficile group : :
Subdaligranulum 3 - = i )
Gemmiger formicilis group : : Clostridicides ; :
Parabacteroides distasonis . o e o = . .
Anaerotignum lactatifermentans ; H RISEIINN. DT heTee: : :
Anzerotignum : - Kineothrix : :
Fournierella massiliensis group 4 ¥ : 3
Fournierella : : Kineothrix alyscides & i
Ruminococcus torques : % X R - = i A
Butyricicoctus : : Blautia hansenii group : :
Butyricicoccu s pullicaecorum H £ E - g 3
Aistipes shahii : : Hungatella hathewayi group B !
Ruminococcus g4 H H Hungatella 2 :
Pomhyromenadaceae : : - ! :
Parabactercides 1) 2 Alistipes putredinis i :
Bacteroides stercoris : : - - :
Ruthen b acterium lactatiformans : + Desulfovibrio i :
Ruthen bacterium A £ . i .
Bacteroides uniformis 3 Desufovibrio piger : :
Bacteroides sartorii = DesuNovbionaes i
Alistipes " '
Rikenellaceas : Desuffovibricnaceae :
Bacteroides xylanisolwens group i s v ¥ i
Bacternides wilgatus : Dekaprotecbacteria :
Odoribacteraceae v = s |
Clostridium glycyrrhizinilyticum 2 M oembasiin feosprturam H
Hiatizoheurm ; Lactobacillus murinus group !
Bacteroides caccae ! :
Lactobacillus gasseri group 3 Clostridium g24 :
Enterococcaceae & = 2 s
Lactobacillus reuteri group - Clostridium clo strid ioforme group i
Entermcococus x H
Bacteroides fragilis : Fofesobacierales :
Faecalibacterivm prausnitzii group : Escherichia :
Faecalibacterium v - g o :
Bactercidaceae : Enterchacteriaceae £
Bactercides .. = = z :
Bacteroidales T : Escherichia coli group :
Bacteroidia . i :
Bactercidetes £ AL .
o 2 4 B 2 3 4 5

Agathobacter rectalis
Bacteroides ovatus group
Ruminecoccus bromii
Ruminococcus g2
Roseburia cecicola group
Agathobacter

LDA score (log 10}

Bacteroides caecigaliinarum
Clostridium populeti
Clostridium g31

Butyrivibrio g1

Butyrivibrio crossotus
Bactercides dorei
Agathobacter ruminis

Roseburia intestinalis group NFHE s group
Coprococcus g2 Pseudoflavenifractor
Coprococcus comes group Lactobaeillis helveticus group
Reseburia Bacilli

Olsenella umbonata Lactobacillaceas
Lactobacillus

Eubacterium g8
Eubacterium sirasum

Lactobacillales

LDA score (log 10)

Spirochaetes
Treponema
Spirochastia
Spirochaetales B Monthl
Treponema siis EE Month2 B,
Spirochaetaceae R Month36¢
Turicibacter sanguinis E Month7 “

Turicibacter
Erysipelotrichaceae
Erysipelotrichi
Erysipelotrichales
Clostridium celatum group
Clostridium
Clostridiaceas
Paeniclostridium ghenii group
Paeniclostridium

Dorea

Olsenella

Bacillales

Dorea formicigenerans
Romboutsia timonensis
Romboutsia
Lachnospiraceae
Peptostreptococcaceae
Firmicutes

Clostridiales

Clostridia

2 4
LDA score (log 10)

g 12, 3HSolX| €&Ho| WE species =0 M| LefSe &4

- Taxonomic composition =42 &l phylum F=Z0lA =& Zt2| relative abundanceE H|W FA{ &t
A1} Firmicutes®t Bacteroidetes2| & H|E0| 61~98% 2 ClE XHX|5t1 /20 0| Class &2
o [=A

Clostridia, Bacteroidia2t Order =%2| Clostridiales, BacteroidalesdllM = FAFSHAl LIEFEH (T2 13).
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- 3670 &H 42| A2 Firmicutes 37+ ¥

A

Bacteroidetes 20|t} Firmicutes2t Bacteroidetes2|

oL =

Z H|E0| 91~98%Z 7t =5. 171dE, 270, 77HEE 22 E 2 Firmicutese= Ed Z710
wal 75k d&82 HOo|Ll BacteroidetesdllM= 30~40% MEZ 2 A0|E HOIX| &£3.
Proteobacteria= €& &7tol| ezt Z4stk=s S 2(ad 13).
A 100 C

S

@ 80 Phylum

c

S 60 Spirochaetes = Month1

5 BEa Month2

a

> 40 = Month?

£ mm Month36
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T Protecbacteria

v4
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- _-.
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mm ETC ¥|_|_|_|_|_|
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st

(A) 7HHE, (B)

— Class ==0{lM Bacilli} Order ==0i| A
367 ¥dHoll= oA S7HEHaE 14).

<9| "&&o| wZ phylum F==0|A 2l Taxonomic composition

Relative abundance

=]
[

M
=.

B
=2 o =

(C) LDA score 2.0 o]t

Lactobacillales= 1~770 € 2 &&o| S7|&of wat Z45H,

- Family F=ZolA 1~771¥=2 Lol JItol 2} Bacteroidaceae, Lachnospiraceae,
Lactobacillaceae?7} dast= A2 2l £35] 1712 HollA Bacteroidaceae, Lachnospiraceae,
Lactobacillaceae2| &ttiHlT=2| &t0| 43% T&FS ER2Lt, 270 HollM 18%, 77HEHAIAM 17%,
367 &M 23% =TS =2 LIEHH(OE 14).

- Genus =0l M 170 EHollM SAMIE Bacteroides, Lactobacillus, Faecalibacterium 352 270 € H,

7THE M= Zast, 367HE HollA

diiEzs Mol Sofx| HE

= 17HEEot RASE g2 EXe. ek, T o|dE9

Z7Jlofl w2l Olsenella, Enterococcus, Turicibacter,

Agathobacter, Clostridium_g31= Z7teHa g 14).
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F &l248d x = = X MBS slo|slod o 2| = Xl ot Ao
M Zt 2EE X0l & Eols Y n|dE2 &elsiien, 17/l JHE B2 2
S o
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Bacteroides stercoris-|

Species (Month1: LDA Score >2.0)

ium

Bacteroides uniformis-

Bacteroides sariorii

Bacteroides xylanisolvens group-

Bacieroides vulgatus

Clostridivm glycyrhizinilylicum-

Biautia obeum-

Bacteroides caccae

Lactobacifius gasseri group-

Lactobacillus reuteri group

Bacreroides fragilis-

RERERREN

Faecalibacterium prausnitzii group-

0.0 020406123456

il

Clostridium glycyrehizinilyticum-]

Ruthenibacteritm factatiformans-|

Blautia obetim-]
3

Anaerotignum laciatifermentans-

Ruminococcus faecis

Bacreroides finegoldii4

Farabacteroides distasonis

Blaunia glrcerasea-|

Dorea massiliensis-

NFLI s group-

Bacteroides nordii

Butyricimonas virosa-

Roseburia inulinivorans-|

Parabacreroides johnsonii-

Butyricicoceus pullicaecorum-|

B

= Monthl

= Month2

= Month?
b mm Month36

0.

Relative abundance

gasseri groupe=
Al2lElE =l
CC S}

4T

Bacteroides vulgatus, Bacteroides xylanisolvens group, Bacteroides sartorii, Bacteroides uniformis,

, Bacteroides H&¢2l

C Species (Month7: LDA Score >2.0)
ma Month1
Agathobacter rectalis4, ma Month?
= Month?
Ruminococcus bromiite == Month38
——
=
Bacieroides ovaius group-
b
Roseburia imestinalis groun-mes
[ ]
Roseburia cecicola gmup—=__
3
Coprococcus comes group-ga..
—=
Eubacteritin Siraeum .
e
Ofsenella UMbONATA | —
Treponema sus B
B
|l
Dorea formicigenerans - m—
|
Clostridium celatum group a——
[l
=
Turicil i —
=
Romboutsia lr'mouensisL_
Paeniclostridium ghonii gmupE_‘
0o 04 08 1.2
Relative abundance
K= =) =
T8 15, ehel HFo mE
— A H| = AlO
ACHEIZZ} 10| akel

Bacteroides fragilis,

g

T

=

0.2 04 06 08

Relative abundance

Bacteroides stercorisT 1702 ZHol|M SAMetE 2kolst

St SolX| ] MAF SM RFol| wel 2SR E Faecalibacterium prausnitzii groupe 1712 2 0f| A

Bacteroides dorei
Butyrivibrio crossotus
Clostridium populeti
Bacteroides caecigallinarum

Agathobacter ruminis.

Lactobacillus helveticus group

Bacteroides caccae,

Species (Month2

Blautfa hansenii group-
Clastridioides difficile group-
Clostridium clostridfofarime group:
Lactobacillus murinus group-
Clostridium bornimense.
Bacieroides faecichinchillae:
Hungarelia hathewayi group-
Kineothrix alysoides:
Rombautsia sedimentorum
Alistipes putredinis:

LARJ s-

Desulfovibrio piger-

Escherichia coli group-

: LDA Score »2.0)

= Month1
= Month2
= Month?
= Month36

—
[

=

.
—_—

.

— -
0.0 0.1 0.20.40.81.2 2345

Relative abundance

Species (Month36: LDA Score >2.0)

Month1
Month2
Month?
Month36

0.00 0.05 010 015 0.200 23456

Relative abundance

HEdEoz Hatstol et Z2ASIICF 367H H oM CHA| St

species =Z0i Al LDA score 2.0 O|Ate| o|ME2| relative abundance.

MUl o|ME F Lactobacillus HIEQl Lactobacillus reuteri group, Lactobacillus

2ol B7teh| w2f ZAagt Lactobacillus helveticus group 77H&ZHollM 72

Bacteroides vulgatus,
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- 24 = 270E7K| 9| okl 7 X SoMAl 2RE F=2 HF S, 4= 7 HolM 6| =t
7| 2ol 2ol ofsiAM HE MFE Soff AolMdF FEfof Mot LiEHE. ol o] YEefeo| Hatol| w2t
aatof] 23 Fuf o|d=0| H2kX|7| 2ol 17HEY o|F Fuf n|d= =& ?ZF_—QI et ot 2
Q22 Atz E. ot Sotx|el Mol wet et k0| chk2X0| Sotx|e| dEeAof w2t 228t
i ojd=0| otE = USS FHSH &

- J2iut sheol Mol w2t Ty oldE 28 HEE AMS] &elsh| fishM = 2EE SobX|2f thAA
M2t 2ot 4oz WZi=(of, s7HEd, 147083, 187/EHE FI7I 40| 2 A2 AtRE.

2.

|
0

3.

4,
4—

BHZUA HIg S5 HUnME 2D uLT| ST

ol s 27 87| s7HLE flol 12522 27|H(aerobic) ZZ0M CO, Z=H S Salf cieret
H E

0jME $RAS SHH5InA}

0

kL

2 5(2018)9 AFof| w=m ZE(H[o|E{ A0 ZHE FHRSolX|el B EU Lactobacillus,
Subdoligranulum, Blautia, Bacteroides2l 2% 7} AH Hi¥ O, species &==0M Lactobacillus
amy/ovorus group % Lactobacillus gasseri group0| 714t SolX|ofA =2 MUEIEE LIEHCID

- 0|% o g ¢0P7(|°| oataet 3 AUMEf IS Rloll Lactobacillus7t et dekg & A2 =2

- AALSAM7L gl sHEotX] 5ota(2E 30 oluf)el &
MRS agar platedll M 3 2 =
- S7|™ =HollM chgst 2l oM 2 E2lst7| sk 37C A FH OlE{olM CO, =S gas pack,
5% CO, 21 FAHOIEf == CO, §l0| Hiksto] n|MES
- 22|= o|MEZ2 colony PCRE &3l Lactobacillus(Kwon S 2004), Lactobacillus amylovorus
01

0), Lactobacillus gasseri (Matsuda 2009), Lactobacillus reuteri (Matsuda &
I

(Marti & 2 , S
£ 1x} &2l 20, 16S rRNA sequencing2 &3dl ¥7|Md e atolgt

2009)

F2O0|dE &
- 97|18 AEfOIAM CO, =74 X}o|E &all cletst o|ME8 2251920, Lactobacillus reuter,

Lactobacillus johnsonii, Lactobacillus amylovorus, Lactobacillus oris, Lactobacillus vaginalis,

ok

Lactobacillus mucosae, Lactobacillus salivarius?t &2 732| Lactobacilluss =E5IF 20,
Lactobacillus reuteri, Lactobacillus johnsonii, Lactobacillus amylovorus 35 D|IME2 R FMARISR
£2 gl stZo|MEEEMEo| J7|EHEIHS.

8042 oM Ty
N

oI-J}:ljx-“ L_HA-I .udj[.

ol

FUA LM RRALS] ERE Mld 24 Al 24 e a7t LIERLIX] g2 4= A0l fIEste, ZolME

0

ol

o
P LA REALe] 0|7t ol doid = U222 ol 0| JHEl e ol EME uletsts

0

Aol e =%

5

— 0|2 CDCOIA= strip 7|Ete| S A LHA MIC (minimum inhibitory concentration, =4 x| A |

Sk teste| HE[dn Zot FLMol|l E-test HHES FHSIL JUAS

- MIC & % EFSA (European Food Safety Authority) 7|& 0|5t Z<ol= Al20| 7535,
ZzuE= d0d= 5N £= UXAM WA o5 moksfof gt
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sHAO st ZeMe 2elst 23 9F 2| &M (Ampicillin, Chloramphenicol, Ciprofloxacin,
Erythromycin, Gentamicin, Kanamycin, Penicillin, Rifampin, Tetracycline)oll i 504 zts
HM5I9 20, vancomycindl M= FH el HM5IX| 2US(2E16).
FobAel A% vancomycin 2% £¢l¢l HEF HEO|=2| D-alanine t&h ZH7[7F D-lactate EE=
D-serine2 2 A =/0f vancomycinO| Zeter 4= gle =& 712N WA S LiEiCt D 20 E .
(T2 po/miy
=y E§ 2€ |88 | B8 |28 |82 | 25 | 8% | 85
22 | 2 B S E 73 75 | 38 - 732
& o i £ b e & fo o = iy 8
i = thi 23 2 o o == n B D A b
b 0:5 m‘-f:l:‘ =3 5 A 3% o5 w = mg_ mé
5 [ ] | o, £4 = g 5 a =
E
=X
L. amylovorus 1394820 | 0.016 | 0064 | 96 050 | 025 n.r. 2 0.094 g 0.016
L. reuteri 1429C30 050 | o038 32 1.0 | 0.023 4 3 075 1.5 128
L. johnsonii TADN31 0.064 | 0004 | nr 6 0047 | nr 4 0.19 24 0.50

L. amylovorus 1394N20

Penicillin G

Erythromycin

Kanamycin

Tetracycline

Rifampicin

0.016 pg/ml

Ci proﬂ oxacin

0.064 pg/ml

Chloramphenicol

96 pg/ml

Ampicil

lin

MIC

0.50 pg/ml

Gentamicin

0.25 pg/ml

Vancomycin

n.r.

2 pg/ml

0.094 ug/ml

MIC

8 pg/ml

0.016 pg/ml

L reuteri 1 429C3

Penlc:lllln G

6}
=1

2 | eyhromyein |

Erythromycin

Kanamycin

Tetracycline

AR

o

A

O

Rifampicin

0.50 pg/ml

Ciprofloxacin

MIC

0.38 pg/ml

Chloramphenicol

32 pg/ml

Ampicillin

MIC

1.0 pug/ml

Gentamicin

SR

0.023 pg/ml

Vancomycin

MIC 4 pg/ml

3 pg/ml

0.75 pg/ml

1.5 pg/ml

MIC

128 pg/ml
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L. johnsonii T409N31
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S =

4-2.

