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~ 24 352 il ot
F7480l B4 4
FoldenE 24 mol|- molZajel 24 nE[-2A molZeafele] g=M
majel o= e[t ahat

2o = 22| 5}
MAP o & ZE2 /st tf—- YUHo|EE HOIEZ|- =hF £0[H large gap
oloir &= pan—-genome =44 2ol

- M A2 MEE2|- MEZ2 Tandem repeat &

Hto|20otAH L= =
B =710 2 MAP F|- =W F 24 - UHHZ Xfo|E Eol= 7
™AL s xpo| 24 - XZEF EA A =EHI =l
U ZE =7| Fcoh- 29 Jix et o) dE |- Yool w2 Aed e
e JiAel &8 of o) o EF o CHHE

HH

HH
Z profile H|u &4 profile HlW =ZME Sl
- €& clulzl dio|0o} Hdjo|2ol7 AMA

A gz - Ml 7tx| Hlo|2DFAE MY
5t0{ ELISA 7|22 7&
o 2fel
MAP2| A HYULFH|- M YUY FUAE|- CRISPR-Cas9 7|He &
At = o] =¢ifol F 3 ool MEIIY T
| = 5
- 1139 8YHy RUAE
MEsto] EQdtol Az &
I EelF g2 2 M- I 22F g2 |- 20204 WA X(HHel A
71 =3t - ety = Hst AMZ(1,273F) 2215 22
£

Hl % fecal PCR Z =it
HE Soff & W 24
W Z2Es sl gest ™
2F M Al
QU =+ Z7||- MAPL| CHAIM[Z ZtH |- Human THP-1 cell %
host—-pathogen| ol & &% =7 7 MAP K-1028 Z¥ = total
interactome 244 M 2sd #Hat A | RNAZFE dual RNA-seq

— Single cell RNA-seq| =24
2M7|HE 2235 f|- DEG 242 S8t MAP
Al &

ze| ZH =7|| K-102 host responsive

Al
o g 24 mRNA Zsofje A
QU EIlA - wAAMEH #He 2A) oY ®AAESS VFDB,
Mycobacteriu ZuE st MAP Z| KEGG database 7|t
m avium F =7 HAM /A enrichment &4
subsp. A =& - 7|Et operon o &£7|8F A
paratuberculo HXRMAE 2|8 MAP
sis, 50| #8AE & 7|s0|
NN LXK LS AMA FEX}
XAy o =5 R4
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ZHI|Ho|E
Mz gH

7% e

— Human

monocytic cell
line@l THP-12| PMA X2l

of| = =5ty s
scRNA-seq 7|#HE &3
2M50 MAP Zhof )

2 Zt ME clusterE2
DEG &4 +H

Classically differentiated
macrophage cluster 0|

el MAP ol oigh =

2 Htg #el

MAP Ztgofl Cish dhsSy
gol o THP-122FF
=2tet ME2 type2l cell
=tol

Dual RNA-seq Z|EF DEG

24 ZnE Sall two
component system,
sigma factors, type VI
secretion system,
arginine biosynthesis &
metabolism &3 S Z+Y
X7 T HAMLFHA £
=
oA ZEZS  Z225H- MAP Zd| st of- 52 32 FLUYEFe &Y
host-MAP AS2tE A | A9 {FHA sl T 6Fx U ZHMI}
*M BN H| &0l Al RNA-seq T3
DEG 24 +H
GO &4 3
Canonical pathway 24
_/'Eﬁ
A microRNA 24 7|2H- miRNA-sequencing|- A2 4 M3l Zd3 SHMOE
Hio|20OtH &= £ st eud 48 il 2 ZYEIE0M 2
CHAE DEGs =2l 2| dHio|& Felxdoz e
2ad ket E4 347t LERS 87l 2] HiO|2
- €% microRNA 7|8t oOiA =EFZ MHSIAS
U ZICH- o|E2 HEHZ EAME 7
biomarker T2 =& | &stod MAP ZZAlof L}
Efites MU Ql H{AddEg
A= AFS =elst
¥en{, ol gRT-PCRZ
Sofl A FHA LS
sholst A & 4719
miRNAsZt A& 4 o o] &
of UX|st= MHS EXUZ
A YN FHEALE O||- CRISPRI system= 0||-7|&2 Mal=FSo0olAo &
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7
7t. MAP ufite]F HE W /f31 3
(1) & AFSEFolA au¥ A
- 2019 3 3 HeH(11Y BA) 47 5 245FE o= eul ELISA W B PCR AR
A
[o]

S 233 o] & dolx] 205E rjAro = st Eu AjoA PR S Hol Azt Bl
orAd
(o]

H (3F 1). ELISA A 23 A FollA GEE velde A EJdE += 93
¥ 1. U2 Z24£ER Folx] 2072 'H PCR AAL A7}
12} 2} 32} 4=}

Sample

No. \ 1S900 ISMap02 1S900 ISMap02 1S900 ISMap02 1S900 ISMap02
(O
1 46xx 36.26 37.49
2 07xx
3 06xx 37.83
4 13xx 37.41
5 59xx 37.33 36.78
6 08xx 36.92
7 52xx 36.52 36.19 36.98
8 94xx 36.77
9 06xx 36.43
10 88xx 36. 81 37.01
11 50xx 38.61
12 94xx 35.53 36.41
13 11xx 35. 84 40.16
14 52xx 38.61
15 53xx
16 44xx 37.64 37.69 35. 86
17 08xx 36.58 36.79
18 12xx 44.89 37.86
19 52xx
20 08xx 35.62 36.97 38.07 35.62
2. S ARS4Ae A AA A3 (2019)
HAHFT g 7N A =3 N A
Fecal PCR 427 36 391
ELISA 272 6 266
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- o} JRHEZHE VersaTREK-ParaJEM o]
- U AFS A W gk R 8 E

Ax @ 2
ML o W eloby MBS Hel, wjzat AlY

1=
LRl A = § [¢] o (=]
- W oy MBS UUWANO] B8 ¥R AR | nikv, BAAAR

X 3. U A4 A AA, EHAA 9 B dF (2018 ~ 2021)
2018 2019 2020 2021
-3 9
T
e 4 e 4 ] 4 e =4
&3 (ELISA) 9 10 6 266 19 511 3 631
21 (Fecal PCR) 3 16 36 391 8 1130 5 867
e dFT 22 7 11 7
(2) MAP = 225 2 EEFF growth 54 &4

2.
=
- S BeR Bareisty 54 24 A3 B-typet C-typed] F 74 EHe] HelFEol

A Tween-80 3 71S}al glycerol & H71sEA] ¢otE AF AAsH] U= 54& Eil=d
EFE U C-type FFE2 Tween-807F H7IRE BH oA o] wdEH (2™ 1),

C o
82 McFarland BIEAE st SHEAS.

C-type #FTE52 glycerol thAl Tween-80S ¥lAZFHOE AIEY £ 9= Fog HY,

g &2 =il £2l5FE2] pan-genome A3} A ollX FHQIH accessory gene H|ILE F
3]
-

B x| 4FolA stationary phase® FolE Z& &I o, o]F F3l Tween-802] 3
Tt e Jg4Y] a7 e M2y ol Ryt kiAol FE9] FFEHA 42 A
o7 F5H + AdS
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(3)

GROWTH CURVE (TWEENS80 ONLY)

——l1 —m—Cne (NG ——IBIE —e— ATCCI3658

% 1. B-type?} C-type =i 2|5 U EFF2] Tween-80 E 7} 7THI brothoj|A] growth
curve w4 . C-type #5: CN7, CN9, ATCC19698, B-type w#3: JJ1, CN4, JB16.

sAle] P ol WE HHEA BA

- TH9 brothof| A glycerol®] H7} f-Fof utE EH 3] o] W Tween-80 7ol whE HA
vz ol A o] g5 2to] Fol FHH. oA AF3IA%, B-type —?%‘—%% glycerolo] 3
YRR b2 viR| oA A AFSEA] 9kgkom mFF Tween-800] H 71 A& uf clumpZ} viet F
of 4F FETA= POl dAEHE BHE HAdS.