18)

il
0fo

o= L0,

x|
S

o

=
S

HAl =0{ o]

Hs

o

Aoz

=
e

Tl

M= Bacillus cereus?t H| 11

LIEHLY = <F

k=2
=

- B—hemolysis &M

a—hemolysis

onl

L. Johns
7409N31

L. amylovorus L. reuteri
1394N20 1429C30

B. cereus

GEL

GEL

URE

GEL

=

L. Johnsonii
T409N31

L. reuteri
1429C30

L. amylovorus

1394N20

8 18. Urease &t
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5. #8 o|d =2 HMEFRTA 24

77,
Contig 1 5 —
3 Circular form E
2,176,326 bp =

Sequencing

L. johnsonii T7409N31

e I

Contig 1
Circular form
2,198,442 bp

*, ,\
/\l‘uvn\ \ o

o
! ™

L amplovornts L. rewten L johnsomiy
13594M20 1429C30 T403N I

iy PacBio RSII PacBio RSII PacBio RSII
Assembly method HGAP w3.0 HGAP w3.0 HEAP v3.0
Genome s (bl 2176326 2457 436 2198442
Contig 1 4 1
Tatal CD5s 248 2530 2,146
rRNA genes 15 13 6
tRNA genes 65 6 12
G+ L content (mol3) iTa 35.01 IEM
219, MutEl SEo0|MEe MAFHMA 24
6. st ol@l&olx|o| M Ea|st REo|ME(L. amylovorus 1394N20) M8 S gut microbiota A 74

6-1. stSolxol F2o|ME(L. amylovorus 1394N20) HES S&t

1o

AL
rII
>
HU
4>

b}
re

=

Collection of fecal samples

Coliection of fecal samples
[hak) {Ch- LA
Lol ' '
]
1
L

2 4 & B o 5 da

e &0H — 4 g
(102 ¥ 0L, n=4) fF T v ¥ %
Oral sdministration of L o° CFUN
I I T T

1
i dE AR e s.004y AU RNE  pUENSOEE
4

a3 20. A™ LA

—




6—2. st&olx|of| FE0|ME(L. amylovorus 1394N20) M 20 w2 Zhjo|METXE 244t

[e>]

It

|=|
DNA extraction kit (FastDNA SPIN Kit for Soil, MP BIO)E 0|&35}0{ £ A|ZZ2FE| bacterial
genomic DNAE F&3E.
2o 2 2| bacterial genomic DNA =& 2 A& library M Z

== DNA olM 16S rRNA R ALL| V3/V4 B3 SESH| 25t bacteria® Z2H0|H (primer) &

FI

1X} PCR =8 Al bacteria® Z2}0|H= Nextera concensus—Sequencing adaptor-Target
sequences E &SI US. EE= Z2lo|H(forward primer) 341F A|2A = 5'-TCGTCGGCAG
-CGTCAGATGTGTATAAGAGACAGCCTACGGGNGGCWGCAG-37, 2 A Z2}o|H (reverse
primer) 805R A|Z A= 5-GTCTCGTGGGCTCGGAGATGTGTAT AAGAGACAGGACTACHVGGGT
—ATCTAATCC-3'0|04, 2x} PCR =™ Al MES2 &£2lst7| {5101 lllumina index i5 S502 (AAT
-~-GATACGGCGACCACCGAGATCTACACCTCTCTATTCGTCGGCAGCGTC)2t i7index 7 N701
(CAAGCAGAAGACGGCATACGAGATTCGCCTTGTCTCGTGGGCTCGR) S =gtez MEES EElsk|
?/5to] ALE e

Seta M g3 (polymerase chain reaction)2 PTC-200 Peltier thermal cycler (MJ Research,
Waltham, MA)E o|&sto] sallgt. S =F PCR &H=2 QIAquick PCR Purification Kit (Qiagen,
Valencia, CA)E 0|235}0 MH| stof, M= DNALS| HZE2 QuantiTM PicoGreen dsDNA Assay Kit
(Invitrogen, Carlsbad, CA)2F TBS-380 Mini Fluorometer (Turner BioSystems, Sunnyvale, CA)S
0|25t 2Met. PCR A=S HM7|HS5t0 P2l Z0[7} 300 bp O|4te| DNAS MEer DNA HHHO
Z0|E Agilent 2100 Bioanalyzer (Agilent Technologies, Santa Clara, CA, USA)E 0| &304 A=l

A O
MiSeg2 &&%t sequencing =8 & HME &4,
A

M=l PCR &F=2| NGS &2 Chunlabs &350 &350, lllumina ARl MiSeq HHIE AlZE.
NGS Z1t2 Holxl ¥7|/MAP2 CLCommunity software (ChunLab Inc., Seoul, Republic of
Korea)2 E£30{ Taxonomic composition, a—Diversity, B—Diversity =410| 3=

Rarefaction 54 =242 S8 sequencing quality &2l.

Galaxy =822 3 (framework)E 0| 28t LEfSe (Linear discriminant analysis effect size) &4 =8 .

-3. stSolx|ol F2olME(L. amylovorus 1394N20) H &0 wE Zhfjo|ME7Z B3}
SHRS0oIX| 2HAIR 850l Cf35+0{ quality filtering &, & 925,594 sequence readsS & E35I% 20,
HAXMOZ 115,699 sequence readsS EHESHHL| 102,817-145,271, 18 21).
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Rarefaction curve
[CL_OPEN_REF_UCLUST_MC2, Bacteria, 97% ]
[Option : ]

oTus

o 10,000 20,000 30,000 40,000 50,000 60,000 70,000 80,000 90,000 100,000 110,000 120,000 130,000 140,000 150,000 160,000
Reads

1-210503-NAL 4-210503-NA4 2-210503-NA2 3-210503-NA3 -210518-A1 10-210518-A2 —— 11-210518-A3 —— 12-210516-A4

a7 21, stRSotX| 282 rarefaction curves

ES 2| S (0OA-LAB, 4Z)}oll
tH5t0f a-Diversity 242 S8t T BEME AASH AL 9| M S LIE =
richness (Ace, Chaol, JackKnife) II—’F—E xto|z
(Shannon, Simpson) X|$=7 9| |

A

FUPS YPFO B2 &

EE LIEHH= evenness
L. amylovorus 1394N20
L

“+ Richness >
ACE Chao? Jackknife
500 N.S. (P=0.564) 800 860 800 -
500 b N5, (P=0.564) i NS, (P=0.564) % 'm‘
o T £ 80 1 £ 800 — ”’g 500
=3 ;
& ? 400 ? 400 ‘g 400
200 2 2 kS
0 20 0 20 [
100
¢ 0 ] Rl
NA After NA Aftar NA After NA After
« Evenness »
Shannon Simpson
5 0.3
X A s
i (P=0.043) $ * (P=0.043)
: 2 —
£ &
2 2
2 2
a o
Atter NA After
a8 22. RE0|ME(L. amylovorus 1394N20) M &of 2 o-Diversity &4
59 Sotx| BH AR 8E{R&T F0oi T(NA, 43), Fitd F0i S 52 F(0A-LAB, 43)}o
CHstod B-Diversity M st & 78 oM =FZE A4S AAlet 21, 750 A= ozt
o Zto| BETL HetstH L E AS SQISIUZ(OE 23).
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PCoA (Principal Coordinates analysis)

Generalized UniFrac.

-0.3 1

04 -0E 00
PCT (30.206%)

— Taxonomic composition
Z3of, oA 750 A

composition0| ZAsH=E

100+

Proportion of OTUs (%)
2

NA

3
E o T __:_' T
-
% %4 49 ]
i R i i
i~
- ® :
E [ § PP ..'...:............

0,1 4

02

0.4

OA-LAB

Generalized UniFrac,

2o
P:qll.-l

PCI (15.601%)
=
O —
1 1

& O
By =
L

-0.3

T
D6 D4 -DE 00 DZ D4

PCT (30.286%)

a8 23, R20|ME(L. amylovorus 1394N20) M 0] = B-Diversity =41,

M T Z2+9| relative abundanceE H|ul F4{5t

9

N

0

b

o

?_
ol

—

£0{ & Actinobacteria, Proteobacteriall
SO 24).

Firmboutes
Bacierakdetes

= Actincbacteria
= Proteobacteda g

NA OA-LAB

a8 24, RE0IME(L. amylovorus 1394N20) 0| 2 phylum F=Z=0IA 2| Taxonomic composition A1,

— Taxonomic composition =44

ME
23, fibd 27501 Mot 8|wste] RE0M=S 2

E3ll species =0

vulgatus, Bacteroides xylansolvensS/ compositionol|

fragilis2| compositionO|

A

Zastes U ojd==Ee

|

1804

Proportion of OTUs %)
-

:

BacTaimuges Viaas 4
Lacobacilivs Gassan rovh 4 CHOSIMERCAT ol 1k
ButynTICoREds pulleasconm
Unclassiad In haghar iszoncmes rani
Braura was farae
RUMROROREUS Taac
PR 0JC OIS Martde
Clostdum_ghd HO815T81_8
Bacmrovdes framis 4
FancVEATISrILTT Qrausmiy
Lacinbaciiiig Teuinn Graup
Lacinbanilius halkedcis grovp
Egchenichia soll grous 4

A
?_

=
S
Hd

= Z2t9| relative abundanceE H|l 245t
£0{ & [actobacillus gasseri, Bacteroides

7t
HS stelel(TE 25).

s

ok

Bt Escherichia coli, Bacteroides

mm ETC{unded 1% In Sverags)
- SEESIGCOCLUS GEBSIYDELS Qroup

N o TP Y]

 Aieprevoieis AFTTIE01 A

mn Bucieroedel Cpanaoivals

- AR i

- AT LSRR v G

 Bisuny EFIRRLE 5

Framafvanifracon NFHE s

Ao oo,
LA

mn RumSsSeiitis QRVDS

a2 25, RE0|ME(L. amylovorus 1394N20) X0 2 species T=%01|A2] Taxonomic composition &A1,
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- LEfSe &M &1 ®itd A7 F0{Z(0OA-LAB)MIA Clostridia2l E7H5 &2l (2 26 (A)).

—- LEfSe &40l LDA score 2.0 =1} HLio|M &0l CHst0d genus/species F=T0lAl 244 5H 23}
0|42 dFF0oiof wE Xf0|E HEI= HUo|ME 1452 =lstU (O 26 (B), NAT:
Bacteroides fragilis, Ruminococcus faecis, Trueperella abortisuis, Parabacteroides distasonis,
Cutibacterium acnes, PA-LABT: Harryflintia, Faecalicatena contorta, Eisenbergiella, Dorea
massiliensis, Roseburia inulinivorans, Blautia glucerasea, Bacteroides xylanisolvens,

Anaerotignum lactatifermentans, Clostridium nexile).

5|,

o
Al O|ME Bacteroides fragilis®l HAE &7

=
=
=

ikt A7 502 (0A-LAB)Al U old=Z2d MFdE2 Sdll eSS0tk A SItE=
5104 SofX| HAlS olEge = /UAS A2=2 AL=E.
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(A)

B)
'R ciostridium nexile *
- Anaerotignum lactatifermentarns
B :occoroides xylanisolvens .
IR :ioutia glucerasea .
B occbuna inuliniverans .
B Corea massiliensis *
B Feccalicatena contorta %
: - Hanyﬂinﬁaf ”
Cutibacterium acnes =1 *
ﬂaﬂmmdﬂ-.'a: distasonis - ' *
Trueperells abortisuis [N -
Ruminococcus faecis [N "
Eﬁfﬂfﬂl;fE$ fragitis ([ INNG—_— *
- - Fsatin souncance %)
LDA SCORE (log 10) .5 0 5 i TEN ...
©
40 - B 1.5+ 1.5+

[ %]

L
=
&h
L

Bacteroides fragilis
L]
s

=
=
1

(=1
L
=
=
L

e
T
Bacteroides xylanizolvens
= [=F]
Hlautia glucerasea
:
Rosebura inulinfvorans

=

D- Ll
NA QA-LAB NA DA-LAB NA DA-LAB NA QA-LABE

O% 26. R20|ME(L. amylovorus 1394N20) & 0] U}E |LEfSe E4A
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=(=HX)2| AtS

H2| Al of s grAl

. Al E 2 (=Rl

A HEAIFRE Al of g

E

H2AHNC, 55),
(Vac+Chal,

of of o= ghalof wat =X MY X HAZAEfoll xtolE (2B 28~30).

S=(==xl)2 [ B0 2 2 Az =3 38
2 XMz YH(aE 27)
Observation Method
0 = normal
NC group (n=5) PBS 1x 1 = pale, rough hair coat
Non-vaccinated, non-infected 0.2mlID Clinical score 2 = pale, rough hair coat, increased respiratory rate, lethargic
control group 4 = pale, rough hair coat, dyspnea, emaciation
6 = death (with previously described symptoms)
Viremia PCV2 Ab ELISA kit (BioNote Inc., Hwaseong, South Korea)
V group (n=5) j iral load in nasal swap  ART-PCR using Prime-Q PCV2 PRRSV Detection Kit (Genetbio, D
Vaccinated, non- / Porcilis® PCV* aejeon, South Korea)
infected group 0.2 mlID IAntibody response Flow cytometric analysis
INeutralizing antibody titer Fluorescence focus neutralization-based virus neutralizing assay
with PK-15 [1]
C group (n=5) 28 dpc
Non-vaccinated, J P?I.Vc“;%i'l?m“r)' I(;["
PCV2b-infected group
Neeropsy e on
VC group (n=5) /7 Porcilis® PCV" 0.2 ml ID 1 f
Vaccinated, PCV2b- /L ' '
infected group TC]D;,,-/mI) IN Histopathological ~ Microbial
analysis analysis

g 27, =X[2 o Yo ajoll wE MY C|Atel

PCV2b BHAIHZE(VC, 55),

=]
58) MR FH(E 3).

PCV2b 4™ & (Chal, 48),

3. M S=S(EX)e EH £=H sE
e = 22 =g Alserd T
1| 2-al2(NC) R Ut A
2 | 2x2|Z(NC) R U b A
3 | FxX2lZ(NC) RES b=zt 5
4 | 2Xz2|Z(NC) ES xa kst
5 | #XalZ(NC) R U db A
6 | PCV2b WHAIMZE(VC) e otz A
7 | PCV2b HAIHZ(VC) 113 ot %
8 | PCV2b YHAI™ZE(VC) R ol b5 &t 5
HCH =H 9 | PCV2b EBHAIFE(VO) 1= detsd
LAl 10 | PCV2o BHAIFIE(VC) 133 AeHsE
= 11 | PCv2b 2ZATZE(Chal) 1159 ol b &t
12 | PCV2b =24TZE(Chal) 113 otz & 4
13 | PCV2b =2ZTZ(Chal) e U db 5 &
14 | PCV2b =ZTE(Chal) 113 otz &
15 | PCV2 E#AH+PCV2b B2Z™E(VactChal) | 115 H Qldbs Zt
16 | PCV2 BHAHPCV2D BZ™ZE(VactChal) | 1157 H SICI PSS
17 | PCV2 BHAHPCV2D BAFZE(VactChal) | 113 QlHbs Zt 5
18 | PCV2 EiA4PCV2b BZTE(VactChal) | 115 H Udbz At
19 | PCV2 BHAHPCV2D B2Z™ZE(VactChal) | 1157 H D
A 19
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1-2. MHSE(HX])Q YAl HBoll weE FHo|YSZE 49

DNA extraction kit (FastDNA SPIN Kit for Soil, MP BIO)E 0|&35t0{ 2% AR 2 5E bacterial
genomic DNAE F=&&.
2H o2 2 E| bacterial genomic DNA =& 2 2AM & library H £t

4

Zl DNAOIA 16S rRNA A RS V3/V4 HA S SEZ517| 2510 bacteriag Z2F0|H(primer) &

o T

FI

jo

1X} PCR 8 A| bacteria® Z2}o|H= Nextera concensus—Sequencing adaptor-Target
sequenceE E&st AUs. X E Z2l0|H(forward primer) 341F Al A= 5'-TCGTCGGCAG
-CGTCAGATGTGTATAAGAGACAGCCTACGGGNGGCWGCAG-3/, 2l Z2}0|H (reverse
primer) 805R A2 A= 5'-GTCTCGTGGGCTCGGAGATGTGTAT AAGAGACAGGACTACHVGGGT
-ATCTAATCC-3'0|04, 2xt PCR ™ Al ME=S 2el5t7| 2501 lllumina index i5 S502
(AATGATACGGCGACCACCGAGATCTACACCTCTCTATTCGTCGGCAGCGTC)2t i7index i7 N701
(CAAGCAGAAGACGGCATACGAGATTCGCCTTGTCTCGTGGGCTCGG)e =gz MEES
=2[st7| 25t AtE et
SHELAMN S (polymerase chain reaction)2 PTC-200 Peltier thermal cycler (MJ Research,
Waltham, MA)E o|&3stof =dlig. SZE PCR &&= QlAquick PCR Purification Kit (Qiagen,
Valencia, CA)E 0|&83t0d MA| 5tod, ™A= DNASl M2 QuantiTM PicoGreen dsDNA Assay
Kit (Invitrogen, Carlsbad, CA)2} TBS-380 Mini Fluorometer (Turner BioSystems, Sunnyvale,
CA)E 0| 83td 24et. PCR &= T™7[QSsto] M2l Z0o|7F 300 bp 0|4t2] DNAE MEE
DNA thHe| Zo|E Agilent 2100 Bioanalyzer (Agilent Technologies, Santa Clara, CA, USA)&
MiSeq2 &&%t sequencing = F HE =tH.

R &H=2] NGS &2 Chunlab2 &35t01 S, lllumina ARl MiSeq &H|E AtEet.