- olof whet v 8] g Toll WE EEFNAM Y ATl £ S, THI brotho] Z}
Z} 1%2] glycerolZ} 0.5%2] Tween—800] 25 A7 ufjx|ofA] MAP ATCC19698 wF2
growth curveZ} 3 E LS. AL 15:Y 714 S F spectrophotometerE ©|-83}o{ 0D600
Zrol A= on, iy A ]%i 7H11 agar plateo A 2] cfu ZFF = P3P A2

- 7F 5% A3} 00600 3> 55 018351 %—7}7} AR 3¥S Baon, o] A7|FH

clunpe] Bdol ‘ol = WHEUS (11 2). 7FAelE obZke] 2ast wHE g ow
Z3F 0T & uff 2-3F%}7} log phaseJ 7;1£§ Rolm 55 o|FHE = plateauEs ¥F/ds}
t 202 FIH. 7H &2 02 1.0 AFE 12 o]e] Aol AHEA= U

l

1%l 2. MAP ATCC196982] 7H9 broth (glycerol+Tween-80)0j| 4 2] growth cruve (optical

density at 600nm) =3
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- AR 4F2L 7EA] ] cfu S AT}
o]l 2]3hd 0D600=1.04 wi 10° cfu/ml
-0l 4] 7HI broth (glycer‘ol+Tween—
oM E 2.73%10° cfu/ml A= g ol
0D600 Zr2 Z+z} 0.4832F 0.7591 2 Eﬂ, A}
cfu/ml & LUEIYS. o] & E3) 7|1&
o g Aoz 2EY
273t 9

35} = 3).

3 L}EPLH% ne

) vi=]ell A 2] cfu

%y
A=

ol ﬂllﬂl

Log phased]|

o
AT .
g5k

=l
2zt

;E.!

&

25 =

A7 Eoll 4 e
A7 AIAE

%

O

J =X

= .

].

_I[N'
1z —l>
¥

= 5
=
or= q)

Ao A =S

o

A

—_

el

+

ATCC 1N

=
Ngst=
cfuzb2 ztzt 9.85%10° cfu/ml W 2.11x10°
2 g2 cfugb2

MAP 710:1 Al

=
R EST R

CFU«] 35 7]&o ezl
= oA 9ddS. Iy

A3t Az} 0D600=1.0 &

Mot 25 U 3TX]'-4

=

clump®] 3z} AH
o4 wr} gt

i
w3,

= 3. MAP ATCC196982] 7H9 broth (glycerol+Tween-80)oj|A] 2]

growth cruve (cfu) &
(4) =l AR 4 FFOlA ey A
- 109 ¢ A Sl iy AL B EE ot A Y
g s¥stalen oo iAol thsi = 2 9 @ HEES 2
AL 3.
- 712 H " MAP Ee|Fol tfsfr: 1S1311 PCR-REA, MIRU-UNTR,
sty £Mg U (4, 5, 6, 7, 1Y 4).

- 4 Azl el U FE 5718 strainl® T2

genome sequencing candidate® A}-&-3F,

thAt o2 ELISA ZA}
kol fecal-shedding

1=
hLe

MLSSR 7| H & &E83}o]

31 5702] strainol th3l whole
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X 4. U 2AF

ol
=

S5l +el52] 1S1311 PCR-REA typing

Country Province Herd Herd ID | Isolates No. of Genotype
location /DNA isolates (IS1311
/DNA PCR-REA)
Korea
Gyeong-gi | Region 1 A DNA 1
Cattle
Region 2 B DNA 1
Chung-nam | Region 3 C Isolates 2 Cattle
Isolates 11 Bison
Jeon-buk | Region 4 D Isolates 3 Bison
Gang-won | Region 5 E DNA 1 Cattle
DNA 1 Bison
F DNA 2 Cattle
Region 6 G DNA 1 Cattle
DNA 4 Bison
Jeju Region 7 H Isolate 1
I Isolate 1
Bison
DNA 1
J Isolate 1
Australia Unknown Region 8 | Unknown Isolate 2
Region 9 | Unknown Isolate 1
Czech Unknown | Region 10 | Unknown Isolate 1
Republic
Unknown Isolate 1 Cattle
Unknown Isolate 1
Unknown Isolate 1
Slovakia Unknown | Region 11 | Unknown Isolate 1
X 5. = 5 9 3952 MAP2] MIRU-VNTR typing
No. of No. of copies of MIRU-VNTR Numerical
INMV group isolates
(%) 292 | X3 |25 |47 | 3 | 7 |10 | 32 code
INMV 1 4 (14.8) 4 2 3 3 2 2 2 8 42332228
INMV 2 5 (18.5) 3 2 3 3 2 2 2 8 32332228
INMV 5 1 (3.7) 4 2 3 3 2 2 1 8 42332218
INMV 68 17 (62.9) 2 2 5 3 2 2 2 8 22532228

_20_




F 6. U5 2 sl25-2 MAP2] MLSSR typing

MLSSR e of MLSSR locus
isolates
types (%) 1 2 3 4 5 6 7 8 9 10 11
1 8 (29.6) 7 >l1 5 5 5 4 4 4 4 5 5
2 5 (18.5) 7 11 5 5 5 4 4 4 4 5 5
3 4 (14.8) 7 10 5 5 5 4 4 4 4 5 5
4 1 (3.7) 7 11 ) ) ) 5 ) ) ) ) )
5 1 (3.7) >11 9 5 5 5 5 5 5 5 5 5
6 3 (11.1) 7 >l1 5 5 5 5 5 5 4 5 5
7 1 (3.7) 7 9 5 5 5 4 5 4 4 5 5
8 1 (3.7) 7 10 5 ) ) 4 ) 4 4 ) )
9 1 (3.7) 7 >l1 5 ) ) 4 6 4 ) ) 5
10 1 (3.7) 7 11 5 ) 5 4 6 4 5 5 5
11 1 (3.7) 7 10 5 5 5 4 6 4 4 5 5
(A) ® (B) PY
® 5]
6 o
'Y
(8 \ Q
UQV-

Korea ] Bison type '\

W Australia M Cattle type

[l Czech Republic \.
Slovakia

= 4, 277] MAP £-2]5-52] MLSSR genotype 7]¥l minimum spanning tree &-24]

= b Ao MAP R =
(1) A% FAA AP E o] &8 5718 Al #5¢ FAA FHH
(7F) NCBI (National Center for Biotechnology Information)?] Prokaryotic Genome
Annotation Pipeline (PGAP) 7]&& o]|&3lo] f3x} AR £4
- S ZElF 5 25 BF AR ¥R
RE #F2o] FAAZ 1788 contig® assembly B ZH 2 F XHo} sequencing A3}7 £&
2T o&FH.
- o]oll GBI PGAP 71&-& ol-83te] 571 @R fAAIL 71 SAAES ol (E 8).
- 2} 5ol thgt §AA FRE= Accession No. & F3l| NCBIofAH I3 7153,
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X 7. 277 MAP 232 352] MIRU-VNTR, MLSSR E}Qlo] w}2 x| oj& B

Country  Herd location Herd ID MIRU-VNTR  MLSSR No. of
isolates
South Korea Region 3 C INMV 68 Type 1 5
INMV 68 Type 2 3
INMV 68 Type 3 3
INMV 2 Type 4 1
INMV 2 Type 5 1
Region 4 D INMV 68 Type 1
INMV 68 Type 2 1
INMV 68 Type 3 1
Region 7 H INMV 68 Type 1 1
INMV 68 Type 1 1
J INMV 68 Type 2 1
Austrailia Region 8 Unknown INMV 2 Type 6 2
Region 9 Unknown INMV 2 Type 6 1
Czech Region 10 Unknown INMV 1 Type 7 1
Republic
Unknown INMV 1 Type 8 1
Unknown INMV 1 Type 9 1
Unknown INMV 1 Type 10 1
Slovakia Region 11 Unknown INMV 5 Type 11 1
E 8. 571 A+ &2l MAPK {34 FR
Genus Species sp.  Accession No.  Genome Size N_MNo. GC_contents contig Mo  Genes — CDSs RNA rlss:: RNA
MAPK CN4/13  GCF 003815795 4,836,546 0 69.3% 1 4610 4558 46 11,1 (55, 165, 235) 3
MAPK.CN7/15  GCF.O03713025 4837149 0 69.3% 1 4593 4541 46 1,1,71(55 165, 239) 3
MAPK_CN9/16 = GCF 003713045 = 4,831,261 0 69.3% 1 4,586 4534 46 1,1, 1 (55, 165, 245) 3
MAPKJB16/15  GCF.003815815 4838766 0 69.3% 1 4609 4557 46 1,1,1(55 165, 249) 3
MAPK /13 GCF 003816035 4,838,649 i} 69.3% 1 4610 4558 46 1,1, 1 (55, 165, 245) 3
(2) BERE 57 AT FF KA AR B
(7)) 84 AR 24 90 9% ®¥
- NCBI PGAPE T3l 2t #+F5°| 7I2 #FHA}&ES Coding Sequences (CDSs) ! RNAE 1,
7 RAAE A4 W XS Yo 4,

- MAPK_CN4/13 #35-2] genome size= 4, 836, 546 bpo| 3w #3571 712 CDSs?] = 4,330
70 (forward: 2,252, reverse: 2,078) = Zol (18! BA),
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- MAPK_CN7/15 2] genome sizex= 4,837,149 bpo| s|& #3571 7}21 CDSse] =+ 4, 321
70 (forward: 2,252, reverse: 2,069) = =el (1% 5B).

- MAPK_CN9/13 #3-2] genome size:= 4,831, 261 bpo|H 3w #F3F71 73R CDSs?] 4= 4,330
70 (forward: 2,074, reverse: 2,256) = el (1% 5C).

- MAPK_JB16/15 +3-2] genome size+ 4,838,766 bpolH 3w #F7} 717 CDSs®] F++=
4,3367) (forward: 2,080, reverse: 2,256) T &<l (3 5D).

- MAPK_JJ1/13 #35-2] genome size:= 4,838, 649 bpo| 3wt #F3F7} 7132 CDSs?] = 4, 337
70 (forward: 2,085, reverse: 2,252) & &<l (% BE).

- 57§ MAPK #F5 ZTEAH O Z 69, 3%2] GC contents&} 49702] RNA (46 tRNA, 3 rRNA)E Zt =

Oi E]—O] ( 2l 5, ¥ 7)

I 5. 571 A4t Fe MAPK 384 ¥

Fn

kil

(3) vl 74 H2 ¥HE |83 pan-genome £
(7}) w]aL thido] == MAP W M avium #-F F-AA E714E &
- NCBI 7555 MAP o5+ 407, M avium w7 194712] 34 °§7]*‘]°§ HE

(Lh) 570 A+ 55 MAPS} H[LL

- Genome size thH] CDS®] 45 MAP X M avium®} H]Z, Ke] x5

- T}E MAPO]| H]ﬂ““ & 2718 FAAE 2T A2 o (SsE 2

- 57] MAPK #52] & W && Alkd o g #elsty] 3] tlE MAPE3} rRNA cluster (small
subunit, lar'ge subunit, = A}o]2] Internal Transcibed Spacer (ITS)) AAE ZL3}o]
phylogenetic tree B41& B3] A4 el (27 6B).

- THE MAPE AloJollA AR FAlol]l 2L xlo]2] A2|7t 082 S35 = Z o2 Rl M avium
subsp. paratuberculosis®l] &3t= ZHOoT FA,

- B3R, VMAPK 57§ 7t ¥ o]l R E o] UERtE ZIe R Kol N2 o 77k AT
& 27doz a,
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B GCF_001904575 021027
GCF_001855455 -0.00595
GCF_000218155 0.00056
GCF_000219085 0.0002
GCF_002232005 0
GCF_000215815 0
GCF_000216015 0
GCF_000218035 0

A ® MAP isolated from Korea
6000 4 MAP L
.. L] °
5750+ ®
o L4 o°® ©
o 5500 - o &
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Accessory

174

33 8. MAK Z} TFo] iRt Jls 8A 24 23

) 457] MAP -‘r’rz‘]i*ﬂ A B E o] &3l pan-genome A

(7}) MAP I-F 40743} MAPK o-F 57 -3 A 2] pan-genome A

A Zﬂx—h& are| &2t BPGAE o] &5t MAP 5 402t =l el5F 57) 52 pan-genome
=4 (2" 9).

BPGAE o|-8&3}o] MAP A5+ 40742} MAPK 57) w5 pan-genome?] pan-core plotS E3lo] -3
7h4=ol] whE pan-, core-genome®| F7 73S (™ 9A).

TAsHs /A8A Ji7t S713tell whet pan-genome 7H= F7FSHA|RE core-genome Zi= 7

A

ZpA] A ZBE dg|E&E 0|83t MAP F-F 4043} MAPK 57 #3F pan-genome?] core-,
accessory-, unique-genome?] H|E&-E H'ﬁ 121 9B),

4 Az} MAP -5 40732} MAPK 57l 5 pan-genome?] §-AX} == 4, 54570 F<Ql,

1= core-genome©| 2,1967l, accessory-genome®] 2, 2647y, umque—genomeol 8571 = =l

=

E R E PR R OREE

T3 9. MAP 457!] w5 pan- genome : Az
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(L) MAP F3 4073} MAPK F3 521_ SAA o] thet 7% S B
I:IOI- B

- MAPK 57 o ti3t 7|5 §-3A] &4

- Z} core-, accessory-, unique—genomeoﬂ &3 G AALE C0Gse] &2 W = (29 10)

(5)

I+ 2.
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Accessory
Gene Number: 2,804~ C4s%)
COG Number: 3,256 Slagy
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45 strains

Unique “’“‘omw
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COG Number: 228 Clao)

Core genome
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400
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20 185170
a3 2 W, e

J AK L B DV T MNWWUO X C G E F H | P Q R S
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23 10. MAP 4570 FF 715 KA B4 A3

M, avium 1997H tf A} pan-genome W COG 4]

(Z}) M. avium 45 1997 2 A|2] pan-genome =4

- 2uES "‘2?'1h 5ol 32t W MAP A&S lfﬂ Hlo] @ npF WS I8 MAP 5+ 40
Z W MAPK 57§ #F5 ESH= M avium o7 F 19970 thsiA flet 2 B4 3.

- A AR dare|E J«L BPGAE ©]-&3%} pan-genome -b-'—’kl a3 11).

- BPGAE o] &%t M avium 7 199712] A Ji4geoll whE pan-core?] I 3 A (O™
11A).

MAP 2412} Z35HA 8-AA 7l71 Z718t] ule} pan-genome 7f5-= Z7}351A] 2t core-genome

Nes 2t

ZpA] A2 d512]EE o] &35to] M avium I-F 1907 2] core-, accessory-, unique-genome2]

H| &L &4(2% 11B).

X A M avium 4-F 1997) 4-F pan-genome®] & {2} $£= 11,6997 F =l

1 2 core-genome©| 6677), accessory-genome®] 7,62271, unlque-genomeol 3, 410712 =l

Mycobacterium VjollX] M avium ¥-F5&] X5 R7] ¢35 2txx A (28 110).