NGS ZIl2 Ho{&l ¥I|AME2 CLCommunity software (ChunLab Inc., Seoul, Republic of

J

Korea)& £35t01 Taxonomic composition, a-Diversity, B—Diversity =440| 3=
Rarefaction 54 24& &%t sequencing quality =H2l.

Galaxy =& ¢l A(framework)E 0|28t LEfSe (Linear discriminant analysis effect size) &4

ME 24 (PCA; Principal Component Analysis)& O|&5}0{ LEfSe =M 22 VAl Zhjo|M =1}

=
o X|E AlO|O] A EAl Y

1-3. MAASS(ER)2 Yo HBo| wE Fiojd==d Het

—

S(=HX|) 2H A|ZR 1950 5t quality filtering &, & 1,466,085 sequence readsE
o, WAXOZ 63,743 sequence readss =EEH(HP| 38,384-81,378, 118 32).
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Rarefaction curve

[CL_OPEN_REF_UCLUST_MC2, Bacteria, 97% I
{Option : ]

1,700

1,600

1,500

1,400

1,300

1,200

oTUs

35,000

40,000 45,000 50,000

55,000

. P soooe  7san mooo ssom
T3 32. MESE(HXI) 292 rarefaction curves
- HX 2H AME 195{FX2lZ 55(NC), aHE T 55(VC), 3ATET 45 (Chal), AT E =
SAZY ST 55 (Vac—Chal)}oll thsto] a-Diversity 242 S¢t & 2t oM =T M2 AAIE
23, AY ofgtcha grAlof w2l richness (Ace, Chaol, JackKnife) ¥ evenness (Shannon,
Simpson) X7t RelMo =z X0|E E (O 33).
“+ Richness >
ACE Chao1l Jackknife
= @=0,
1500 T 2000 ~p=0005) 2000 o 2000 - ‘n::::agug;
E=0.009) -E oo Jaas it é 1500 plepons, 3 1004 . F,Q_MFL'
., 1000 Q E 0009, - E *(P=0.009) - E " =
G :
5 » _ g .%" 1000 ﬂ E %‘1000 : [;l g‘ 1000 @ ‘ ‘ IEI
: £ o g v g oo
M— VC  Chal VacChal — VC  Chal VacChal A— ve Chal  VacChal " VC  Chal Vac.Chal
) Shannon Simpson i
55 S 0.15
E 5.0 ﬁ *(P=0.027) g —gmcoan
E 4 E 0.0
2 z | [
§ o Q §u.us . g
o 35 = a E
YN - . . . .00l — . . v
NC VC  Chal Vacchal NC Ve chal VacChal
T2 33. =HX| AtsEE Al WA HEBo| w2 a-Diversity &4
- HX 2H AME 195{FX2lZ 55(NC), alFHE T 55(VC), 3ATYET 45 (Chal), AT E =
=A™ BT 55 (Vac-Chal)}oll tistof B-Diversity 242 &8 & 7F HFHO|EEZE BA S AAls
Aot 2 ofgtcHd gbalo] izl & Zhe| BEEIF HESH LR = AE =elsidien, 3AZF SIS
gt Chal, Vac—Chal &= #& B|IJ S ©f, HAXE 770 w2} oS80l BWAFH SR 7t
X = AE =ele (a8 34).
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PCoA (Principal Coordinates analysis)

amdl PE {13,775 )
a
5

a4
20 0TE k] ] e L L] LR ok adn 6% LE LEL) 0o 0% B

150 P 20850 )

O8 34, =X AlFEE| Al A ™ Bof| wZE g-Diversity 24

— Taxonomic composition &4 EﬁH phylum =Z0|A = 7+ relative abundancesS H|W 245t
232, FHeIT(NC)2t Blmste) BAHST(VC), 3AHEZ(Chal), 22/ HUHS * SARSZ
(Vac—Chal) 2& TollA Spirochaeles, Proteobacteria®l composition0| Al2IX|= ZEfo|ME2E 9|
BistE EelsH (g 35).

Phylum

o 100y P, 100+

1 | 1
g e | |
w 1 1 1
= 1 | 1
5 : ! :
S sod : : : 50 = ETC(under 1% in average)
E : : : mm Spirochaetes
i | 0 | == Protecbacteria
g_ ! | ! mw Actinobacteria
e : : : == Firmicutes
= o 1 1 1 o mm Bacteroidetes

Nne vC | chal | Vvacchal NC vC  Chal Vac-Chal
a7 35, =X AFFRE] Al A HEBo| w2 phylum =Z0M2| Taxonomic composition =49,
- LEfSe 24 Z 1} AsZolM Gammaproteobacteria®t Bacilli class?7t RelM oz SJlsle AHE

o

SiAD|ME FTHF MUEE 2|5 LEfSe 240l LDA score 2.0 =2} Zlo|M==0] Ci5l0] genus/species
2o WAl HE 770 e Aol E LiEH= Eo|dE 315 =Helsiia(ad 36
(B), NCZ: Sporobacter, Streptococcus. Ruminococcus, Romboutsia timonensis, Desulfovibrio;
VCI: Lactobacillus gasseri, Pseudoflavonifractor, Blautia wexlerae, Bacteroides, Bacteroides
vulgatus, Alistipes, Parabacteroides merdae, Pseudoflavonifractor capillosus, Faecalicatena,
Paludicola, Alistipes shahii, Muricomes intestine; Chalz: Lactobacillus, Gemmiger formicilis,
Subdoligranulum, Blautia, Lactobacillus mucosae, Lactobacillus reuteri, Phascolarctobacterium
succinatutens, Lactobacillus  salivarius, Blautia  luti, Christensenella,  Vac—Chalz*:
Parabacteroides, Coprococcus comes, Ruthenibacterium, Intestinibacter bartletti).
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(A)

Il NC
Il vcC
Il chal
[l vac+Chal

B

B NC mm VC mmE Chal E® Vac-Chal

Intestinibacter; Intestinibacter bartlettii
Ruthenibacterium

Coprococcus comes group

Parabacteroides
................................................ R e T T
Blautia luti

Lactobacillus salivarius
Phascolarctobacterium succinatutens group
Lactobacillus reuteri group

—1
 E— |
———1
——1
=
Lactobacillus mucosae NN =
I
1
i
e

Blautia
Subdoligranulum

g
Alistipes shahii
Paludicola
Faecalicatena
Pseudoflavonifractor capillosus
Parabacteroides merdae
Alistipes

B

|

=

| ——|

——1

| ——_

I —— :
Bacteroides vulgatus | ;

[ |

Bacteroides

Blautia wexlerae
Pszeudoflavonifractor

Lactobacillus gasseri group
Romboutsia; Romboutsia timonensis
Ruminococcus

Streptococcus

Sparobacter

=0
"
v

LDA SCORE (log 10)
O3 36. HHX| AtsEE Al WA HEBo| mE LEfSe 24

fob

2t l5tR S (O 37).
Christensenella®t Blautia= Clinical score, viremiaoll 2¥e| MZUAE HF o0, PCV2b & EHSol
JFoIM= o MAIE eSS, ©HH,  Ruthenibacterium, Parabacteroides, Paludicola,
Faecalicatens, Alistipes, Vacteroides, Pseudoflavonifractor= PCV2b Al BS3} ko AMZLAHE
LHEHA.

J

— LEfSe 2A0llA Xt0|E LIEHH= ZHo|dE 15652 A X3 Alo]o] H2MS =l
O
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B NC EEE V B c [ vc

Climical Score

Viral load in nasal swab
Antibady responses
Neutralizing antibody titer

Viremia

Ruthenibacteriom

Parabactercides

Gl

Christensenella

=

Blautia
Subdoligranulum
Lactobacillus
Paludicola
Faecalicatena
Alistipes
Bacteroides
Pseudoflavonifractor
Desulfovibrio
Ruminococcus
Streptococcus

Sporobacter

=
ha
Y
o

LDA SCORE (log 10)

PCA (Principal Component Analysis)

g 37.

Biplot {axes F1 and F2: 62.83 %)

25 "
2 .
S
15
.
Viral load in nasal swab
1 s
Virernia Blautia L
Christensenella bt F‘W s
P Subdoligramulim
&= 05 .
@
L]
E Faecalicatens AR
& e 4
.
Ruminococcus g o Prlictiziika
Parabacteroides Alistipes g o n®
05 Sporebacter  gpeptococcs| Ruthenibacterium MA
: T
b
-1
.
.
-1.5
® NC # V  C o \VC
-2 L
2 -1.5 -1 0.5 o 035 1 S ¥
F1(38.44 %)
H N= =29 = o hval X = =X ol =
WAl H§E 770l mE d4M X Exet oM E T 2o F

M
(=

i

i

x
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m
=
e
rE
=
44
ne
oE
ufH
o
[

1 HF' 1 2021-01-13

2 HP-2 2021-01-13

3 HP-3 2021-01-13

4 HP-4 2021-01-13

5 HP-5 2021-01-13

6 HP-6 2021-01-13 control HP
T HP-7 2021-01-13

2 HP-3 2021-01-13

9 HP-% 2021-01-13

10 HP-10 2021-01-13

1 PE-H1 20271-01-20

12 PE-H2 20271-01-20

13 PE-H3 20271-01-20

14 PE-H4 2021-01-20

::g gE::g Sg;:g::gg Proliferative enteritis without clinical sign
17 PE-HT 2021-01-20

18 PE-H2 2021-01-20

14 PE-H9 2021-01-20

20 PE-H10 20271-01-20

21 PE-C1 2021-01-20 PE-H/C
2 PE-C2 2021-01-20

23 PE-C3 2021-01-20

24 PE-C4 20271-01-20

25 PE-C5 2021-01-20 : : S B :

26 PE-CF 2021-01-20 Proliferative enteritis with clinical sign
27 PE-CT 20271-01-20

28 PE-CE 2027-01-20

29 PE-CO 20271-01-20

20 PE-C10 2027-01-20

2-2. HX|e| ZAM sFHo wE T o|YS2T EMUH

DNA extraction kit (FastDNA SPIN Kit for Soil, MP BIO)E 0|&35}0{ 28 A|ZZ2EE{ bacterial
genomic DNAE F=&&.
2HOZEE bacterial genomic DNA £ 2 2ME library M2

4

Zl DNAOIAl 16S rRNA X A2 V3/V4 FH S BSZ517| 215t bacteria@ Z 20| (primer) &

1A PCR =™ Al bacteria& ZEl0|H= Nextera concensus—Sequencing adaptor-Target
sequenceE EgstL UF. EJE =Zz2to|H (forward primer) 341F A|ZA A= 5'-TCGTCGGCAGC
~-GTCAGATGTGTATAAGAGACAGCCTACGGGNGGCWGCAG-3’, 2lH{A =Z2lo|MH(reverse primer)
805R AlZA+= 5-GTCTCGTGGGCTCGGAGATGTGTAT AAGAGACAGGACTACHVGGGTATCTAA
-TCC-3’0l0{, 2x PCR =& Al HMESS =Z2Ist7] £I5t0{ lllumina index i5 S502
(AATGATACGGCGACCACCGAGATCTACACCTCTCTATTCGTCGGCAGCGTC) 2} i7index i7 N701
(CAAGCAGAAGACGGCATACGAGATTCGCCTTGTCTCGTGGGCTCGG) S =8tz MEES
5t7| 215to] ALESt.

2|

s
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=35}

SE2AM S (polymerase chain reaction)2 PTC-200 Peltier thermal cycler (MJ Research,
Waltham, MA)E 0|&3t0] &gt SZE PCR &=2 QlAquick PCR Purification Kit (Qiagen,
Valencia, CA)E 0| &5t0{ M 5tof, @& = DNASl M2 QuantiTM PicoGreen dsDNA Assay Kit
(Invitrogen, Carlsbad, CA)2t TBS-380 Mini Fluorometer (Turner BioSystems, Sunnyvale, CA)&
0| &st0{ FAM3. PCR =22 H7[Q S5t Mol Zo|7F 300 bp O|4f2] DNAS MHE.

DNA cttHe| ZIo|& Agilent 2100 Bioanalyzer (Agilent Technologies, Santa Clara, CA, USA)S
0| &5}04
MiSeq2 &&%t sequencing T ¥ ME &,

HHE PCR £H=2| NGS &2 ChunlabS S35t lSHH, lllumina Atel MiSeq ZH|E AtEd

NGS Z1t2 Ho|xl ¥7|MAP2 CLCommunity software (ChunLab Inc., Seoul, Republic of

lo| &F
— =3 -

=
fob

>016_|

-

Korea)& £3501 Taxonomic composition, a—Diversity, B—Diversity &440| 3 E .
Rarefaction 54 &4& &8 sequencing quality =H¢l.

Galaxy =222 A (framework)E 0|2+ LEfSe (Linear discriminant analysis effect size) &4

2-3. HZxl2| SAY FEY LMo wE F n|d=2E Hat

MAZE(HX]) 28 AR 3050 thstod quality filtering =&, & 2,247,504 sequence readsS
Sldien, BAXMOZ 74,917 sequence readss HSHH | 54,124-99,305, 18 38).

Rarefaction curve

oTUs

H A2 , AN Z(PE-H/C)}oll tiistod a—Diversity
EME S8 & 7t HU o= BEAMS AAE Z3, o cikMES UEN = X[ E(Ace,
d , 82| #3&EE LIEH= X E(Shannon,
folE El(Oa8 39). 3AN s&Ho| WM Al Zo| #S8E7t

w
(@]
oM
—~
0>|
0z
F
o
oM
A T
I
ol
>
%
ol
0z
e
F
N
(@]
O
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Richness

ACE Chas1t Jackknife
N.S. (P=0.441) 1500 _ 1500 1508 S, (P=0.
kil 3 N.S. (P=0.268) F NS, (P=0.692) % NS. (P=066)
§ gwoo T gvooo T é T
o z K] 2
b d 3
g 500 g 500 E>3
[ L]
WP PE_HIC PE_HIC HP PE_HIC
Shannon Simpson
[ “ (P=0.004) 0.20
z: — 5 ** {P=0.011)
E —_ g 8.15
£ £ o T
2 H
o 0 505
.00
HP PE_HIC HP PE_HIC
O8 39. =Xl SAM s|&E 2o = g-Diversity &4
- HX 28 AR 305{™EMT 105(HP), 34 3| &HT 205 (PE-H/C)}oll CtH5tod B-Diversity &
ME S5t 2 U o|dEFE EAMS MAlSH Z2op SAM S|EHY 754 w2t 2 2te] 2ET}
HelstH L= 7S 2RISR S (a8 40).
PCoA (Principal Coordinates analysis)
Generalized UniFrac. Generalized UniFrac.
et = 02
E ] . ::{EHJC
= - ™ -
sy o C-I:I-l-
0 o .02
A, (1
0.4
'DS‘! : T T 0.8 T T 1 T
A2 /A0 02 04 08 N2 00 02 04 08
PC1 (18.076%) PCA [18.076%)
O3 40. =X AN S|2E 2Hdof w2 B-Diversity &4,
- Taxonomic composition 242 &5l phylum F=Z0Al 2 Z+2| relative abundanceE Hluw FA{&t
A, AN S|ZY 2ol A Tenericutets composition0| Al2IX|E ZHf o|MEFE 9| HEIE
shelsH s 41).
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Phylum

1007 [ R ———
TR
g 11 1F | !
= |
=
Q
M=
=]
i a0
i=l
£
E_ 0 ETC{under 1% in average)
E " Bacteroidetes
T Tenericutes
o d W Firmicutes
HP PE-HI/C HP PE-HIC

a2 41, HX| SAM S|ZE Mo 2 phylum F=F0|A2] Taxonomic composition =49,

- Taxonomic composition 242 &3l genus T=F0IA = Zt2| relative abundanceE H|W &4t

An, SAIM 3| EA 2P A| | actobacillus, Roseburia composition0| Z+A3H= 2HH | Clostridium,

Fol

mjn
o
o

Dialister, Bacteroides, Shuttleworthia composition2 &7}st= ZHl o|ME2E el Hat
(a8 42).

Genus mm ETCjunder 1% in average|
100 m Unclassified i highe taxonemee ank
. PACDODGET g  Porphyromonadaceae_ue
& . = STepnococcus m Shumeworhia 4
w - ! m Prevorila m Sucteroeoes 4
~ N - = Olibacw m PACDOTIS g
E B - Eubacterivm_g23 = Dialiser 4
= 50- = Agathobacter Romboutia
% - m Allgprevacells mm PACDOTIN g
; m Blauna Megaspharra
=] i Rosetiitla 4 m Terrsporabaci
“ ll o, Tee
0- m Lactobacilus 4 e Closwrideem 4
HP  PEHIC
O 42, HX| SAM 3|&Y Mo 2 Genus F=FMA{L] Taxonomic composition =49,

- LEfSe 241 Z 1} AstFollA Gammaproteobacteria?t ActinobacteriaZl S7lsl= A g &tolst
)

B Mubs 2|8k LEfSe 24{0llA] LDA score 2.0 =2} Fifjo|4 2ol tislo] species

Z x| AN 3EY wMof w2 Zhi 0|8 E 385 S =Helsii2(ad 43 (B),
HP: Lactobacillus gasseri, Lactobacillus reuteri. Roseburia cecicola, Agathobacter rectalss,
Clostridium ventriculi, Blautia wexlerae, Blautia luti, Agathobacter ruminis, Faecalibacterium
prausnitziy, Eubacterium coprostanoligenes, Dorea longicatena, Roseburia intestinalis,
Coprococcus comes, Lachnospira pectinoschiza,  Blautiaobeum, Dorea formicigenerans,
Coprococcus catus, Coprococcus eutactus, Ruminococcus callidus, Murimonas intestini,
Treponema  berlinense; PE-H/CT: Olsenella umbonata, Bifidobacterium choerinum,
Mitsuokella multacida, Desulfovibrio piger, Yersinia enterocolitica, Sharpea azabuensis,
Bifidobacterium thermophilum, Bifidobacterium pseudolongum, Lactobacillus equicursoris,
Clostridium bornimense,  Bifidobacterium boum,  Dialister succinatiphilus, Lactobacillus
mucosae, Lactobacillus delbrueckii, Clostridium celatum, Lactobacillus ruminis, Clostridium
butyricum).
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(A)

B PE-HIC
Bl HP

B

mE FPE-HC mx HP

Chlorobi

eusypeqosjoiderag

I Clostridium butyricum
B Lactobacillus ruminis
I Clostridium celatum
I [ sciobacilius delbrueckii
B [ actobacillus mucosae
B Dialister succinatiphilus
I Bifidobacterium boum

I Lactobacillus equicursoris

B aifidobacterium pseudolongum
B sifidobacterium thermophilum
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B Yersinia enterocolitica
B Deculfovibrio piger

B Hitsuokells multacida
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Blautia wexierae N
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Ez.n- a 0.4+ g 0.8 =
l: =
T 4.5 g 0.%- ‘g 0.6 -
T £ £
% 1.04 " 0.2 £ 0.44
3 g
5 &
Zos4 £0.14 £ 0.24
& = £
%004 " oo = p.0-
ool HP PE-HIC HP PE-H/C HP PE-H/C
¥ 30 - o 5 - 1.5+ 1.0
E E 15 %
: 3 ¥ S o0
= 2p4 = 4104 = 1.0- 2
g 9 g - 0.6
= = =
Ju = 0.4
_E 10+ ,E 5 - S 0.54 =
S =2 . B o2
X X e
=l 0 - - e Q.0 - 0.0
HP PE-H/C HP PE-H/C HP PE-H/C HP PE-HIC
O3 43, =X SAM 3| EE 2ol mE LEfSe &4
. HAMEYA FHIZE S8 FuUn|dE FE A V| S
oY E TED V|7 LS 2o F71AH =ollM v 25 =FE S Solf ciekst &uf 0|8 E
TEAZ SHESIIA &

ol el Lactobacillus gasseri, Lactobacillus reuters,
AHoZ LIEIGE.

|0

=M Ao =HX|e ZANM SFYe &7
Blautia wexlerae, Blautia luti&0] Zf2%=
o|& &all =xlel HBAEN WS 2l Lactobacius?7t FUASH A2 & H2=Z of 45109,
Lactobacillus 0|4 =& 225t X}t gt

AZst X 2oi2[(11F olf)el 2HE AFstod H vits ZMsion], EI|E AEelo
MRS agar, TSA blood agar, colombia blood agar platedilA 38 o|&te| ==EE|E
EZYE MFE.

7|8 =AM crkst Zuf o|MES Eelst7| fls 25Tt 37C 2IFH|O|Eof| A v 2F5to] 0| MES
stE

2oz oJME2 16S rBRNA sequencings S3ll Y¥7IMH S &l

Sol TUOINE &2 Y SHEA

HI|H AEfolM 2 =74 X0|E Sl cletst n|MES 22l|51H9 20, Lactobacillus reuteri,

o

Lactobacillus johnsonii, Lactobacillus amylovorus, Lactobacillus salivarius 455 2 351%S.
1 2| Neoscardovia arbecensis, Escherichia fergusonii, Eubacterium callanderi, Bacteroides

~o =

fluxus, Enterococcus avium, Clostridium colicanis, Eggerthella lenta 78S FI7F 222|519 .
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13
oY
Ral
[N
=

AT MAAH HE
A He P value
(H) (M)
ME 7 HAl (CBC analysis)
M (x10'%/9) 5.65 ~ 8.87 7.43 £ 1.13 6.43 + 1.05 0.067
22 =8l (g/dl) 13.1 ~ 20.5 15.94 £ 2.15 14.43 £ 2.51 0.163
UMME T (x10%/40) 10 ~ 110 18.04 + 13.18 | 76.96 *+ 58.00 0.035
RS (x10%/4) 5.05 ~ 16.76 8.36 + 2.30 23.46 + 30.16 0.163
ST (x10%1) 2.95 ~ 11.64 534 + 2.22 17.25 £ 23.12 0.157
2= (x10%14) 1.05 ~ 5.1 2.35 £ 0.6 3.57 = 3.00 0.213
o (x10°%/4) 0.16 ~ 1.12 0.31 £ 0.08 2.02 + 3.72 0.183
SART (X10%1) 0.06 ~ 1.23 0.33 =+ 0.10 0.60 + 0.65 0.204
AT (x10%14) 148 ~ 484 292.4 + 73.74 537 £ 191.45 0.014
o g4 20 (L) 8.7 ~ 13.2 11.64 £ 1.25 9.43 + 1.17 0.012
TZZANEY (%) 0.14 ~ 0.46 0.34 £ 0.10 0.55 £ 0.15 0.024
"ol slsk HAL (Serum chemistry analysis)
Glucose (mg/df) 70 ~ 143 103.6 £ 12.56 | 111.75 £ 20.00 0.234
BUN (mg/df) 7 ~ 27 16 + 6.84 21.75 £ 16.96 0.260
Creatinine (mg/df) 0.5~ 1.8 0.78 + 0.33 0.76 = 0.34 0.467
Total protein (g/df) 52 ~ 8.2 6.5 = 0.61 6.66 + 0.47 0.315
Albumin (g/df) 2.2 ~ 3.9 3.16 + 0.22 3.36 + 0.32 0.140
ALT (U/2) 10 ~ 100 123.6 £ 164.50 | 165.63 £ 79.22 0.291
532.75 +
ALKP (U/£) 23 ~ 212 55.4 £ 21.50 0.071
620.73
GGT (U/2) 0~7 3.4 +1.2 31.38 + 45.57 0.116
Total bilirubin (mg/dZ) 0~ 0.9 0.18 + 0.07 0.23 + 0.12 0.252
Total cholesterol (mg/df) 110 ~ 320 134 + 38.18 209.88 + 76.32 0.042
, 952.38 +
Lipase (U/2) 200 ~ 1800 | 529 + 201.80 0.056
479.07
feline
250 -
~ 2004 °
}E;,ﬁu- =
£ S
»= 100
£ *
5 9 . v
o 0 seniwwe LA T L L]
-50 - .
3 &2
\\,;b\‘“ é\:s-‘*‘
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1

-2. HIHEBE (7))ol MAA Hs&tof wE ZHo|MEZE 2 A
DNA extraction kit (FastDNA SPIN Kit for Soil, MP BIO)E 0|&35}0d 28 A|ZZFE| bacterial

genomic DNAS =&,
280 2 2 bacterial genomic DNA £Z& 2 EM2 |iprary M %,

FZ %= DNAMIAl 16S rRNA FHALS| V3/V4 Hds SE5H7| 2510 bacteria® Z2H0|H (primer) &

1Ak PCR ==& Al bacteria® Z2l0|{= Nextera concensus—Sequencing adaptor-Target
sequences E&StY UF. ZHE =Z2o|H(forward primer) 341F A|Z@ A= 5-TCGTCGGCAGC
~-GTCAGATGTGTATAAGAGACAGCCTACGGGNGGCWGCAG-3’, 2l A Z2}0|M (reverse primer)
805R A|ZA= 5-GTCTCGTGGGCTCGGAGATGTGTAT AAGAGACAGGACTACHVGGGTATCTAA
-TCC-3’0|l8{, 2Xt PCR =& Al MESS =227l #Istod lllumina index i5 S502
(AATGATACGGCGACCACCGAGATCTACACCTCTCTATTCGTCGGCAGCGTC)2} i7index i7 N701
(CAAGCAGAAGACGGCATACGAGATTCGCCTTGTCTCGTGGGCTCGR) S =gtez2 MEES EElsH|
?/5to] ALZet

Seta AN eSS (polymerase chain reaction)2 PTC-200 Peltier thermal cycler (MJ Research,
Waltham, MA)E o235l $=ad st ZSZ= PCR A2 QlAguick PCR Purification Kit (Qiagen,
Valencia, CA)E 0| &5t0{ & 5tof, @& = DNASl M2 QuantiTM PicoGreen dsDNA Assay Kit
(Invitrogen, Carlsbad, CA)2F TBS-380 Mini Fluorometer (Turner BioSystems, Sunnyvale, CA)&
0|85t EMet. PCR &ES M7|HS5t0 ME el Z0[7t 300 bp Ol&k2| DNASE ME et DNA EHA S
Z0|E Agilent 2100 Bioanalyzer (Agilent Technologies, Santa Clara, CA, USA)E 0|&3t04 X &telst,

—

MiSeqe2 &&3%t sequencing =8 % ME StH
HHEl PCR &=2| NGS 82 Chunlab2 &35t0{ &istod, lllumina ARl MiSeq ZH|E AlEEt.
NGS Z1t2 Hoxl ¥@7|MAP2 CLCommunity software (ChunLab Inc., Seoul, Republic of

Korea)S E£3t01 Taxonomic composition, a—Diversity, B—Diversity =440| s =l
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- Rarefaction 58 2M& &%+ sequencing quality 22l

= -

- Galaxy =223 (framework)E 0|28t LEfSe (Linear discriminant analysis effect size) 24

[

= 24 (PCA; Principal Component Analysis)= O|&35t0{ LEfSe =AM 22 HF0{Zl Zhff o|MZ2}

o4 R|E Afolo] AmY 24 S

T

1-3. HFHS= ()2l MZA ZHol wE Ffo|d=S2E Hal

= 1,154,123 sequence readsE

- g ESE2() 28 AlZ 2550l th35t0d quality filtering &, &
, WA™MoZ 61,365 sequence readsE 2HE SHH 2| 24,470~85,155, 18 46).

Rarefaction Curve [UCLUST , Bacteria]

O 46. BE{S=(71) 289 rarefaction curves

W 28 A2 185{HA 105 (H), A1ZA(HY) &g 85 (M)}oll thstod a-Diversity 242 S = 2+
L o|MELE EMES AAISH Ao &S RFof w2l evenness (Shannon, Simpson) X7}
FoXMo =2 Xo|E H(OE 47)
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OTUs ACE Chaa1
1500 - 16010 1500 -
ns ns ns
10904 eqe 10001 @gg 1000{ @gq
& & i
= "M NI=E
0 . : : 0 : T a T T
H M H M H M
Jackknife Simpson
1500 - 0.4~ A
ns A
1000 . 03
' ee °
i 0.2 I
500 o aan
o [ o o [,
C T T oQ T T
H M H M
O8 47, gte{s=(70)el Z&tof| wE g-Diversity =4
-7 2% AR 183{H& 105 (H), dMBA(LH) et 85 (M)}oll tfstod p-Diversity 2412 Sat
= 2t Zho|MEFE EM S MAISH 2o, Aet R w2l 2 Zhe] 2x Xjo|E 2 (aF 48).
PCoA (Principal Coordinates Analysis)
Woeighted Fast UniFrac
0.10 ) : :
@ Healthy
- A MUE
Shannon v 5 0.054
. Ly
e £k 5]
4 o
v | .'. i
2| * © 0.00
H e ":‘.
4 “-
g 0.05 : ; :
H " 010 005 000 005 010
PC1 29.05 %
T8 48. gte{s=(71)el ZEtof| w2 p-Diversity 24

— Taxonomic composition &4

~

£ &3l phylum ==1} Genus

Hli 24 (38 49).
- Phylum F=ZollAM, AZAA(LYE) ZatollA
3! Bacteroidtes 2} Fusobacteria®l Z&E

- Genus &0 M,

LA () 2 %HEO{I

Bacteroides2t Clostridioides2| 2

SE0|M 2

Firmicutes2} Proteobacteria, Actinobacteria2|

2+2]| relative abundance&

_7|.

M Ruminococcus®?t Enterococcus, Escherichiall &7+ 2
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Phuylum

1001 .
- IR l l II I. 1| I I - -' hers (under 1% in average|
2 E = Aclinobactera
E S = Fusobaclaria
E E 504/ | Fm13c1b.actwia
- = Bacterpidetas
= a Firmiculas
= oo
-]
e
- EEERRAENE N I EREERER ko]
l—rrrrrrrrrrreereeee T T
Genus
1004 =

a® | - I i I II 5 — Fapcabmanas Others (under 1% In average)
& c l I 8 - . mm  Colinssis mm Alinprevaiels
"E = I' mm Unclassifed (achnospracese wm  Faecalbacheniuvm
= E &0 | mm Fusobeclenm Eryslpelatrichaceas Clostrdium
g <% mm FErlerococcus Bifidobactenwm
= a m Cioslndiodes mm  Lachnospinaceae, Cloastndim
= o
@ = i Megamonas
B ‘f, Rumnrosoccus mm aclobacilive

0 ~ Blauhia Longicabina

Bacteromdes mm Preotals

=
I

H M H
O8 49, gH{A AMZAA(HYH) 2Ek 5ol wZE phylumEt genus =Z=0lA 2|

Taxonomic composition =49

A

rr
1o

A stHol M Gammaproteobacteria?t Bacilli class?t fel&M oz E7tst

?|st LEfSe £MollAM LDA score 2.0 Z==z} ZHLjo|ME2o Cfshod
op Ha ot MAA (XY) ZEebtollM Xto|E HE = Zujo|dE 3552
solsIS (a8 50 (B). MAT: Clostridium  hiranonis, Faecalibacterium  prausnitzii  group,
Bacteroides coporcola, Bacteroides plebeius, Coprococcus catus, Holdemanella biformis,
Fusobacterium necrogenes group, Bacteroides coprophilus, Adlercretuzia equolifaciens group,
Prevotella copri, Slackia faecicanis, Paeniclostridium ghonii group, collinsella tanakaei, Roseburia
intestinalis group, Salckia piriformis, Butyricoccus pullicaecorum, Parabacteroides merdae; MaH
(X|¥) =& Enterococcus faecium group, Escherichia coli group, Bacteroides ovatus group,
Clostridium innocuum group, Bifidobacterium animalis group, Acinomyces naesliundi,
Clostridioides  difficile group, Corynebacterium mustelae, Peptostreptococcus canis,
Actinomyces canis, Bacterioides faecichinchilae, Streptococcus salivarius group, Clostridium

symbiosum, Clostridium aldenense).
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I Healthy . e

Baderoideles

I
=

Parabacteroiges merdae [ * I [
Butyricicoccus pulticaecorum IR ®
Stackia piriformis IR .
Roseburia infestinaks grous I . | B -
Collinselfatanaice N i
Paeniclostridium ghanii group I ? F
Slackia faecicanis I w
Prevotella copr [ Jd B
Adlercreutzia equoifaciens group N r i I
Bacteroides coprophilys R e
Fusobacterium necrogeneas groud I = 2
Holdemaneia Siformis . e ]
Coprococcus calus ¥ ..
Bacteroides plebeiss N e

Bacteroides coprocola s . [}
Faecalibacterium prausmizii group e %
Clostridium hiranciis | ™ BB

Clostridium aldenense I ’ U
Cloatridium symbiosum I .
Streptococcus salivarusgrouo N b
Bacteroides faecichinchiiae N =
Actinomycescanis I * I.
Peptostreptococcuscanis [N 5
Corynebacterium musielae IR * u
Clostridioides difficiie group IR - I 1)
Actinomyces naesiundii I .

Bifidobacleriumanimalis grouo N 4 l
Cloatridium innocuum grouo I s
Bacleroides ovatus grous N o I ll
Escherichia coli groue *
Enferococcus faecium group . | I.I

oz 4 - Redative abundance %)
LD& SCORE flog 10} ==
MM AX
8 51, v A MAA(HYG)E e 770l E LEfSe &4

[Le

_51_



- LEfSe 2MoIA X{0|8 LIEHE FHolMS 753t Y XIE Afo|2] ARHY

=
oo =
N

Eol5tG 2 (a8 52,
MAMT: Faecalibacterium prausnitzii group, Prevotella copri; MZAH (L H)

A sbT: Enterococcus
faecium group, Escherichia coli group, Acinomyces naeslundii, Clostridioides difficile group,
Peptostreptococcus canis).