BPGA B4 A} M, avium 19971 2] phylogenetic tree Atofl A MAPKS] £]x|= (& 11D)3} Z+2.
*+72] TE =SR2 E A2 ol dRE S #H Thed
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H|ZLF- AP E 7Rt vio] eupz shd
(7}) VAP o] -3z} =
- Pan-genome A1 Az} Al XA}
1APAd =0l A F43 pan-genome =4 &S 7|HC 2 MAP #FEAMT 35
%] &= accessory-genomes TA]3te] Hio]| euA = FE-Jitt, o]o st F
< F 68707t A=At AH=Y HEAHYS HESLI] ¢ FE FHA F T Open
Reading Frame(ORF)E o|&H Zlo] oldl, 7]%5o] o&H FA-RAE o] &37]|E 3}Qit). =
g, o5 ZAE 213 NCBI®| web BLASTE 3¥PH v EHE&sto] s A7 A3
WP So] fAlelx] Belstgirh 2 A3, olIAE WP So| #uAE BE % ot}
M, avium ol Eo]AoE H O} T}E genus & speciesollA] WZAE Q7] uf=o]c}.
sHx| R, 54 FAAtol A vlo] eutAR AU 4 o= HEES WAsIAh A A
A7} BolHolal ebAlwt, BA o] WP FolHel Ao% BalF gy fEolch & &
A BE MAPOA FFH o2 I Adojglon, Tl g FH2h= MAPY] type(S
C-, B)oll uf2 e HjolE Bach
- MAP Bo] 32t NEE& T3t 7 Ak wolentx sy
GAP family protine & ofSH whA2 (7] 13A)2] w7t viiof sidt= A Eo|
WP Boldo % saulel olrk sl T HAShE SuAl] NPe (28 138)2) W
2of 3ttt s FES 247} forward®} reverse Zefo|n] FEO T A St A
$otoic

A

213y

nlk
=
o
=2 v

e A\

A

GAP famaly protesn [Mycobactenum sp. 4858]
Seyuerice i 102417668 1 Lengit: 238 W

%! 13. GAP family protein?] ¥z Wl o4z} Ag

- Real-Time PCR-E& X zlo|ry =2}
Real-Time PCRE GAP family protein -F-AZ}2] MAP Eo] AP E o] &3t 7+ & &el3}y]
913t Zeto|m & 2 2stgich. Forward Zeto]m ] AdL ‘CAG GGG TGG GTG TTC TGA” o] 3L,
Reverse Zalo]me] ¥ ‘ACG ATC GAC GCT GGC A’ o|tt.

- A 2z} _x_r.g].o]u-]é'- Z 3t Real-Time PCR A3 A=
B %o]a FHR} Qg 0|83 PCR AT EE, MAP FEOMT F2
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- Real-Time PCR A3 %A

EE PR A2 20 ul7t H| =5 qhEolA] Z38gttt, F-3 20 ule] &0 20 pge] DNA,
Zet

10 ul®] 2X THUNDERBIRD SYBR qPCR Mix, ZtZ} 1 pg?]

PCR A% 2] ZAL 95°CoA] 387 =

of| Al 30& 7t annealing, 72°CojlA] 30%

oy 7t ZHFEF 4lojFrh
7] denature, ©]F 95°Cof|A] 30% 7} denature, 54°C
7t elongation®] Z}AFE 40 ®¥iE3icE AP

Applied Biosystems QuantStudio 3 Real Time PCR systemsS ©]-&3}o] XIgPE|d o, 96
HhE

well plate?] F-A& 3t MEvt 3712 Zglo|m, 3t Zglo|n] T 3H

gtk Addol AH&H MAPES FUEZAM Zett A8 &5 F, B-typeo] 471, C-typeo©]
47) FFE50] o] &E 2}, Non-MAP #FEF= Mycobacteriumol= &3}x| gt T}E species

2 IEH FF 270E o] &35t}

- Real-Time PCR A3 Az}

PCR A8 2z}, BE ASdA 433U ABZAAE €& + UKt AP 352 type
2 %‘-% Vi

4
ol giglel FHol ¥ HAYUOH(IY 14, 15), Non-MiP FFEeIA &

2] QkotTH( 19l 16).

Amplification Plot

Melt Curve Plot

% 14, C-type MAP F35(4) PCR ¥ A3}

Amplification Plot

WAP20  MAPA BIMAPYG I MAPS

Melt Curve Plot

<o

(8
F

vative Reportsr

a7 15, B-type MAP #55(4) PCR A3 Az}

Amplification Plot

1% 16. Non-MAP

Melt Curve Plot

sy

o e = i
R e ey

Temmparstuns (')

FFE5(22) PCR A8 A7
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- MAP E}QJof] SolHQl {fHA P& FT EIY & Hielulx sid
MoaD/ThiS family protein® & o] &H o] th AL V(Val )7} e 5= AP Zt3
(TRI7A). o8 HASHE S8 BT S 1ol 4 6T62] 23 @ 23 olch

gt bR/ FA2Ee] A A2 MAPY] typeo] mhel S-typed] Z-¢- 3%, C-typed| A%

B-type®] 29 52 Uehdth( Iy 178). si@ faxte] V 1% 34 54 westa
Real-Tine PCRE o] §-5to] MAP2] typed £413 wWhEA HAY 4 QAL E ol HTH,

A
MGRVPVQANGISVTVRYFAAARAAAGAESETIVVVVRPGTTVGELVERLAVRGSRLAEVLS
RCSYLCDGIAVRDETQSLRSGDTIDVLPPFSGG
K10 (type C)
ATGGGACGCGTCCCGGTCCAGGCCAACGGCATCTCAGTGACGGTGCGCTACTTCGCGGCC
e GCCCGGGCGGCGGCGGGCGCCGAGTCGGAGACGGTGGTGGTGGTGCGGCCCGGCACCACG
Proten: Moab/This family protein  GTGGGCGAGCTGGTCGAGCGGCTCGCGGTGCGCGGATCCCGCCTGGCCGAGGTGTTGAGC
CGCTGCTCCTACCTGTGTGACGGGATCGCGGTCCGCGACGAGACCCAGTCGTTGCGGTCC
GGTGACACGATCGACGTTTTGCCGCCCTTCTCCGGCGGCTGA
B

S-Type ESET [VWV==| RPGT GAGTCGGAGACG |GTGGTGGTG™=~~=~ CGGCCCGGCACC
C-Type ESET [VWVV-=| RPGT GAGTCGGAGACG |GTGGTGGTGGTG™~~ | CGGCCCGGCACC

B-Type ESET [VWVVV| RPGT GAGTCGGAGACG |GTGGTGGTGGTGGTG | CGGCCCGGCACC

< Primer name Sequence (5" ->3') Primer size (bp) Purpose
Forward CGC GAT GTG GGC CAA GCC 18 Common forward primer
RS CGG GCCGCACCACCAC 16 Reverse primer for type S
RC GGC CGC ACCACCACCAC 17 Reverse primer for type C
RB CCG CACCAC CACCACCAC 18 Reverse primer for type B

%! 17. MoaD/ThiS family -8 %} @ PCR & 3glojny AR

- Real-Time PCR& =glo]m |2}

Real-Time PCRE MoaD/ThiS & xz}2] V ¥FE3l 42 o] &3+ MAP E}QlS EQIsHy] 3t =
i

glo| & Azttt 27 17C). Al 7HA] E}?J% TF=3loF kx| uliZoll

A& A AstolTh. sk Rt vl-&-2] Hz7kz} Aol W E 913 forward Zeton= F53
02 ALEEEE A A5t reverse Zefo|m o] ¢ GIG7 HHEE = Fwo] ZUEA

A2slE), 2 mejolule] 5wl Elle] met AEHow BEE zzslr).

- A 23t Zeglolm| S E3t Real-Time PCR A ¥ oAAHE

Real-Time PCR A% 73}, Zejo|mEe] ZZo] ZtA|E i 4t Eaf P2 EFY

A4 Qg Azt oAbzt 1Y 18).

1o o

S-type?| 73-¢- RS Zelol& 2 At o4} glo] & S5 OIL} RC2} RB Zz}o]n

© & ZAYstA] xXsto] RSof| wlsl FHo] A #A|E ZlojtH( 13 184).

C-type®] 7-¢- RS} RC= & A st FFo] A Hel=aL RB7} A AgstA| Xt

ZZo] & Zlo|tH(1¥ 18B).

B-type®] 7Z-9- RS, RC, RB, Al Zefon] BF 2 Asty] wfwoll, FAlo BE

o] FFo] el ZloJrH( 1§ 180).
A

B G
S-type C-type B-type
!
15 I 15
/ / £.| o
!
/
P ) ?
mh 7 ] (.5-:Ie ] T W .(:y;.ie %

®:H: WRD &-RE

2 18, Xxalo]u| ¥ Real-Time PCR Az} oA %

2ol uy
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- Real-Time PCR A3 %A
RE PR AHEL 20 ul7} HEE

RHEol A gt

Z3F 20 ul®] £¥of 200 pg2] DNA,

10 ul®] 2X THUNDERBIRD SYBR gPCR Mix, 2z 1 pge] Eglolm 7} EFEEF o] Frl.

PCR A& o] ZAL 95°Cof|A] 327 X

o4 40% 7} annealing,

Applied Biosystems QuantStudio 3 Real Time PCR systemsS ©|-&3}o
well plate?] A g A& 3712] Zeto|,

Att. Agol AHEH WAPE

&} 2k MAA 1012} MAH 1047} MAP:=
o S-type th-& o= H&3I7|E 3}oict.

- Real-Time PCR A% ZAz}

PCR A9 Az, BE ASolA (ZL#l 18)2 Zo] 7|tisd
FFE(37 19-23)2 RS, RC, RB, A #¢] Zelolm] RE Al 2%

Aoy e v P ——

% 19, MAP 12 (B-type) PCR A3 Az}

% 21. MAP 15 (B-type) PCR A3 A}

P

oh =7t 3

7] denature, ©]F 95°Cof|A] 30% 7} denature, 60°C
72°CollA] 4027t elongation?] Z}&FE 40H ®HE-3ic},

Al& o
2 a1
A g on, 96
g Zefoln @ 3w WEBAPO T A

=2 FUEA A 2|8 oA FF F, B-typeo] 57, C-typeo]
57 dFEo] o|&E2ct. S-typed] #FE=

SUEeF Fof 2 U FRIIA] Estlct
217} S-typel] HEfE Ho|7] i

A3} 23
=

T E

®

7 20. MAP 13 (B-type) PCR A& Az}

3] 22. MAP 17 (B-type) PCR A3 A}

e

1% 23. MAP 18 (B-type) PCR A3 Az}

2] 24-28)2 RS2} RC Zzlo]H 7} HA,

3 Foll BB Zejolni7} 55
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T e i

a7l 24, MAP 9 (C-type) PCR A8 Az}

% 26. MAP Q2 (C-type) PCR A3 Az}

B s W

[

7 25, MAP 25 (C-type) PCR A3 Az}

=

% 27. MAP Q5 (C-type) PCR A3 Az}

B e

%l 28. MAP Q6 (C-type) PCR A& Az}

S-type th-& o2 A&7 FF (LY 29, 30)-= RS Zefo|mrt 7i#|, F|o]o] RCL} RB =

(&)
elolu7} ZEHS Helst

a3 29, MAA 101 (S-type ti&) PCR A3 Az}

M e i

a3 30, MAH 104 (S-type ti-&) PCR A3 Az}
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o, WP 54 9 %8 394 5874 79
(1) MlZAAAST 242 Be R Fe 54 24
(7}) Pan-genome =4 to]g UolE
- 71E AA Aol AH&-H HiolE &0l &4 o F PulolE EHATh o2 s HulolE
H dolgE AME FA4& st A2 stz FAdA & o B3 23E &7
213iAl NCBIOl &FH MAP #F5 5 HeE|E|7} £2 40707t FolA EAstdrt (£ 9). 2
of 24wy W APE J1E Ao} B AT
F 9. 2L Ao AHEH MAP 5 4070
strain | [0 | covermge | ©™HE | contonts | S | country | TP
K-10 4,829,781 - 1 69.3 4,708 USA C
MAPK_CN4 4,836, 546 84.0 1 69.3 4,703 South Korea B
MAPK_CN7 4,837,149 137.0 1 69.3 4,721 South Korea C
MAPK_CN9 4,831, 261 102.0 1 69.3 4,705 South Korea C
MAPK_JB16 4,838, 766 120.0 1 69.3 4,701 South Korea B
MAPK_JJ1 4,838,649 107.0 1 69.3 4,703 South Korea B
El 4,781,002 653.1 1 69.3 4,751 Egypt 2
E93 4,786,065 782.5 1 69.3 4,732 Egypt 2
FDAARGOS 4,832,268 383.0 1 69.3 4,708 USA -
JII-1961 4,829,728 37.0 1 69.3 4,697 Germany C
TANUVAS 4,829,781 30.0 1 69.3 4,703 India -
MAP4 4,829,424 18.0 1 69.3 4,702 - C
4B 4,738,595 68.7 479 69.1 4,994 N 2
DT 3 4,725,169 65.1 531 69.1 5,037 - 2
Env 210 4,736,143 64.1 538 69.2 5,066 - 2
JTC 1281 4,755,085 42.9 1,030 69. 2 5,476 - 2
JTC 1285 4,745,157 55.5 1,115 69.2 5,545 - 2
Pt139 4,647, 327 100.0 752 69.1 5,145 Australia 2
Pt144 4,582,918 366. 0 838 69.0 5,153 Australia 2
Pt145 4,568, 858 370.0 916 69.0 5,178 Australia 2
Pt146 4,582, 551 100.0 955 69.0 5,296 Australia 2
Pt154 4,500,072 100.0 1,077 68.9 5, 350 Australia 2
Pt155 4,560,778 370.0 957 69.0 5,210 Australia 2
Pt164 4,669,710 70.0 592 69.2 5,038 Australia 2
NL 89C 4,777,365 1000. 0 98 69.3 4,698 Canada -
NL 93B 4,768,495 1000. 0 90 69.3 4,699 Canada -
NL 95A 4,776,830 1000. 0 94 69.3 4,699 Canada -
NL 95B 4,772,864 1000. 0 90 69.3 4,689 Canada -
NL 95E 4,774,273 1000. 0 97 69.3 4,712 Canada -
NL 96E 4,771,797 1000. 0 90 69.3 4,692 Canada -
2015WD-1 4,750,273 200.0 259 69.3 4,836 China C
2015WD-2 4,727,050 150.0 240 69.3 4,798 China C
A3 4,847,731 230.0 51 69.3 4,825 Portugal C
C4A4 4,851,414 180.0 58 69.3 4,820 Portugal C
CLIJ623 4,523,318 50.0 915 69.0 5,198 Australia 2
CLIJ644 4,707,985 100.0 636 69.2 5,088 Australia 2
CL1J361 4,612, 386 100.0 1,147 69.0 5,524 Australia 1
Telford 4,907,428 80.0 1 69.2 4,812 Australia S
JIII-386 4,850,274 1500.0 6 69.0 4,779 Germany S
S397 4,813,711 24.0 176 69.3 4,825 USA S
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(L) A2 vlolenlA W=
- Whole Genome Sequence (WGS) d©o]¥ A v]ZL
AE BAG APt 7|2 BE-of] 271808 FujFet £2Fe] AA| genomed H] s K.
ot} 3t A& Mauve Bl= TR Y-S o]-835191 01 ZF genomes 7H2] Single Nucelotide
Polymorphism (SNP)L} gapS %& 4~ Q= &4 ZEIoltt, ulF 2 §F IFolvt &)
She 53& 3e=th ol & vlolenA 2 &Y + &7 e R Jvfdct

- &3 tu] LY Fo| &3} large gaps:
MauveE ©]-&sto] =UiF Bl EEF2] W6S AAE vlasi 2, = FolArt B s
= gaps S WY o ULTHIH 31). Thgt 2718 o2 71A] gaps FollA 1 Kb 0%
o] ¥ gap2 IVNE FHIE 3l i gapEe] 7= 742 1,452 bp, 2,026 bp, 6,204 bp
= FHd=

A , 1452 bp

)
I |
acyl-ACP desaturase acy"‘\‘czfﬁs;mase I_—' acy“f::ﬁ:z; urase
EC390_RS22610 MAP_RS11200 MAP_RS11205 MAP_RS11210
EC391_RS00100 EGM64_RS14410 EGM64_RS14415 EGM64_RS14425
EGM63_RS18235 EGM60_RS11305 EGM60_RS11310 EGM60_RS11320
B %, ) 2026 bp }
% tRNA-Ala F 1
ransciptional regulator]
MAP_RS00040 MAP_RS22345 EC390_RS07935 EC390_RS07930 EC390_RS07925
EC391_RS14805 EC391_RS14810 EC391_RS14815
MAP_RS00045 EGM63_RS09945 EGM63_RS09950 EGM63_RS09955
EGM64_RS22705 EGM64_RS22700 EGM64_RS22695
EGMG0_RS19605 EGM60_RS19600 EGM60_RS19595
C 6204 bp
; |
fypeTpoly] ende Synthase] | acyltransferase domain- Type I polyketide synthase ayltransferase domain-
(pseudo) containing protein (pseudo) containing protein
MAF, IRS06960 MAP_RS06965 EC391_RS04465 EC391_RS23030 EC391_RS04455 EC391_RS04450
EC390_Rs18270 EC390_Rs18275 EGM63_RS22620 EGM63_RS23245 EGM63_RS22610 EGM63_RS22605
EGM64_RS10035 EGM64_RS23150 EGM64_RS10045 EGM64_RS10050
EGM60_RS06925 EGM60_RS23145 EGM60_RS06935 EGM60_RS06940

a3 31. FUFoA UAHA 3712 large gaps

o|H EXAMojjx] AT gapE2] V7IALG-E Insertion Sequence (IS)2}
gap F-oll= transposase THZo] ]x|slolTt. EZt gapso] $1A|’F £ FARES 1S}
transposase?] genetic translocationo] 2]3} psuedogene® & W3}H AT wbAE| Qr).