PCA (Principal Component Analysis)

Biplot (axes F1 and F2: 53.54 %)

a e
Cholestero m Enterococcus fascium.. & H
6 Retiu:ulucg,rtEiIirut;in | 4 Cf?sﬂ’fdfdd&sdr‘ﬂin?e A
Platelef. R .-EGEW””F’
luco=se Protein®. : ".__ 1 I.' ! LKP
s A stetococals 4\ (TR 25,
~— LBRIS ‘Rf Yol Actinomyces HI‘
B s naesindii_——WBC-Lymply
= < Escherichiacoli W] P _______:_l_ |
o group EL %N — BC-Eos
£ PCR——— = =
e 0 =
& - —
= - P S .Creatinine
EN 2 . ALT
. a
-
-4 : votella copri
Mpw ™
-6 g Paecaiibacterium
prausnitziigroup
-2
-2 -6 -4 -2 0 2 4 3 2 10
F1({30.42 %)
a8 52, gh7 MAA(XY)Ee 2 X Eet FUoldE § e FH=E =4
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HA9T =l M AR FE(ET)
7. esE0h)el 29 o8 o
T& 3 o] HE 45 =
2 UE|= 4y F
3 QtE| = 1y M
4 al A 4y M
5 LE|= 8y F
e (H) 6 EITSES 8y M - 9
7 Hl & 2| 2y M
8 ZEI= 3y M
9 xE - M
10 FE 12y M
1 i/ TEIE) 7y F
2 nE = Selot 8y F
5 — — —
ol A
2EE() 2 5~ 196yy - Y=3 8
8 CIASE 10y F
9 = 5y F
10 ZE 2| E2ly 11y F
1 s 12y | M ol oha| = of
2 SAZE 14y F 78 3
3 ZE 2lEey 12y F o|4N Ztatd Zek
4 o|Lo{X TA 19y M B et
5 AlH| 2| oF S| AT 8y F ClE A 1S 2F
7|EFAE(T) 6 UE|= 10y M 0 ZAMM ot 11
7 UE|= 9y F RS
8 YL 14y F B
9 AR E 10y M ooy ZHad B¢t
10 EES 13y F Ztet
11 o A 10y F He7s3S
A 28

2-2. HiS=(71)e &4Bof utE Ejo|4EFE ZA
DNA extraction kit (FastDNA SPIN Kit for Soil, MP B

genomic DNAE F&3}

I0)E o|&2535t0] 2 AR ZFE bacterial
2H O ZEE bacterial genomic DNA F£& 2 2M2 library MZ%

FZ= DNAOIA] 16S rRNA ™ XFe| V3/V4 HH 2 S E517| 2510 bacteriad Z2t0|H (primer) &
b

X

-

ol
oot

—
<

PCR =% Al bacteria® Z2}0|lH{+= Nextera concensus—Sequencing adaptor-Target
sequenceE ZE&otl UF. EZYE Z2lo|H(forward primer) 341F A|ZA= 5-TCGTCGGC
~-AGCGTCAGATGTGTATAAGAGACAGCCTACGGGNGGCWGCAG-3’, ElHA =Z2|0|H(reverse
primer) 805R A2 A= 5 -GTCTCGTGGGCTCGGAGATGTGTATAAGAGACAGGACTACHY GGGT
—ATCTAATCC-3'0|0{, 2Xt PCR =& Al HEE5S =2lst?7| 5t0d lllumina index i5 S502
(AATGATACGGCGACCACCGAGATCTACACCTCTCTATTCGTCGGCAGCGTC)2t i7index i7 N701
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(CAAGCAGAAGACGGCATACGAGATTCGCCTTGTCTCGTGGGCTCGG)e =etez H
=2|5t7] 2I5t0] AtE gt

o

=
=

Ml

- Ssta AN e (polymerase chain reaction)2 PTC-200 Peltier thermal cycler (MJ Research,

Waltham, MA)E o|-&3t0o] &gt S == PCR &H=2 QIAquick PCR Purification Kit (Qiagen,
Valencia, CA)S 0| &5t0{ M 5tof, MA = DNAS| M2 QuantiTM PicoGreen dsDNA Assay
Kit (Invitrogen, Carlsbad, CA)2F TBS-380 Mini Fluorometer (Turner BioSystems, Sunnyvale,
CA)E 0|85t M3t PCR &t=22 M7|F S350 ME 2| Zo|7t 300 bp o|ate| DNASE HE.
DNA EHH 9| ZIo|E Agilent 2100 Bioanalyzer (Agilent Technologies, Santa Clara, CA, USA)S
0| &5t0{ A &elet.

R 4F=2| NGS =82 Chunlabs S350 &5t lllumina ARl MiSeq &tHIE ALS et
NGS ZIlz2 9ozl ¥7|MP2 CLCommunity software (ChunLab Inc., Seoul, Republic of
Korea)2 £35}0f Taxonomic composition, a-Diversity, B—Diversity =440| 3=

M2 =35t sequencing quality &el.

Elis

Rarefaction =4

Galaxy =& 2l ¢l A(framework)E 0|28t LEfSe (Linear discriminant analysis effect size) 24

A
ne

02t

2-3. HFEHESE(H)2 2B wE FHoldESZY Hat

!
=

r

T
m
2L ofn

:2 o
0 3

H) 25 A2 28Zo0f| L350 quality filtering &, & 2,624,860 sequence readss
0, HAXOZ 93,745 sequence readss =HHEE(HP 68,598~131,751, 18 53).

Jor

Rarefaction curve

n] 10,000 20000 30000 20000 50000 S0C 7OOOD BOOOO 90000 100,000 110,000 120,000 130,000 140.0007150,000
Reads

T8 53, B ES=(70) 22| rarefaction curves

Z(H), &= Z 85 (L), 7IEtE 115(T)}oll CHstod a-Diversity 24 S
o}, gkel ofHof w2l richness (Ace, Chaof,

2 A= 285 {™A
5t z
JackKnife) X571 Reldoz Xo|E EQl(agl 54).

— o
= ZF HUoldE

o
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— Taxonomic composition &=
Hl 2 (38 56).

M
a

=2 E
= S

CTUs Ace Chaot
250 e 300 - e 300 - o
200
i85 200
100 e
)
0 o -
H L
Jacl-:!(nife Shannon Simpson
300 - ik 08 -
0.6 =
200 <
0.4 =
100 02
: 0o
: L T H L T
ot=of w2 g-Diversity 249
-7 BY A= 288{d4 9B (H), =& 8&(L), 7IEI&E 115(T)}oll tHstod B-Diversity M=
Sst & Z2F ZHo|MEZE EM S AASH Zop Z272tel 2% X0|E LIENNX|= 23 (a8 55).
PCoA (Principal Coordinates Analysis)
i UniFrac
021 A @ | 1 &L
= ‘ :
= o0f-- M. !5-‘4}‘-- T
& e :
o =02 4 ® !
F| 7 [ ]
oo ™
©.0 4 i
06 . i
04 02 00 02 04
PC1 34 362 %
a8 55, HEHSE(7H)el ol wE B-Diversity &4

8l Phylum ==1} Genus ==0llM 72| relative abundances

- Phylum =Z0llAM, B ZZ FollM Proteobacteriall &7} 2 Fusobacteria®l ZAE &ol&
- Genus =M, BlZZE Fol|lM Escherichia®l &7V & Enterococcus®| ZA5 &oldh
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Phylum
100 4 e =

& -E B Femcutes
ﬁ g I Pestecba Sk
T ; o Bacwrcoees
;ii w &4 - BN Actectacters
ig mm Fusobaciers
%E Sum of rure tao (o0 5 %)
o - Uricmssed
0
— 100 5 - & Bl CErarococcus Bl Staphyococcus
g H i U B Dl = = Bauta Pearecoccus
s¢ | LI I ;
b 2 ! BN Eschenche B Ruminocoocus
%E ' l l BN Ciosindiam e Clostidiies
!E o ! I ] BN Foecalimonss B Teraporotecer
%‘E I Bl Saciemides B inbac il
o I , I I B Septocoious N Unciassited Enerobacteriseces
o i l il J = Aomboutna B Fusotacterien
H - T .nc’:,d!m‘f B Femrcicstam Sush of rare tnua (40 5 %)
X O'* Laciobaciug W Unclassified

O3 56. He{Ad 2Eof| UE phylumZt genus T=F0|A129] Taxonomic composition =44

LEfSe &4 Z 1 B ZZ oA NegativicutesZ7t FeAXM22 J7Istes A =elg(ad 57 (A).
HMNO|ME FTEF MUS 25 LEfSe Ao LDA score 2.0 =3} Zhff o|d=Fol cfstod
species TEOAM FAet 21, Ha72n HEZEF, 7B B 0|M X0l E HE = EUHold =
2455 EQlsI¥S(ad 57 (B). MAME: Blautia faecis, Bacillus subtilis group, Unclassified
Faecalilmonas, HRuminococcus faecis, Clostridium neonatale, Unclassified Bacteroides,
Bacteroides plebeius, Anaerostipes hadrus group, Bifidobacterium catenulatum group,
Unclassified Lachnospira, Phascolarctobacterium faecium, Bacteroides coprocola, Unclassified
Prevotella, Cupriavidus metallidurans, Proteus mirabilis, Bacteroides caccae, Unclassified
Ruminococcus;, ®Z&:  Bacteroides caccae;, Z|EVYAEZ T Clostridium — maximum,
Rummeliibacillus stabekisii, Lacofococcus lactis group, Bifidobacterium [longum group,
Clostridium _sardiniense group, Bacteroides dorel).
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(A)

B H Bactemidetes

Acidobacteria

Negativicutes

®

Unclassified Ruminococcus
Bacteroides caccac
Proteus mirabiis [
Cupriavidus metallidurans [
Unclassiied Prevotells I
Bacteroides coprocola [
Phascolarctobacteriumfascium
Unclassified Lachnospira N
Bifidobacteriumcatenulatuim group IS
Anaerostipes hadrus group N
Bacteroides plebeivs R
Linclassified Bacteroides 1N
Clostridium neonataic I
Ruminococcus faecis N
Unclassified Faecalimonas I
Bacillus subtilis group 1IN

isgrou =1 | i B
Blautiafaecis I < * |

Bacteroides caccac .

I SO SO TN S S S S R
[ ]

#
2]

Bactercides dorei I
Clostridium sardiniense group [l
Bifidobacteriumlongum group IR
Lactococcus lactis group I
Rummelibacillus stabekisii _
Clostridium maxinm

=

i
"
4] 2 4 ] Relative abundance ()

LDA SCORE flog 10) - |
MIN MAX

a8 57. gt &0l WE LEfSe =M

_57_



[OA8ER7dAAIE 4t SHA=] A0 dE si=_(1)

iIGEM MEHEHE &

Apdd EAX, 4 H0| HUTE MY 4+ YUS s Y D00 24 ‘ NTISIRHS 1545017872
A ST, 2, 7jo] LY DO RE0|G £4 B MU TY DU UE
=H 01 = = - 1 01|
Hjo| @ == HUTF =5 FHIAFHE 918018-04-1-HD040
= 2g7m | DIHEOTET | oyg | wavizere | am REEESS
g AR EReRs =
el o 2018-04-25 ~ 2021-12-31 I E s
HEE LSRN M E2s 78 028 Lactobacillus amylovorus 1394N20
dEd3
AT E OSSN SRHZ igem-0002684
=] "
Platform | A% 3730% Genelic | 0 o0 SUSMAE OUBSHANSATNS
Analyzer
AMEHY (e QB AR Mucleotide> Nuclectide> DNA
SHY | 2024-12-31 NABIC B3
A wgaAELS QRACE 8910| FHS LT
Ii o = il o = 5 = el =
MEG IR0 = ze| 9 220 2ot HE, FM10E22(2010.3.)00 2/AH5H,
0 AH 2= ALAL Al |%
i | 2 | e

o =
A2 S =0l
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SARIAY At

Z= 4]
o O

] A0S §i=_(2)

o oo - L.
Al SR 2740 HUEE T +UE A FUY OO ZEH0|F £ NTISgHE 1545017872
A G, £, 742 B DO|I2urolF B4 3 w4 TY | L2
: e HYURE HSF FEHAPHE 918018-04-1-HD040
upojomz
E s s3yBETEE | o ” =
P A~ I Ol 24 7| g 2 Ct =i =it =
£7| 2 2 AR ERA F45 =Rt = 2 HUARH
b i 2018-04-25 ~ 2021-12- IHeE HE
HEY SR EOX| M 223 §8 0|45 & _Lactobacillus reuteri 142930
dEgy
i HEFOE ST S SRHD igem-0002683
=i
- "
Platform | 2 "’f::lb_if"“" HANY STFUME OUBRHATSATASD
SRR (HE-OER-ER) Muclectide> Nucleotide> DNA
S | 2024-12-31 MABIC HE
Mg QRIS B HoI0] FHSEL I,

ol Zaof otet HE | H10ZE22H2010.3)0 2|51,
S sESMAE OMESTMHEA AN SE5ASE =0
shuct
E229 20214 128 204
SASMAE
O EFTHNTEFA AL EHE
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[OA8ER7dRAIE 4t SHAI=] A0 dE si=5_(3)

& NTISERHE 1545017872
El L SR, &, 742 LY DO|SEEI0|G £ BN T OjNE U2
HUTE HEE SHAFHS 918018-04-1-HD040
sqzm | ZTUBETET | sng | oavieese g suEzd
bR S 2018-04-25 ~ 2021-12-31 IHEE gE
HEE 0T HM 225 58 0¥ E [actobacillus johnsonii 7409MN31
dgdz
AT = HAO|EEAS SRHZ igem-0002582
=8 AB 3730xL Genetic - = O
Platform ik HEMY SUZLUE NUER AT E TS

CEEE (B -OER- R Nucleotide> Nuclectide> DNA
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Evaluation of the efficacy of ivermectin
against Theileria orientalis infection in

grazing cattle
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Abstract

infection and RBC hemolysis in grazing cattle.

Background: Raising cattle on pastures & known to be beneficial for animal welfare and cost reduction. However,
grazing Is associated with the risk of contracting tick-borne diseases; such as theilerkosis. Here, the efficacy of
wermectin against these diseases and associated clinical symptoms were evaluated.

Results: A total of 68 cattle from a grazing cattle famn were selected and divided into two groups: the control
group (17 cattle) with no preventive treatment and the hemectindtreated group {51 cattle} in which cattle were
treated with pour-on kermectin prior to grazing. The Infection rates of Thelferio orartalis and the red blood cell
{RRC) profile (eg, RBC count, hematocrit value, and hemoglobin concentration) were compared inthe spring
{beforre grazing) and summer (during grazing) between: the two groups. Based on PCR amplification of the major
piroplasm surface proteln (MPSP) gene, 12 cattle were positive for T onentals infection. Phylogenetic analysis
revealed rhat the solates identified in this study concisted of thiee MPSP types (1,
irfection rate Inthe cantrol group during grazing was 3old higher than that in the wemectin-treated group.
Mareover, differences in RBC parameters during grazing were greater in the control group than in the ivermectin-
teated group. In paricular, the hermatocnt value was significantly reduced in the contral growp.

Concluslons The results of this study demonstated that ivermectin had protective effects against T, onenfalis

Keywords: Grazing, Hematocrit, vermectin, Thelena orientals

2 and 7). The T. onenalis

Background

Theileria orientalis is a tick-borne hemoprotozoan parasite
that can cause clinical disease and lead to s eco-
nomic losses o the livestock industry m the Asia-Pacific
region through anemia, jaundice, growth retardation, and
reduced body weight in cattle [1-3]. T. orientalis is trans-
mutted to the host through blood-sucking infected hard
ticks [4]. One of the vectors of T. orentalis is Haermaphy-
salis longicornis, which is the most commonly found tick
in the Republic of Korea (ROK) [5, 6] Anemia and abor-
tinn are common chinical outcomes of this disease [7, 8].
The importance of controlling T, arientalis infection has

* T e, gy el eSS e s
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been highlighted by recent outbeeaks reported in Australia
and New Zmhnd [1, 9. Recently, the prevalence of T
origitalis infection has gradually increased in the ROK,
and several genotypes T, omentalis have been reported
[10]. However, no effective drugs or vaccines are currently
available for controlling T, orietalis

In comparison with conventional indoor housing, raising
cattle on pastures is known to be benefical for the health
of ammals and has many other advantages, including
greater cattle activity, improvements in productivity, good
animal welfare, and reduction in rearing costs and work-
loads [11, 12]. However, raising cattle on pastures muay also
have disadvantages, such as the risk of being bitten by ticks
amd developing infections through tick-borme pathogens
with related clinical symptoms [13]. To prevent ticks and
tick-borne  diseases while maintaining the advantages of
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protective antigen induce functional
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Abstract

spores,

Background: Bacifus antfhracis 15 the causative agent of anthrax, a disease of both humans and various animal
speches, and can be wsed a5 a bioterror agent Effective vaccines are avallable but those could benefit from
improvements, including increasing the immunity duration, reducing the shat frequency and adverse reactions. In
addition, more sophisticated antigen delivery and potentiation systems are ungently required.

The protective antigen (PA), one of three major virulence factors associated with anthrax was displayed on the
surface of Baciilus subblis spores, which ks a vaccine production host and delivery vector with several advantages
such as a low production cost, straightforward administration as it is safe for human consumption and the
particulate adjiuvanticity. Mice were immunized arally (PO}, intranasally (IM), subling ually (51} or infraperitoneally (IF}
with the PA displaying probiotic spore waccine. Jinical observation, serological analysis and challenge experiment
were conducted 1o Investigate the safety and efficacy of the vaccine.

Resulrs: A/J milce Immunized with the PA spore vaccine via PO, INCSL, and 1P were observed to have increased
lewels of active antibody titer, Isotype profiles and toxin neutralizing antibody in serm, and Igh In saliva. The
immunized mice wene demonsirated to faise protective immunity against the challenge with lethal B. anthracis

Conclusions: In this study, we developed 2 B subfilit spore vaccine that displays the PA on its surface and showed
that the PaA-displaying spore vaccine was able to confer active immunity to a murine model based an the results of
antibody isotype titration, mucosal antibody identification, amd a lethal challerge experiment.

Keywords: Mative display, Baglius, Spore, Protective antigen, Anthrax, Mucosal vaccine

A

Background

Bacillus anthracis is a nonmotile fcultative anaerobe
that occasionally infedts humans, rather anthrax is most
often a veterinary concern especially among feld-grazed
herbivores [1] and the live vaccine for anthrax has widely
been used in the veterinary arena with various herbivore
species, Comprehensive understanding and devdopment
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of vaccines for humans were investigated vigorously by
various countries, and the potential vicious use of B.
anthracis as a biowarfare agent prompted to push towards
better anthrax vaccines for humans, not livestodk [2].

The currently available anthrax wvaccines are alum-
precipitated B anthracs Sterne strain crude culture fil-
trates [AVP; Anthrax Vaccine Precipitated) or the AVA
(Anthrax Vaccine Adsorbed) adsorbed onto aluminium
hydroxide consisting mainly of protective antigen (PA)
from cultures of the unencapsulated, toxin-producing B.
anthrags V770-NP1-R strain [3]. Both vaccines require
multiple injections intramusculirdy and a yearly boost,
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Abstract

Bovine coronavirus (BCoV) is associated with severe diamhea, dehydration, and depression,
which result in significant economic damages in the dairy and beef catfle industries world-
wide. However, differences in the gut microbiota siructure and their comelations with differ-
ing physiological parameters between BCoV-infected calves with diarhea and recovered
calves are not well understood. In this study, fecal specimens were collected from 10 post-
weaned calves, before and afier 2 months of fluid therapy, and the samples were used for
microbiota analysis. Following recovery, the alpha-diversity profiles (observed operational
taxonomic units [OTUs], and Chaol, Shannon, and Simpson indices) changed significantly
when compared with those of calves with diamhea. Beta-diversity analysis exhibited signif-
icant differences in gut microbiota compositions between calves with diamhea and those in
the recovered state. The abundances of eight phyla and thifteen genera in feces changed
markedly after restoration of BCoV diarhea. In addition, our comelation study clearty revealed
that increasad abundances of the genera Caproiciproducens, Pseudofiavonifractor, and
Oscilibacter negatively comelated with serum glucose, and phosphorus levels, but positively
comelated with senm chionde in calves with diarthea, whereas increased abundances of the
genera Peptostreptococcaceas, Clostridium (Clostridium cluster X1), Intestinibacter, Calllosi-
Iyticum, Ruminococcus, Rombowtsia, Paeniclostridium, Clostridiaceae; Clostnidium and Turici-
bacter in recovered calves showed the opposite pattem. These results suggest that structural
changes of the gut microbiota after recovery from BCoY infection comelate with changes in
physiological parameters. in conclusion, our data provide evidence of gut microbiota-compo-
sition changes and their comelations with the physical profiles of post-weaned calves, before
and after fluid therapy for BCoV-related diarmhea.

Keywords: Bovine coronavirus, Gut microbiota, Physiological parameters, Post-weaned calf
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Alteration of Gut Microbiota After
Antibiotic Exposure in Finishing
Swine
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Subclimical doses of antimicrobials are commonly used in the swine industry to control
infectious diseases and growth performance. Accumuiating evidence suggests ihat
swine administered with antibiofics are susceptible {0 disease development due to
disruption of the beneficial gut microbial community, which is associated with host
immune reguiation, nutrient digestion, and colonization resistance against pathogens.
In this study, we found that finishing swine administered with lincomycin showed
gut dysbiosis and increased diarhea incidence compared with condrol swine. 163
rANA amplicon sequencing was used to analyze the gut microbiota in finishing swine
administered with lincomycin. The relative abundance of detrimental microbes, such
as. species of Ciostidium, Aerococcus, Escharichia-Shigafla, and Corynebacterum
was increased in the feces of lincomycin-administered finishing swine, but that of
Dactera associated with fiber degradation, such as species of Traponema, Succinivibio,
Fibrobacter, and Celfulosiyticum was decreasad. Maregver, administration of incomycin
significantly increased the enrichment of metabolic pathways related to pathogenicity
and deficiency of polysaccharide degradation. These results suggest that incomycin
treatment could cause severs disruption of the commensal microbiota in finishing swine.

Keywords: antimicroblal, fecal microblome, ewine, gut dysfunction, meta-anatysis

INTRODUCTION

Antibiotics are frequently used for growth promotion, disease prevention, or disease treatment in
agriculture. The effects of antimicrobials on the improvement of growth rate and food efficiency
were defined in the 1940 (Moore et al, 1946}, and the addition of antibiotics to livestock feed has
become & common practice. Given the production and maintenance costs, the use of antibiotics
is very efficient, and experts predict that their use will increase in the future (Ven Boeckel et al,
2015). Administration sub-therapeutic doses of antibiotics, such as ASPS0 (Looft et al, 2012),
Tylosin (Kim et al. 2012}, and Carbadox (Looft ot al, 2014) have been documented to have
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Abstract

Infectious calf diamhea is one of the most significant diseases of neonatal calves. This study
is conducted to identify the prevalenca of pathogens in calf diarhea for 2 years. A total of 544
feces samples from Korean native beef calves were obtained to investigale selected sev-
en pathogens causing calf diamhea: bovine rotavirus, bovine coronavirus, Cryptosponidinm
panvum, bovine viral diamhea virus, Eimeria species, Escherichia coii K99, and Saimonefla
species. The presence of diamhea, the number and species of detected pathogens, and the
cahies' ages were analyzed using various siafistical methods depending on the case. Of the
544 calves, 340 calves (62 5%) had nomal feces and 204 calves (37 5%) had diamhea. The
presence of pathogens was significantly associated with diarrhea (p < 0.01) and fecal scores
and the number of detected pathogens showed a significant inear frend (p < 0.001). Of the
7 target pathogens, 6 were detected in samples, but only C. panvum (p = 0.001) and hovine:
rotavirus (p < 0.001) were found at significantiy higher rates in diarrheic calves than in non-di-
amheic calves. Only Eimeria spp. showed a significant finear frend between the defection rate

of the pathogen and the age groups (p = 0.05).
Keywords: Calf diarthea, Korean native beef calves, Enteric pathogens, Pravalence

INTRODUCTION

Infections calf diarrhea is one of the most significant diseases of neonatal calves, It has affeceed
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Cholangiocarcinoma with Multiple Organ
Metastasis in a Captive Puma (Puma concolor)
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ABSTRACT oo oty ey
A 1T-vear-old capave male puma (Pumig concodor) died affer presemtme anoresaa, vomsting, weishi loss S E
and lethargy. At nacropsy, the dzht middle kobe of the ver was seversly affected by a rumor, and small = BE
furnor nodules were disseminared throushout the ocher lobes, The mumerous fumar nodulzs were alsa caze descriptiens YO wrote the paper
fourd i the lunz, somach, kidney. heant and diaphrazn which were growing together, nmspicoushy writh 2 romcept 15 2 whels.
metasatc, projecting, 3 to 40 mm m dismeter and tawy towhite in coler. Histopathologically, the mmeor
was compased of prominant papilary-acinar smuchmss and the cells had a resembiance fo the biiary wards
cpitheliom  Inmvmmehistochemically, the tomar cells were stronely reactive for cytokematin and CDE0 Juct carcnoms,
and wame pezative fior carcmoembrvonis anfigen, fotoprotein and hepatocyte paraffin- | Taken fogether, T pass et

the numor was diagnosed as cholansjorarcingma. This is the first cass repen of a cholangiacarcinoma in

the poma.

holangrocarcinoma (CCA) 15 2 mabgnancy of the

~liary duct system enginatng from the mhe-or
extizhepatic bile duct epithelmm (Banales or ai, 2016;
Blechacr and Gores, 2008), and it can be classified as
intrabepabie (WCCA), penhilar (pCCA) or distal CCA
(dCCA) according to the anatormeal location (Banales
et al, 2016). CCA=z are relatively imeommon m animals,
although these tumors are the second meost frequent
type of pnmary liver cancer and comprize ~3% of all
zastrommtestinal neaplasias i wman=. Infechon wath liver
flukes (Opizthorchiz vivemani and Clonorchiz sinensiz) 15
known as 3 common rick factor in humans (Banales et ail.
2016; Blechacz and Goves, 2008} as weell as dogs and cats
{Hou, 1964; Schiudt and Langham, 1967). Chher causes
include chronie bactenal infection of the bile duct in dogs
{Ohta er al., 1991) and chemcals such as nitrofinans m
laboratory rats (Marompot e al, 1991), plutonium or
amencum induction m beagles (Tavior ef al., 1991) and
toxic chemical contaminants n lake whitefich {Corsgomus
clupagformiz) (Mikaehan er ol 2002).

Veterinary CCAs have mestly been meported m
domestc amomals such as dogs (Pamak eral.. 1981; Tngo,
1982, cats (Carpenter er al, 1987; How, 1964; Schimedt
and Langham 1967}, horses (Sirom and Ficeabont, 1997},

*  Comesponding author. yeonochi@kangwon.ac kr
D030-2823/2021/0001-0001 § 9.00/0
Copyright 2021 Zoological Society of Pakistan

cattle (Anderson and Sandison. 1968; Bashanello.
1982), sheep {Anderson and Sandison, 1968) and goat
(Dominguez e al, 2001). However, cazes have been
reported in other vanous species meluding polar bears
(Lhows averos) (Miller e al, 1983), ferrets {Jrfu.its.fa
putorius fure) (Garcia e al, 2002), an Adelie pengmin
(Pyvgoscelis adelias) (Rerner er al., 2001), a Flonda
sandhill crane (Grus camadensis) (Allen or al.. 1985}, a
blue-fronted Amazon pamvot (dmazona estiva) (Elangbam
and Panciera, 1985). a double yellow-chesked Amarzon
pamot {Amazona aummmaliz) (Anderson, 1989), a peach-
fronted conwre (dravinga aurea) (Gibbons er al.. 2002),
brown tullheads (dmeirs nebulosus) (Pmkney ef al.,
2001}, a bottlenose dolphmn (Tursiops mumcarnis), a pyemy
sperm whale (Kogia breviceps) (Martineau er al, 2002),
lake whatefich (Coregonus clupeqformiz) (hikzelian ar al.,
3001] and a blue shark (Prionace glauca) (Boruemska ot

2003). Histologecally, CCAs are smmlar m all species,
an.darecump(red of cell: that refain a resemblance to
baliary eprthelivm lined by cubmdal or colummar cells
that do not contain bile (Cullen and Popp, 2002; Stedman,
1982).

Materials and methods

This case study diseusses a 17-vear-old male puma
(Puma concolor) that died after presenfing ancrexia,
vomiting, weight loss and lethargy At necropsy, the
nght middle lobe of the liver was severaly affected by 2

- 307 -



RESEARCH ARTICLE

T Anim Sci Techwol 2021,83(5):1207-1210
hitps-/ /ol arg/ 10,5 157/j25L 2071 £100

JAST

Journal of Antsal Sclence anad Technoiogy
pISSH 26720601 «I55M 2055 0391

L)

Chack far
Mpediskin

Complete genome sequence of
Lactobacillus amylovorus 1394N20,
a potential probiotic strain, isolated
from a Hanwoo calf

Yaung Joon Oh', Joon Yong Kim', Jieun Lee?, Seul Ki Lim', Dohyeon Yu?,
Yeon-su Oh*, Jinho Park®™ and Hak-Jong Choi™

'Ressarch and Development Division, World Inasfifute of Himchi, Gwangiu 61755, Korea
’SMESeMcEDepa'aTEﬂ', Strategy and Planning Division, Word Insffide of Kimchi, Gwangiu 61755,

Horez

’m@wmmwmmmmgm

*College of Veterinary Medicine and Instiute of Veternary Science, Kangwon Nafional University,
Chuncheon 24341, Korea

"\-Eita'ha-y Intemai Medicine, College of Velernary Medicine, Jeonbuk Nafional Universiy, ikean 54595,
Harea

Reosivad: Jun 22, 2071
Fevised: Aug 12, 2021
Aocepied: Aug 27, 2021

author
Jinho Park
Vetermary Intemal Medicine, Cofiege of
‘Veternary Madicine, Jeoribuk Nationa
Uriversity, Tesan 52508, Korea
Tak +52-43-850-1048
E-mai: jparkilijoru.ac.ir

Choai
Research and Development Division,
World IrsStute of Kimehi, Geanggu
1735, Kerea
Tt +52-42-810-1728

Copyrght & 2021 Korean Sociaty of
Animal Seiences and Technology.

e ongnal work is propery cited.

ORCH

‘foung Joon Ch

It orcad orpDO00-0002-042 24525
Joon Yong Kim
Frttprsforesd ooy DO00-0002-3668-3375

Frrps:f e w efastorg

Abstract

Lacfobacilis amylovorus are known to exist in the intestinal flora of healthy caftle or pigs.
The L. amylovorus strain 1394N20 was solated from the feces of the Hanwoo calf (Bos
faurus coreanae). The genome of strain 1394N20 consists of a single circular chromosome
(2,176,326 bp) with overall guanine + cyiosine content of 37.8 mol%. Moreowver, 2 281 pro-
tein-coding sequences, 15 rRMAs, and 65 IRNAs genes were identified in the chromosome
based on the resulis of annotation. The bacterium has a gene encoding endoglucanase, an
enzyme that hydrolyzes the 1 4-8-D-glyeosidic inkages in celiulose, hemiceliulose, lichenin,
and cereal B-D-glucans. Genomic sequencing of L. amyfovorus strain 1394MN20 reveals the
immense potential of the strain as a probiotic with nutrient digestibilty.

Keywords: [ actobacills amyiovarys, Hanwoo calf, Whole genome sequencing, Endoglucanase

According to 2 recent study, microbial colonization of the intestine by diverse micmobiota begins before
birth in mammals; however, the micobiota changes rapidly in the early posmatal life [1]. Lactofeils,
a microoganism found in the intestinal flora of mammals such as cows and pigs, has the ability to
inhibit the growth of pathogenic microorganisms by lowering the colon pH, and hence is widely
used as probiotics [2]. Several microorganisms use cellulose as a carbon source, which is a majar
component of plants. Cellulose can be hydrobyzed by cellulase, which ts composed of 8 -1,4-ghyocsidic
bonds, promoting the composting of organic matter and improving feed efficiency by increasing its
binavailability in the intestine of livestock [3]. The most important source of energy in mminant diets
arc carbohydrates, which are major precursors of lactose and fat in milk. Microorganisms present in the
rumen facilitate the use of energy from fbrinous carbohydrates, such as cellulose and hemicellulose,
which are bound to fibrin and lignins present in the cell walls of plants [4].
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Electrolyte and acid-base imbalance in native calves with enteropathogenic diarrhea

Seongwoo Kang', Jinko Park, Kyoung-Seong Choi', Kwang-Man Park®, Jin-Hee Kang®,
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Absract: Disrhes is the most common cawse of death in cabves, and remains a major heahh challenge. Althowrgh there ane many
studies on the related pathopeass, the wderstanding of e ¢linicopathological changes i limited. This stdy aimed to identify the
pathopens and chserve the olinicopathological changes in dectrolyies and acwie phase proteins {APPs) asocisted with diarrhes.
Blod samples and fecal samples wene colleced from 141 cabves for the determination of APPs, clectolyie and acid-base states and
identification of emteropathooene, respoctively. Single or co-infections with ¢ meropathogens, inchading vine {hovine viral damhes
vins, oomnavine, and motavines), Eimens, Crypiosportdiom, and Excherie e coli K99 wene detocted in both non-diambeic and
diamheic calves, Levels of APPs such as serumanmyloid A, haptoglobin and fibrinogen were comparable between diamheic and non-
dliarrheic calves. Hypozlyoemia, high Bood urea, electrolyies and ac id-Tase imbalanee | lyponatremia, ypochloremia, and deereased
hicarbonate), and strong i difference (SID) acidesiz showed a ignificant association in diartheic calves {p-<0001). Particularly,
sipnificant hyposatemia, bicarbonate los, SID acidosis, hypoglycemia, and elevated blood wrea nitrogen wene: found in rotavines-
infocted calves. Monitoring the clinicopathological parameters of APPs and clectmlyte levels could be vital in the clinical

management of diamheic calves.