- AjE- Tandem repeat FH WZ:
MauveE o] &3] WAt gapE ¥ UF= tandem repeat (TR)2Z Kol ZEo| iy
gdth 1 % 5702 gapEol TRYS Helslg ol ML nAR A1E 7hsd og 1
drt (27 32, & 10).

¢

A 2x20 B %15

MAP_RS23210 MAP_RS00390 MAP_RS00595
C 2x57 D 3x51

MAP_RS03485 MAP_RS03490 MAP_RS23285
E ax21

MAP_RS09920 MAP_RS09925

= 32, AESA 2A3t 57 Tandem repeat (K-10 7]5)
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X 10. ASA A3 57 Tandem repeat $Jx] L A& FHRB (K-10 7|F)

Position of TR on

Name of TR K-10 genome L?Eﬁgh Sequence information
Start End

MAPK_TR_1 83,156 83,195 20 AATTAACGATATCGAATTTG

MAPK_TR_2 127, 386 127, 400 15 CCGCCGACCAGCTCT
ACGACCATTAAACAAGGAGTGATCGCGAGCGCGGGCGAAGCCCGG

MAPK_TR_3 703, 849 703, 948 57 GTGAAGCGGGTC

MAPK_TR 4 1,798,372 | 1,798,524 51 CCCGGCGGCGGCGGTGGCA?&ﬁi&ggcGGTGGCCCGACCGGTGGC

MAPK_TR_5 2,156,149 | 2,156,235 21 CGCCGCGCCCGTCGAGCGTCA

- 2% TRE o83t
flollA A= WA

genome=2] discriminatory index (D
2] MIRU-UNTRE
A EL TR

in silico typing:
gk 57)2] TRE ©]

2ol ol g3t DI

&3t FufFet EEF
NE AL R in silico typingS +3Y3IAATE (£ 11). *EL
1) %ljl
o] &5t LhoL 0.6285.T} &
A 13719 TRE

333t complete genome 13
571 8] TRE AH&-3to] 1370
]*}?'5113 Az} 0.795% 7] &0l AHE-3t= 870
S Bt} F71E 7| 2£2] MIRU-UNTR}

0.872% zstyon ol A2

=1
T=

RLN

(o]
%kt

TRe| & 7}%"3% HoF= A2 AlEHT
FF AIE YA RS FHelst= AP WS AASH s TREC] A2 Hlo] 2n}
AZ HEH M% | A oFoltt.
* AFA LA 57] Tandem repeatS o83t typing ZA 3}
Genome name | MAPK_TR_1 | MAPK_TR_2 | MAPK_TR_3 | MAPK_TR_4 | MAPK_TR_5 | Type
Telford 1 1 1 1 2 S
MAPK_JB16 1 1 3 3 3 B
MAPK_JJ1 1 1 3 3 3 B
MAPK_CN4 1 2 3 3 3 B
MAPK_CN7 2 1 2 2 3 C
MAPK_CN9 2 1 1 3 3 C
K-10 2 1 2 3 4 C
MAP4 2 1 2 3 3 C
El 2 1 2 3 4 C
E93 2 1 2 3 4 C
FDAARGOS 2 1 2 3 4 C
J11-1961 2 1 2 3 4 C
RANUVAS 2 1 2 3 4 C
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ro
Ok
~

HEN-mF 228X (interactome) 242 &
M 1

7}. Co-culture systemS ©]-23F MAP 7} R7|2] in vitro Y I
=
(1) Transwell & ©]-£3} co-culture system += (Approval no. SNUIBC-R190109-1)

- 718 QU dAFoA AFEH co-culture B2 epithelial cells®} 37 MDMsS &85}
o] 2+ Z7| epithelial processingoll Z2HE& utE REo|glol}, & AT 2&H &
G2 collagens M EL]7]|ZE &H-835}o] epithelial cells®} 37 PBMCs S AT o2 H
2] epithelial processing ©|F ThAl Ao A MAPS] FE7| A2 2 5F-HUA A
AEE A oR WY = U=F AAT(ZY 33).

Transwell Insert MAP

Epithelial cells

Extracellular

. PBMCs
matrix (Collagen)

(2) Co-culture systemol|A] MAP Z+3 A] ZF

ne,
P
N
(i
12

o
olo
Ar
=

- Co-culture systemol|A] MAP Z+o]] A] ZHd X7] FAE Hgnt-22] HILE A3k MAP
74 F 0A] Zroll A 1204 ZE7ER] A 2ke] Wi Zto] ulE cytokine XL W Wz E 245,

|
=

AP 7+ x| 7bH MDBK F+Q. cytokine W& W3} =& Az}, IFN-y UH2 72X 7H7HA] test

B0l control 280l Mo} $AHOL B £E2S FANLLH 124 BolA S Y
ATt B35, €354 cytokine?l IL-13= 7+ 6A17F o] FHE A AJZttfoll A test
E°] control ZLFof Hla) W L7t FoHoT Fotom 2412 71| v|=¥t +EL

% |H. Thl type HWRIE-E& thFESt= cytokineQl IL-12&= G F 12A] 73} 24A] 2

Zof|A test LEoA control ZLEo] H|| FFLOE 2 —’F%S} ‘?:_}‘drle _I_Motp] L].

o) Aol AL eldal Holst glols. WP el 2/ HAHeE YL A

AR 1-102] W £EE 7@ F 1242 ABAAE test THoNA control TEel 1

3l FoHoR &2 £FY UAS Hool} 124 Foll= 23]8 control IF°] o &

o 47 HE UThit Zew AT(2 ).

i lJ ri’L lJ
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34. MDBKoJlA MAP Z} A] A|Ztcd F8 cytokine -@x} UH W3}

MAP infection

o=

R cytokine W& W3}

T; 2
pu—

- MAP Z+¢d A]7H¥H PBMCs

2|5t em 1204 Zhsfoll =

oAl control L&
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% 35. PBMCsofjA] MAP 7t A] AJZIcfH cytokines -F-AX} W3 #H3}
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L},

DBKSF PBICs S| Z52F 71 ATZFeNE total RNA vRol ZATST= 1APS] AeiH <l Z475 Ha1
517] 2130 1S900 geneol] th3t real-time PCRS 438§t PCR ¥}A1& TagMan WAl o0& A
SolEE 421 real-time PCRE T3 & =+ vy 1d3 ZS(19 36).

18900 MDBK 1S900 PEMCs

50+ 80+
_5 Il Control E W Control
§ 40+ MAP infection § 60- MAP infection
g g
@ 304 - ¥ . @
: 2 T
520, 2 1 9 4 5
@ 12 B W N A £ 20
= v, 7 A VA e 7 =
22949949 7 :
@ [
&, o " é- 4 6 2 2 e o=

& & ..:'F q?v- ‘s(- .\,{g & & g Wﬁe @"x‘ ,\'1'? ,p‘\ .&Q‘\
Time Time

% 36. Co-culture Elojlq MAP 2 A] Zt2te] Al ] MAP #3812} A& B = vl

oY,
o%

o

e

oX,

-

N

lo

e

do

N
(g
tote

N OlN i 1Y o

MDBKAI M = 241 6A1ZH7HR] HEF =71 F7I8HAAL © =
UEhfglon, PBMCs= 2t F 6A17ol] A& =7} 71 i A2t A5
A3ITEZE 1204 2F o] F ThA] Z71813 . PBMCsoll A A&EH o 49 cytokine W
#2z]o] B MAPZ7} 3F2] innate immune responsed] 2]3] A AFE| x|t dE7} Aolto}

)
A S 202 AZSE 4 g, 120417 o F AL B FelonzE ofF
e o Eod FHoR BasiEg Wt ole.

—7

o
Hir
(0

o X
A,

N

Culture passage model ©]-&3F MAP 7ZYd % 7|2] in vitro model

T3

(1)

Culture passage model += (Approval no. SNUIBC-R190109-1)

7+l 27]2] epithelial processingS | & s}7] €8t WHOE in vitro culture passage
RS 5T (29 37). AAS5TU & fref AT AZFQ MDBK cello]l MAPE 47t &
F AAAZ F BEHAAE | ZIHE o] &5to] live VAPE 22|t o] F BHARNEH 2
3t PBMCso]] wild type MAP2} MDBK processed MAPS Z}zh HZE3to] 24A17F, 7241 7F, 1204]
ZE 2P F total RAF FE.

7]-‘—5- gt allo-responseS WA 4= Q3L EZF epi
= AE&E AEelst] A3 PBMCo| ZAAAE
MAP./] Lto epithelial barrier B}&S F5

]o

L Testl

- —
Native MAP
M. Paratuberculosis MOol{p-3:3)

N
# ¢ # (MAP) MOI (20:1
‘_‘t" ( ) (20:1) ’#a&
TRNe S
mf 3 2= 2 * RNA-Seq
= Real-time
- -l Test2 PCR
| T i, SR o \
G df"!": &) Ie
— L it el »-_‘__".9)- MDBK processed| - ==t ’
MAP
Lun™ -ﬁ:-

MDBK cells Infection 4h MOl (0.1:1)
PBMC cells Infection 24h, 72h, 120h

% 37. in vitro culture passage model?] BRAlE
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(2) RNA-seq &4

- MDBK cellofjA] v]Z+d thxF2 7278 5 4A) 7 ME oA total RNAE & H 5}o] RNA-seq &+
o 4

—_—

- PBMC cellof|A]= native MAPE 7} A|Zl I E(testl)Z} MDBK processed MAPE Z+A|Z1
25 (test2) 2 FE 2t F 24412, 72417 A S0l A RNA-seq 4] 3

- Illumina TruSeq RNA sample prep kit& A}&35}o] libraryZ} AH|ZE[ QS AHAS
I1lumina NovaSeq 60002 ©]&3}o] paired-end HE]E +3FH,

- DEG £ CuffdiffE o] &3lo] B¢,

(3) Epithelial processingo] W= PBMC2] RNA-seq 4]
(7}) 2+ vz Z3tollA fold changeZ} 2.0 o|A}to]al p-valueZ} 0.05 mjutel F-AH=}2] 74

So| e FHAESE volcano plot &2 £ (1§ 38). Zt test {9 Al

S7t 2 AT {FAAEL] g4 testl?] 24X 7 IFol A= 27870
A3 547708] AR} A Test2] 24417 2Eo A= 301702 &
A 31443702 FAATL ZASIA S, Testl?] 72417 2F o= 298712] &
o3 904742 §ARIT} LAt S. Test2d] 72417 A2 & 285709 &
27t Z7hstadal 638708 FAATE HastadS (2F 39).

- Venn diagram &AjollA U] 1§ EFolx FFL=T o] M3t FHxI= 282712 HA
1684712 o] Mgt FHAAE F 2 F&£& xA|819 21 o]= hierarchical 20
A UEls viel o] 2 F 24x 2k} 722 ol A ThE i o2 U o] WS} UElytT]
o2 SAH (1§ 40). 29 7 24X 2 °ﬂ*ﬁ% testl THH] 722 2 M3}t test22]
S22 AT AW a4 197 B2 17 RAR o Usht S RaA u
S Hol= Z1o g UElgton, 72X 7to]= testl EHH] test2ol A F713+ A=} 218
7N, Z+A3 §-AR} 45702 LERLE ZHd & A 7bo| X 4=F epithelial processingol] whE

A} W Hol 7k b 0% 5l 7241 ol A Xfol§ Mol DEGE testlo]H 2Aad

LR
SR} testzo] ulsh O WS HOT Ushde.
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% 38, Testl(24h, 72h)Z} test2(24h, 72h)2] =+
tjjv] DEG 4] (volcano plot)

1000 904

800 Oup

638

600 547

400

No. of Genes

200

24h_T2 72h_T1 72h_T2

% 39, Z} 152] up-regulated @ down-regulated®

AR 5

S
(A) (8) pprpiRRERREE
TN EY
24h_Group T1 b honghe i i 5 Al [
24h_Group T2 103 370 72h_Group T2
167 o 267
53 42
a0 146
> 282
16
14 51

a3 40, Z} 359 DEG A A3}
(A) venn-diagramS ©]-£3t 715 DEG 4. (B) Hierarchical
a

clustering #4& $8 2 1548 FA2p0A WY Hla




L}) Gene ontology(GO) A

- ZF O35 oA] Udo] M3t f-AREL J5 &5 E ¢35l Panther classification system
(http: //www, pantherdb, org/) ©]-&3}o] Biological functions classificationS 4383},
GO term £ ‘Biological Process’ ¢l 3f%sl= termS gt Az} ) 71x] 2&F 2 F
cellular process2} ##EH termo] 71 & H|&E EHH (¢ 41).

(t}h) Ingenuity Pathway Analysis

- Fold change”} 2.0 o]Ato] 3 p-valueZ} 0.05 u|7tQl DEGES thAt & Z Ingenuity Pathway
Analysis (Qiagen, Germany) A EQ]o]lE 0]—8—0]-01 Z+ed 27| epithelial processing %!
PBMC Zt@ol mhE =38 HYgnkg & ol 5 vkl FHA Ud HIEE 43

- Comparison +A1& 3 z} 254 foAo] —‘=fj canonical pathwayS< RdEsta 2tz

o] I Eo]A| pathway activation3} suppression IS EAl5191S

PEMC_24h_T1 PBMC_24h_T2

n 1 cellular component organization or biogenesis
(GO:0071840)

m 2 cellular process (GO:DO0S987)

w 3 biological phase (GO:0044848)
4 multi-organism process (GD:0051704)

= 5 localization (GD:0051179)

® & reproduction (G0:0000003)

u 7 biological regulation (GO:0065007)

= 8 response to stimulus {GO:0050896)

PBMC_72h_T1 PEMC_72h_T2 w 9 signaling (GD:0023052)

m 10 developmental process (G0O:0032502)

= 11 rhythmic process (GO:0048511)

m 12 multicellular organismal process (GO:0032501)
& 13 bielogical adhesion (GO:0022610)

= 14 metabolic process (G0:0008152)

= 15 cell proliferation (GO:0008283)

16 immune system process (GO:0002376)

1% 41. Panther classificationS ©] 23l gene ontology w4].

- P-valueo]] m}E F-2JAo] && canonical pathwayS A &3t A} ‘Granulocyte Adhesion

and Diapedesis’, ‘T helper cell Differentiation’, ‘Role of Pattern Recognition
Receptors in Recognition of Bacteria and Viruses’ &2 F L}EIYFS (18! 42)., o]l F

Z monocyteE2] cell surface receptor} H#H FAXE2] W3te} ##HH canonical
pathwaySo| 2 Eolxgdon, 3T cell E3}9} BHH pathwayEE B 24
LER S, S5AAF 22 LXR/RXR activation pathway7} &< A4S LEhAS

- Z-scoreo] m}E canonical pathway”Z} A @28 (28! 43). Top 50 canonical pathway=
Ae|st Az} testl, test2 IF EFolA  24xZro]l m|E] 72AZtollA thA[F <l
down-regulation patternso] A gL,
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- Comparison analysis® E3) 7 JIFel4 Wao] MskH o FAXFel T cell Bl
pathway2} Cell surface receptor H# pathwayQl ZHoZ EIF|ULS. T cell HH
pathwayS ZojA= ‘IL-23 signaling pathway’, ‘Thl7 activation pathway’, ‘IL-8
signaling’, ‘Thl pathway’ 59°] FQ38t pathway® &QIE] 213, cell surface receptor

H##  pathways SolA= ‘Role of Pattern Recognition Receptors’, ‘TREM-1
signaling’, Dendritic Cell Maturation’, ‘Complement System’ o] EQIH.