Keywards: cattle, diamhea, ¢ lectralyies, acid-base imbalance, acute-phase [rateins
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Introduction

D¥iarhea is the most common cause of mor@lity o young calves, and thare-
fore amounts to productivity and cconomic losses to the livestock industry:
Dezpite our knowlkedge of the pathophysiolegy of calf dimrhea and technolo-
gies availble for the identification of pathogens, its management remains &
major challenge. Currently, Escherichia coli K99, Cryplosporidium, bovine
rotavine (BRV), and coronay rus have been found to be associated with calf
diarrhea [1].

Muost enteropathogens are known to cause both seenctory and malahsom-
tive types of diarhea. In secretory disrthes, toxing from the anieropathogens,
mamely BRV and £ colil £99 induce secretion of sodium, chloride, and water
into the intestinal lumen. Vins infection destroys mahre enemeytes in villi
causing villows atrophy, conssquently decreasing the intestinal surface area for
cffective ahsomtion of fond. Following this, malbsorptive diamrhea sets ing
unahsorbed glocose and othe carbohydrates create an osmotic load pulling
fluid into the lumen resulting in an mcreased fluid secretion from the aypts
into the miestinal lumen relative to villows abzomption, leading to diarrhea [2)
Lozs of water and hicarbonates along with a decreaszed glomearular filtmtion
mate in chronic diamhea causes acid-base disturhances [34] A decreass in
strong fon difference (SID) is directly responsible for strong ion acidosis and
acidemia, and therefore there has been a growing interest o siudying the SID
of electmobyies | 5],

Acute-phase protems { APP=) are a class of blond proteins whose concentra-
tign changes when animals are subjacied o =temal or intenal challenges,
imcluding infection, inflammation, surgical tauma, or stress. Duning an infee-
tiom or tissue damage, the production of APPs moreases o the liver, com-
meonly referred 0 as acute-phase response [6] APPs are considered as non-
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Analysis of hematological changes in normal and diarrhea calves
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(Received 6 July 2020; revised 12 Aungust 2020; accepted 15 September 2020)

In order to effective treats a sick calf, it is nocessary 0 obtain accurate information abowt the patient’s
condiion. Howeyer, the standard meferences for Korean catile claves am not well known, Therefore, this
study aims to present useful clinical values by analyzing nomal blood and diarrhea blood of Hamawoo
calf. Recently, with the advent of a portable blood analyzer, it is possible to immediately analyze the
paticnt’s condition and severity in the ficld, not in the laboratory, and to caloulate a suitable dozage
for supportmg fluid therapy. Therefore, in this smdy, the distribution of red blood cells (RBC) and white
blond cells (WBC) were snalyzed in normal and dimrmhea Hemwoo calves, As a resukt, Hematoont
{HCT) levek merease significantly between | and 20 days in diarthea positive calves. Changes in leuko-
cyte composition had similar growth pattems in nommal and diarhea calves. As it grow, the proportion
of neutrophils deareased and lymphocytes inaeased, However, the mumber of WBCs increased from |
i 10 and 21 to 30 days in diarhes positive calves, which is closely related i the increase in

neutrophils, Therefore, those data can be used for diagnosis and treatment of diarhea calf

Key waords : Calf dismthea, RBC, WBL

INTRODUCTION

(alf darhea is the most important factor m the death
of newbom calves and can cause senious economic loss-
s o bvestock farms. Therefore, the cases of calf diar-
thea have been studied a lot, especially studies on the
development of mpid diagnostic methods for infactions
pathogens and finding out the comelaton bebween such
pathogens and diarhea have been reported. Acres o al.
{1977) mvesigated the provalence of ETEC and Hota
virus m acute calf diamhea and Don @ al, (1980) smd-
ied on pathopenicity for the feml calf following mater-
nal mfection. But only epidemiologic investizations of
discase outbreaks have been meported m newbom calves
of Korean natve cattle (Hmwoo) (Kang et al, 2001
Kang o al, 2004; Kim o al, 2115}
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PRI esspersfowrcicd coar QN0R0C0R0 § S 2365707
These fire ton smhors conmibmed equmily o this work

Cognright © 200, The Konan Soceny of Vaernan Senvice. All Rights Rmenved.

On the other hand, the disease causes the loss or ac-
amulation of water and major electrolytes in the hody
depending on the cause. Especially m newbom calf
within 1 month of low weight, these changes can be
even mare fatal to life (Dome ot al, 1980; Tapori et al,
1950). Therefore, accurate and rapid analysis of changes
in these components depending on the seventy of the
discase is required (Kwon et al, 2000; Yimer et al,
2015). In other wonds, biometric. mformation, which can
quickly understand the state of heabth is also mnportant,
s well a5 the dizmnosis of the pathogen, for the effic-
trve treatment and mansgement of sk calf.

However, most reports on bowvine blood levels and se-
um biochemistry have been conducdted only m adul
cattle {Cirove- White: and White, 1993 Hantmam and Reder,
19495, Constable et al, 2004). According to Bradford P.
Smith, detailed normal mnges of bovine blood and clec-
trolytes is presented, but no reference dependng on the
age of calf is provided. In addition, Hege (. Bnn-Hansen
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Introduction Materials & Methods

ﬁlm the foot-and-mauth disease (FMD], one of sbx OIE pdnrhydmss.‘\ M:ases were analyzed in 30 of selected farms, which consisted of 17 M-\

has swept away Korea, the government has turned to “FMD free with o immusne farms(17 farms) and bad (13 farms) plg farms
vactination” as a Ivestock disease control strategy. Afterwards, the FMD ® Fifteen of pigs, 15kg in weight which were negative for PRRSV and PCW2
vactination has been performed natlonwide with a penalty policy when were purchased, acclimatized until 20 kg in welght, and randomly
the immunagenicity called the antibody positive rate against FMD was less divided inte 3 groups according to the antibody titre to FMD; high,
than 80% amang the herd intermediate, and low groups.

® With the penalty policy, falrmtr;clallnsdalm becatse they axperienced » Microblal DNA was extracted from gut samples ta be used as a template
AUMErous di.iﬂ‘epﬂ'bdﬁlh field: plgs under the same management for PCR. Sequencing was performed on lon PGM using an lon 376 W2

d different | The study was performed to chip and lon PGM sequencing 400kit.
;wenlgahewhytheplgsnnghn;ed from the same sows displayed ® After sequencing, sequence reads were filkered using the PGM software
different iImmune responses under the same management practice and to to remave low quality and palyclonal sequences.
develop the effective vaccination protocol. & Operational Taxonomic Units (0TUs) were clustered using the IME and
l\l!lcroiﬂ! 165 Reference Library w2013, Greengenes v13.5 database.

Gut microbleme pattern based on serology to FMD vaccine

/I{nrean situation of FMD

Py FaSSsETa
: Nationwide FMD outbreak [2010~2011)
Dusration: Mow 28, 2010~Apr 3, 2011{126 daysh oy
Locatio 11 provinces, 'S areas
Is
i Ol
Pigs- 331 thousand [38%) &
Miscellaneous: deer, goots otc
Eronomic loss: mare than $27.8 million -
- - 7 [r—
Results of the study: risk assessment
+ The result suggestad that 1) vaccination frequency, 2) gilt vaccination, 31 maternal
antibody interference, 41 vaccination before farmowing, 5) dean needle use, &) right
dose, and 7) Inflammation {non-specific host immune response] were found to be au
important roles in immunogenkoty at post FMD vaccination,
+ However, 1)an agent for strass relief, 21 vaccing storage and warm up before use,
and 3} syringe types (manual or automatic) did not significantly affect antibody S

formation rate.

Discussion and Conclusion -

/ﬁul Microbiome includes all of intestinal microorganisms, mioroorganism EHMN
genetic material, and whole corralanions betwesn gut and microorganksm,

MiCrags gél'lin' and ms LHJI'.II"J:'II“' 1, ar d environmant and 'rlltlﬂurg anism.
+ 10" microorganisms exist,

+ Approximately, 1,000-35,000 species are distributed,
+ Most of them require functional analysis.
+ Total weight: 1.5~ 2.5 kg

+ Genome slze s bigger than eukaryotes by more than 150 times.

+ In parthoular, intestinal microbial analyss has revealed that gut microbdome play a
significant rolein the pigs’  health status and furthermore In the proper Immune
formathon.

+ It Is expected that the porcine gut microblome analysis and its use on management

\Jl’attlc! could improve general health promotion in herd eco-friendly. /
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Major Bacterial Diseases [Enteric] & Swine Enteric Virus [Enteric)

Species-level hactenal commumity profiling of the sow fecal microbiome using
Pacific Biosciences sequencing of full-length 165 rBNA genes

Teonsu Of', Ho-Ssons Cha”

Deparmment of Veterinary Pathology, Collsge of Peterinary Madicing and Iutitues of Veterinary Science,
Emgwon National University, Clhumcheon 24341, Republic of Eorea:
*College of Vetaringy Madicine and Veterinagy Diagnostic Canter, Chonbuk National Uwiversity, Boam 54506
Republic of Eovea

Introduction: The sow bam accommedates sows m
different parities from 1* paity to 5 more parity. It is
already well known that piglets bom to 2™ or 3 parity-
sows have a more stable health condifion than paslets Som
1" pantty-sows. The mportance of ammal gut mocrobiome
&= wadely acknowledeed as = prvotal roles m the overall
health and welbemz of ammals The  amormal
Zstrointestimal tract 15 colomzed by 2 conmplex ecosystem
of microorganizmes. Imfestna]l bacteia are not omby
conmmensal bt they also mdepo 3 syonotc co-evolafion
alonz wath thew host Beneficial intestinal bacteria have
mumerows and moportant fimctions, egz., they produce
vanous miments for thewr hest prevent mfiechons, and
modilate the inwmme fanchon MNewbon pizlets m every
fam have presented vamable bealth condhons and
response to vaccnaton, mfecton or chimeal mfervention
Those dufference mizht be sohved through explonns then
mothers’ gt mucrobione. Ths study was performed to
sobve that question. The health of pewbamn piglets would
vary acearding to the gut mucrobiome of sows m different
parthes, which were amalyzed in this research o the
asmmuption. It s necessay for the mmproved health
condition of animals to achieve, mectore, and mentm a
frvorable balancs and i actvity of mbestinal microbime
m the gut ecosystem In ths study, we charactenzed the
gut bactenal commmmites of 25 sows o different parties
from feces wia high-thronghput sequencing technology on
PacBio platform

Matenial: and Methods: Twenty five fecal sanples from
25 sows with different panity (pansty 1, 2, 3, 4 and §) wee
wad to analyse m s study. The DNA wos anphified with
DOhmunz adepter znd mdexed PCR praners wsing a
duzl-mden saquencns statezy to Grzet the bactenal VIV2
165 1B3A pene. Fach PCE wes done m tiphicate with
was pumfied with AMPme XP beads (Agencowt
Bioscience). The bbary size was confinved on a Tape
statons  (Azlent Technologies) before subnmttng for
MiSeq sequencmg uung the 600 eyele MiSeq reagent lat
V3.

Results: As a result. the Panity | sow group consisted of

12 phyla, the Panty 2 and 3 sow groups consisted of 11
pinla, the Panty 4 and 8 sow groups conacted of 14 pinda.
The result of relatve abundanee anabras suggested that
the proportion. of bactenia m Temerioures disappeared as
the paity mereased (P-0.01). The prnepal coordinate
amatyas (PCoA) resulted that those sow groups had thear
own distinet clusters (Fiz 1)

Fiz. 1. Prmcipal coordinate smalyziz (PCod) was
showed that the sows harbor distmet bacterial taxa
Bazed on memberhip, bacterial commmsiges from
sows with panty clustered together and separated from
those fromn different parity sow: which explained dhe
largest amount of vamation.

Condugons: Pan-hacteal 165 (FMA mioobiome anveys
techmolopes have tansformed commmmty mmcrobiolosical
stuches. Herein, we present 2 mmerobiome anabysis pipalme
that takes advantape of PacBio circular consensus
sequancing (CC5) wechnology to sequence and enor corect
full length bactennal 165 FMA penes, which provides
high-fidehty  species-level mucrobiome data By
paity  distnet chisters of @t mucorobiome  were
obsarved and 1t 15 expected that those results and finther
related reseach will help to pap moe predse
relationships  between st mwcrobloms of zoms In
different panties and then piglets bealth status.
Aclmowledeement: This mssadh wes appomxd by Forea
Iamwe of Poonms amd Evaheton fir Techoology m Food
Asicinze and ForesmyTET) tooagh Amiourml Mioohiome
D Drogom, fimded oy Memsty of Azmoshre, Food and Fum
AffursMAFR AY12015-04-+ 38010,
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The efficacy of probiotic, prebiotic, and synbiotic treatment against
Lawsonia infracellularis infection in porcine

Sulhi Aufa’, Kim Jihye' eong Chof, Yeonzu Oh'

n Matic

feeroaonn

Forcine prolilemlive anfemaalhy (PPE] & an inledling infacliouw dissaie caused by Lonwsanir nkoceduion an obiigote infracelulor bocheium, This diescrss i
chamclaized by iha thickaning of ntestinagl mucasa cue to entarccyia profferofion in smaoll inteslings, cancum, or colonin pigs {1).

Treatrrenl By aiving antiricratial in fesd suppkemen hod Boen wsed oooined his degsase. Mulitiond rfersention nos Deen conddered 10 be a patenliol
irpatmant to coniral the L. noceiulon: infection by manipuioting the gut microbiome. Thas, this shudy wil show the efficocy of probiclic, prebiotic, and
syniziots raatmant againat L. infoceluos nfsclion by anavang the ntestinagl hislopat ooy,

+ Sixlean pige were wed andtaparoted Into 4 diterant groups o Toliows

Hagolive Candred  Narmal Feed

Lk nsa bl Cruloige
; i {injecson)
Duadenum Pt ool o] v

o Peec o fuimd
High Carncearotion Probactic HE PROY TIF g
Lo Gancenhalicn Probisic 4G PROT WP chymn
High Cancesmmtion Pretectic HE FRE 1P exwimm
Senioinba (L PRCHHG FRE] 10 o

Full necropsy were peformed of 23 dps with pos! mortam: evoivation and
sornple colaclion fom vilad organ as wel of intestinal argan,

Duoderum, jejnum, leum. ard colon from egch grovp were routinely
procassad and cul of & pr for hoamatowlin & eosn (HE| starng. than
aacrinad undar ight mecrascope.

Hislopalhalogica! esominalion rom eoch group were sooed Trom § jnomal| o
4 [savmm) by arckang ihe enteccyie proiferaton, crapl hyperplosia, ond <8
charmcge,

£
§

Higlopottglogy finging
00 TRl ChOngel
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nireg anctor Batharing i
y Mmthrie Ty e, i i el g, ond mod e

Figuss 1. Hehipalhokgiul appsranc ol Cuoenum, e, o, ard colon bam
it v g oo et with Pugalhr Condnal BeMmitiee prolesa o ol on ey
TSIV PR WACKS SaRaTY O RN SR OF NCHTYE PG i (S00ei 510 8] il
HE PRO (2en 3.

Rty il

[baraes Cra! e pionin, visocy s prodbamiion; ord sesee vl
akoginy

Compis bem af wlimacture Wi pees artsmoyiepiclianetion

+ Probiolics. praniofics. and yynbintics ane indreasingly bang used 45 a Yediment or
savana medkool condtion such as cllorgic disposes or variaty goskontestinal dsorder,

» The exomple of probecdics caleganies in wee ore ioclic-ockd backerio (LAB|. Escherchia
coli shains, or yeosl [such as Socchoomyoss bouondd). Frebiolics such oz locluloss,
Irsuling or olher cligoeacchonces which can be lound n onion. asporagus, iecks, o
oriichoke, decmvwhia the synbiohics ore o compbnetion of o p‘ul:lohc ond a D“W‘O‘li(

+

2]

Heinpathologioal anaksk of duodenum, jejiunum, ikewm, ard colon from eoch grouvp
WG COMponed 1o negote contnsl and rormal tead crows All orgon oen noemal
fmed oy soonsd Dehwesen 3 bo 4

[re mfiRclvenass of frealmen! wos seen on synbiolic group which scored befwaen | fo
2.5 for aach orgon The savanty of crvpd hyparpiosas enterocyhe prolitanction. ond il
chamage were oy in s rioodic groop [Fig 2).

+ Eynbiohc frectment showed sfieclive rectment of L infoceluon inf=clion in poncire,
Further svaiation of gui micrebior reledec to L nocesulon frsatment wilh probdolics,
prabictics dnd synbsalic B nesdecd

+

[1] ros R, MOChcD MA, GURcoe Ma, Peeea CER. Resarae TR, Gegron C2
infraTetoiony in pge - prograskin of lesons and reclvsmenl of opoplod, Ve P! 5414]

13 verno EC, Lucok 5010 4se of probiofics in amsraiiesiingl deonders @ whal 1o recommend?. Trer :
Aok Sosroerdarsd (5] @ 300217
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: sty of crapt trppeEm e i Hargbon, mnd vl canacs on eyrbtic
et e | 1D Crompamet o ol el e,
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tor Blo- inciusiry. Minisiny lor Agricuihire, Food ard Rural AHois, Repubsc of Korea,
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Relationship between Canine Meningoencephalitis of Unknown

Etiology and Gut Microbiota

ABSTRACT

Menngoencephaliis of uknown etiology (MUE) = the immune -medinted dsease of the
caning certral rerous sysem (CME), which models many =pects of muitiple soemsis
in hurmn. Emerging evidence has shown that alteration o the gut microbicta meoed o
soveral neurcdegeonezrmbive diecrders end cercbml vasousr dseases. Howewer,

niformation mgarding the comdation betwesn MUE and gul mombicla n canire s
imited. We compared thefec | micnobion between # dogs dognosed with MUE ard W0
heal by doge using 765 rRRA. sequencing. Degnostic st indude magnalic resorancs

irmaging &R}, cembnes pral fuid (C5F) arabysis, compleds blood aount (CBE | aralysis,
and smrum chemstry analyss. Owr fres dsomirent anslysic efect size (LESGa)
mesuks revealod that noewsed abundsnos of spocfic spedes n the MUE gioup, ssch
= Erdercorcus feoum group, Sscherchis ool growp Acinemyoes. nsesiund?, ard
Ciostridhoide s dilfafe group, which @ krown o be assodaked wih CHS rflammaiion.

I cortmet, the abundance of Fascalibacienum preusrinf group, whidh is nown o be

amocmbed wih devdoprmenl of mulipl sclercsis, was decreased i the MUE group.

kictably, the alleralion in theso gt microtes was shlisbcally cormiated wih CBS ard

soum chemigry vales according o CME inflammation. Ths sudy provides broad
understarding of alemiion of the gui micobicl in canne wih WUE and mvimied
some baciernl bomarkers in the gut ane rela bed o a canine MUE

MATERLAL 5 & METHD DS

To evakide 1he mlafonship Sdwesn caning CHS (MUS discme and kod microbold compare
itk i bkl g e
Facal samples provide by Oy eengs ang Matlenal Univessity Selnal Modied Cormer.
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Microarray amalysis of microRNA for early stage fat necruosis

in Bos faurus coreanae

Sang-joon Lee, Sulhi Aufa, Taeveon Kim, Krisdianti, Yeonsu Oh*

Department of Veterinary Pathology. College of Veterinary Medicine and Institute of
Veterinary Science. Kangwon National University, Chuncheon 24341, Republic of
Korea

Fat necrosis wusually occurs in cattle and is characterized by the formation of
necrofic fat masses on the various organs. In previous study we confirmed early
stage fat necrosis in a G-months old calf wia gross and histopathological analysis and
suggested pancreatic imjury from serum chemistry results; hyvpertnglyceridemia,
hyperamylasenua. hyperlipasenua. and elevated ALP. The recent researches suggested
that either pancreatic injury or clinical metabolic conditions related to the pancreas
may play a key role in fat necrosis of the calf In human medicine, diabetes
mellitus 1s proposed as a possible cauvse for fat necrosis. In present study, we
performed microarray analysis of several microRNAs for diabetes mellitus profile in
a G-months old male calf with fat necrosis.
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Microbial Community Structural Changes Related te PCV2 Vaccination and its Challenge in Pigs
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Hak-Jong Choi', Yeonsu Oht"
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A novel live and dead cell discriminating method to determine the minimum inhibitory concentration
(MIC) of antibiotics of Lawsonia intracellularis based on PMA-gPCR

Ho-Seong Cho’, Byoung-loo Seo’, Sung-Hyun Moon®, Somin Lee?, Yeonsu Oh?, Byeong-Yeal Jung®,
Dongseob Tark*

'College of Veterinary Medicine and Veterinary Diagnostic Center, Chonbuk National University, lksan
54596, Republic of Korea; “Department of Veterinary Patholagy, College of Veterinary Medicine and
Institute of Veterinary Science, Kangwon National University, Chuncheon 24341, Republic of Korea;
IBacterial Disease Division, Animal and Plant Quarantine Agency, Gimcheon 39660, Republic of Korea;
‘Department Korea Zoonosis Research Institute, Chonbuk National University, Iksan 54531, Republic of
Korea

Introduction: Proliferative hemorrhagic enteropathy (PHE) and proliferative intestinal adenomatosis (PIA)
caused by Lawsonia intracellularis (LI) resulting in diarrhea, a rough hair coat, anorexia, and growth
retardation in finisher and grower pigs. Up to now, antimicrobial therapy remains the only treatment
available. Tiamulin, tylosin, lincomycin, and chlortetracycline have been commonly recommended and
used in the field and oxytetracycline, valnemulin, doxycycline, josamycine, and leucomycin were also
known as effective according to field experiences, not from the exact in vitro antimicrobial susceptibility
testing (AST). However, AST could not be easily performed for LI because it requires complicated cell
culture system and particular atmosphere for its growth and proliferation. Propidium monoazide (PMA)
is a photoreactive DNA-binding dye that inhibits PCR amplification by DNA modification. PMA
intercalates into the DNA and can be covalently cross-linked to it, which strongly inhibits PCR
amplification. Therefore, the aim of this study was to develop a nove| live/dead cell discriminating
method to determine the minimum inhibitory concentration (MIC) of antibiotics of Lawsonia
intracellularis based on PMA-gPCR.

Materials and Methods: The 10 novel L. intracellularis field isolates were obtained from hemerrhagic
region of the small intestine from a finisher pigs with PHE (CBNUDD1, CENUDD2, CBNUDO3, CBNUIOOS,
CBNUDOG, CBNUQOT, CBNUDOS, CENUDD9 and CBNUO10) and lactating piglets (CBNUDO4) in 2013 to
2019. The isolates were prepared in IEC-18 cells and harvested and then, the AST was conducted by
determining conventional extracellular minimum inhibitory concentrations (ExMIC)s, intracellular
minimum inhibitory concentrations (InMIC)s and PMA-gPCR against isolates.

Results: Our results showed that Ct value of PMA-gPCR assay was correlated with patterns of
conventional ExMIC and InMIC in Li antimicrobial activity test. Therefore, Modified method for the MIC

determination of LI using PMA-qPCR were useful to evaluate antimicrabial susceptibility and to save the
time to detect.
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Table 1: MICs and PMA-gPCR for Tylosin and Tylvalosin against CBNUOOE strains of Lawsonia
intracellularis isolated from Korea

MIC (ug/mi)*

026 05 1 2 4 8 16 32 64 128 256 512

Extra MIC*CL

Macrolides
B¢ R R R R R R R § 8§ 5 § §
mac R R R: R R R IEENEESE NS

Ty ct 17.18 1682 16.80 16.78 1642 16.28 1658 1830 1933 19.87 2023 2133
H1.45 012 £0.11 #0.38 1016 £0.28+0.11 002 013 006 =004 +028
Bac. R R _R__R [ESHEEEEEEEEN RSN S EE
wic R RS ESE RS R NS S SRS ST s
Tylvalosin

17.28 18.44 16.35 1661 18.10 18.78 19.04 2004 2088 2140 2296 2385
£0.10 £0.03 £0.25 £0.28 40.23 $0.62 4042 $0.12 4078 018 2007 017

" MIC s defined as the mnmum animcrobial CONCENtraton Hecessany o nhibd 995% of the growthof L inracelidsmsrelatig 10 8 drug-free

Ct

control
* Control Ct=16.68+0.11

Conclusions: We need to new and rapid antimicrobial susceptibility test against Lawsonio intracellularis
isolated from pigs. Ct value of PMA-gPCR assay is correlated with patterns of conventional ExMIC and
InMIC in Lawsonia intracellularis. Although, there is a limitation to the number of antibiotics and field
isolates, this modified method using PMA-qPCR for determining the ExMIC and InMIC of Lowsonia
intracellularis was useful to evaluate antimicrobial susceptibility.

Acknowledgements: This research was supported by Korea Institute of Planning and Evaluation for
Technology in Food, Agriculture and Forestry(IPET) through Agricultural Microbiome R&D Program,
funded by Ministry of Agriculture, Food and Rural Affairs{MAFRA)(918018-04-4-58010).
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Effects of synbiotics-based feeding program to prevent ileitis in pigs

Ho-Seong Cho', Yeonsu Oh?, Byoung-Joo Seo!, Sung-Hyun Moon?, Somin Lee, Da-Yun Bae’, Dongseoh
Tark?

'College of Veterinary Medicine and Veterinary Diagnostic Center, Chonbuk National University, lksan
54596, Republic of Korea; ‘Department of Veterinary Pathology, College of Veterinary Medicine and
Institute of Veterinary Science, Kangwon Mational University, Chuncheon 24341, Republic of Korea;
IDepartmentKorea Zoonosis Research Institute, Chonbuk National University, lksan 54531, Republic of
Korea

Introduction: Porcine proliferative ileitis is a major economic burden for the swine industry, affecting
growing pigs and young adult pigs [1] for nutritional interventions to improve the development of
intestinal structure and the maturation of the immune system, with lifelong effects. Synbiotics have
both probiotic and prebiotic properties and were created in order to overcome some possible difficulties
in the survival of probiotics in the gastrointestinal tract [2]. Therefore, an appropriate combination of
both compoenents in a single product should ensure a superior effect, compared to the activity of the
probiotic or prebiotic alone. In this study, the protective efficacy of probiotics and prebiotics
administration against Ll infection was evaluated under LI challenge experiments.

Materials and Methods: twenty-five, four-week-old pigs on a commercial farrow-to-finish farm were
used in this experiment. The pigs were randomly divided into 5 groups, and 4 groups were treated with
different concentration of probiotics and/or prebiotics. All the group of pigs were necropsied at 28 days
post-LI challenge. Incidence and severity of ileitis were evaluated by gross and microscopic observation
of ileal tissues. Colonization of the gut after challenge was examined by LI-specific
immunohistochemistry, and gPCR of ileal scrapings. Following the challenge, all pigs were observed daily
for clinical signs of ileitis, including body condition, alertness, appetite, and consistency of the feces,
Fecal consistency was scored as normal, soft or watery (mild diarrhea), bloody or tarry (severe diarrhea).
Gross lesions were scored on the basis of the severity of mucosal thickening {0- normal, 1-slight
edema/hyperemia, 2-moderate hyperemia/mucosal thickening, 3- severe mucosal thickening, 4-severe
hemorrhaging/necrosis/fibrinous exudate). Scores 2-4 were considered indicative of clinical ileitis.
Histopathological examination following H&E staining to evaluate microscopic lesions, mainly
proliferation, consistent with L. intracellularis (0- no lesions; 1- mild proliferation; 2- marked
proliferative enterocolitis).

Results: Signs of clinical disease were monitored during the challenge phase of the experiment. Severe
diarrhea was observed in 4 of 5 animals in the control group (80%), but not in any of the symbiotics-
treated animals. lleum gross lesion scoring is summarized in Fig. 1. In the control group, 5 of 5 pigs
{100%) were scored (score >3), whereas only 2 of the 5 [LC Pro + HC Pro group) (40%) were scored as
positive. The occurrence of clinical ileitis was also evaluated by histopathological examination, on an
ordinal scale 0-2 (Fig. 1B). Of the 5 controls, 5 (100%) were positive (score >0), with 2 pigs presenting
with score 1 and 3 pigs with score 2. Of the LC Pro + HC Pro group, 2 of 5 (40%) were positive for
microscopic lesions,
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Fig. 1. Gross lesion and histopathology scoring of the protective efficacy of probiotics and prebiotics
administration against Ll infection.
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Conclusions: The data demaonstrated that this synbiotics-based feeding program was very effective
to prevent ileitis in pigs.

Acknowledgements: This research was supported by Korea Institute of Planning and Evaluation for
Technology in Food, Agriculture and Forestry(IPET) through Agricultural Microbiome R&D Program,
funded by Ministry of Agriculture, Food and Rural AffairsiMAFRA){918018-04-4-SB010).
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[ . IDENTIFICATION OF THE MICROORGANISM

Tdendification reference given by the Accessien auher given by e
DEPOSITOR: | INTERNATIONAL DEPOSITARY AUTHORITY:
Lactobaciliny. amplovarus 1394820  KCCM12999P " 4
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The microorganism identified under | above was actuw by
1 & sclentific description

] a propossd saxonomic designation

(Mark with a cross where opplicablie)

m. RECEIPT AND ACCEPTANCE

This International Depositary Anthorty accepts the microorganism  sdentificd under 1 above,
which was received by it on June, 00, 201| jdate of the original deposit).'

IV, RECEIPT OF REQUEST FOR CONVERSION
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Dear GenBank Submitter:
We have assigned the following accession number to your genome:

SUBID BicProject BioSample Localid Accession Crganism

SUB3574191 PRINAT26565 SAMMN 18372557 contig.1.cir CPO74196 Lactobacillus amylovorus 1394N20
This is the number that should be used in any publications citing
the complets genome.

Based on the data provided to us, your data will be released on
May 31, 2021

They will not be released to the public database until this date,
or until the data or accession numbers appear in print, whichever
is first.

If the genome was sequenced using PacBio sequencing technology, please
submit the motif_summary.csv file from the PacBio methylation

analysis software, plus the raw reads, to the SRA database.

However, if you are not going to send your raw reads to SRA, please send
the motif_summary.csv file to us at: genomes@ncbinimnib.goy

This data is unigue in that it also permits the analysis of methylated
bases within the sequence. The precise positions of those modified

bases can be used to determine the specificity of the DNA
methyltransferases that produced them. The PacBio analysis suite

contains an analysis workflow (RS_Modification_and_Motif_Analysis) te
extract these sequences and produce a motif summary.csv file. It

would be extremely helpful to the scientific community if you were

able to perform this analysis and deposit this file as a part of

your GenBank submission.

Please reply using the current Subject line.
Sincerely,

The GenBank Direct Submission Staff

Bethesda, Maryland USA
genomes@ncbinlm.nih.gov (for updates/replies to GenBank entries)
info@ncbinlmnih.gav (for general questions regarding GenBank)
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Dear GenBank Submitter:

Thark you for your genome submission to GenBank, a contribution which will beneft the scientific community.
We have assigned the following accession number to your genome:

SUBID BioProject Bio%ample Localid Accession Organism

SUB10301751 PRINATEE157 SAMM21619988 contig.].cir CPO84221 Lactobacillus johnsonil 7409M37
This is the number that should be used in any publications citing
the complete genome.

Based on the data provided to us, your data will be released on
Sct 31, 2021

They will not be released to the public database until this date,
er until the data or accession numbers appear in print, whichever
is first

If the genome was sequenced using PacBio sequencing technology, please
submit the motif_summary.csv file from the PacBio methylation

analysis software, plus the raw reads, to the SRA database.

However, if you are not going to send your raw reads to SRA, please send
the matif_summary.csv file to us at: genomes@ncbinlm.nih.goy

This data is unique in that it also permits the analysis of methylated

bases within the sequence. The precise positions of those modified

bases can be used to determine the specificity of the DNA
rmethyltransferases that produced them. The PacBic analysis suite

contains an analysis workflow (RS_Modification_and_Motif_Analysis) te
extract these sequences and produce a motif_summary.csv file. it

would be extremely helpful to the scientific community if you were

able to perform this analysis and deposit this file as a part of

your GenBank subrmission.

Please reply using the current Subject line.
Sincersly,

The GenBank Direct Submission Staff

Bethesda, Maryland UsA
genomes@ncbinlm.nihgoy (for updates/replies to GenBank entries)
infa@ncbinim.nih.gov (for general questions regarding GenBank)
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