- T cell differentiation pathway =41 A2} testlZ} test2of|A] ZE <l W3y} F&EE
°n:] 24 F 24A] b= Thl cel1 52 EA37 #aE g oL 724 7Hols AAFHE IiE
S VERA S (2% 44). Thl7 cell& 7} Avid o g7 HA3E| = el & Lehigl o,
IL-17A2} IL-17F cytokine gene?] real-time PCR A} 7' T 120A] 7 A EZofA] testlo]
H|3] test27} FHLE &2 gene expression 5 LERY (28 45). ulepA
epithelial processingo] }= host?] 53 2l W3} & slLte= IL-170] Z4E & &2 4]
7R FAE= AU I3 IL-17 cytokine> chemokine #H|E X}=3dto] WA
2 AER9E Tolots IddE . uleba] IL-17 cytokineo] ZH2 F 12047t 71A]
2 E = 72 WA mycobacteria @] EAQl folE FA I} HHo| Y= T
2Jol| = Treg cell ] EA3}e} #glo] Q1= FOXP3, RORyt, CTLA42} 71;% Q. =}
W o] 2718 Flo] elE e, o= phagocytic cell52] 72A] 7t o] F surface receptor
Azt U ?:}—Li} t}"""‘o] 9»«% Ao FHEW, ol Tl MAPS] ZH 27| M

o13F SolF A 2 phagocytic cell maturation

[4
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Z-score

1% 43. Canonical pathway?] comparison analysis
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_43_



activation

Thl7|activation

. =o

Thl al:tl'vatiun

IL-17A IL-17F
b % B Control be = B Contn
20 = B8 Test1 B Test1
[0 Test2 [T Test2

Fold-change
s o
Fold-change

L)

(=]

T3 45, 2} testIBe] 7 F 24417, 72412, 120412 Aol wpE
IL-17 gene real-time PCR

- 8 F 2ATE B3} F testlF} test2 LFolA HQl FFHQU W3 F Shtes cell
surface receptor FAXIE2] W@ Z+AQ. IPA canonical pathway &4 A} o]e}
l+= ‘TREM-1 signaling’, ‘Dendritic Cell Maturation’ 52| pathwaySo] H#|H H3FS
2 UElLS (9 46, 47).

- TREM-1& neutrophil©]L} monocyteol| A W& E= £ Q23 signaling receptorE A AA17Z¢
dolAd FLY JYE st o2 ddA & TREM-12 &A% GFNEE FEsHAY
TLR, NLRZ} Z2 T}E surface receptor 5o| FEdl= Og%‘-‘ﬂ%% Z 235 88 3
uwtebA] TREM-1 signaling pathway®] Ztas= GEHESS] A9} #do] Q= Z o2 with
=l
d.

- ‘Dendritic Cell Maturation pathway &} H#1H -FA=x}=<1 TLR2/4, TREM1, TREM2,
DAP12, CD40, CD86, HLA-DR 52| S-HA}So] testlZ} test2o] A 7@ & 7247t A ZE
Ho7 udo] ZAE YL, o]E Es3 Hﬂ-‘{—liﬂ 01 A3} pattern recognition receptor
So] MNIF o7 WFHo| ZtAH AL 2 ] 3} receptor protein} Ar& 2t
& dl= down-stream FHAES] o] T o2 FIAF A=, ol T3l
phagocytic cell &8] 7550l ANIH LR AAE = o8 F5Y 5 UL, welr] MAPTE
host cello]] AQIS}IH host cell 52 TLRI} Z+2 surface receptor?] WdHE AR ZIOE
A A3t gFHkgolLt immunopathology 2 WA E = A& = Jo% A4 4+ glon,
B2 MAPZ} host cell wjoljA] X|&HH O F AZE3517] 9|3} host cell?] A3} switchE
T oz AAHE 2% oS

l-
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- Liver X receptor/Retinoid X receptor(LXR/RXR) pathway®] Zt4.
2+ & testlZ} test2 LEHoA ZEZ S F LXR/RXR pathway?] down-regulationo] 3%

=5
e (27 48). ##AH §HA}ES F ABCAL, ABCGl, APOE, CD36, SR-A, IL-36B, CYP27Al
5o FHEAENA WH AT BERE|QS. LXR/RXR pathway?] A= cholesterol
transport?] A} o] QL. LXR/RXR pathway= down-stream -F-ZA}Ql ABCAl,
ABCG1, APOE 52| #-4x} wa& ZF3. ABCAl, ABCGl, APOE: cholesterol efflux &
& 3}= transporter® W F-AxE2e] UEH 7P4A L cholesterol?] host cell W 33}
Hglo] 9 S Ao T AZE | Cholesterol pathgenic mycobacteria?] macrophage U 23
Eoll A ghaddo]7] wiel, sl A2E s MAPZ} W pathwayE JAA L2
# cholesterol®] &£&& RAEst= Zl1oZ2 FZ 4+ 9. LXR signaling> KESL
cholesterol 8] AL X A= IS 517 wfol 3% signlaing?] GA|7} host cell
2] cholesterol TthAle}E H&#Ho| 92 AEZHSZF MAPZ} LXR/RXR signaling pathway S
AAA Do ZH =}4le] AEo]| HRT cholesterol & SFHZEHE FH i 7MS

HHE + s (I8 48).

% 47. Dendritic maturation pathway
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.....

%! 48. LXR/RXR pathway

C}. In vitro Microfold cell (M cell) =3}7|"H& =3t MAP 7+

Q we 73
we Bt due Bolol 7 2
517] 91slA Htol A Ex]7]8}F 22 °—1‘§% 3}= Microfold cells (M ceIIS)Oﬂ tﬁfﬂ A7t
s ol FolA $&. Mt AHlo] ol b
=S Y ollR FHATI= Zol EFHA AEZA. M
lymphoid tissue(GALT)2] Peyer’s patches (PP) SojjA] T = glon o] &2
G el Q4 W mo WSS AN T UL T AR N AR AP
AT Relshe 71482 ol &2 ohlel 2 7o) Thls B W3 5o tory wA
AL 7R QAL 2L} Gullberg et al.of 28t in vitroM A REWe] 7S E3)
o] =8| translation, FAX} W& A, 2e|al JEFI 6 (IL-6) X T AL UAA}b-a
(TNF-a) 5¢] B M= & rlo]|E Felof thdt a7t 75 2, in vitro M A 2Y

Al :5’-_% gut-associated

2 At E3) ZdEE HYA EMo] 83 AES BUEH AAFL 9L &2 A3y
2 o]qt invitroM M3 2P sl om FF HUA W 5F AT UA FAjof o] &
& ol .

(1) in vitro M cell &3}

- Caco-2 A= 10 % FBS W 3AA - AAE Yol DMEM oA 5 % C02, 37 C ZZollA
Bl st Raji BMIE= 10 % FBS W FAFA-FAZAE Yol& RPMIOIA 5 % C02, 37
T ZZAo|A viekstal-&. Caco-2 AIZ (5 X 10°)%= Transwell (pore Z7] 3.0; Costar,
Cambridge, MA)2] insertofA] 14 & ¢t vjekstelom 1 3 Raji BMIE (5 x 10°)&
transwel 1 2] ol wello]] Yol 4 A5t co-culture 31 S. BiX|= HAAZE ZAHEAS.
Raji BA|E ¢lo] Caco-2 M wtd uof 3t well & & hRFLE 1S,

(2) FAPAAAn 7 (SEM)S o] &3t MAIZ2] Hef ud

- Tk wjoF W co-culture® Caco-2 AMEZE buffered glutaraldehyde (2.5 %:; 7.4)0] A
2|8t & o Eh2 (30 %, 50 %, 70 %, 90 % X! 100 %) o] &3| ¢& e E *]'93% MES
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critical point drying WHO T ZAXA|Z|Z, WZOZFT FE 3t F FAPAX}HAn|H
= =
=

[e]
(FE-SEM, Supra 55VP, Carl Zeiss, Germany)& AF&3to] M A3 JHE|

Monoculture

Co-culture

% 49, SEMe g <43t Caco-2 A|E

(3) ImmunocytochemistryS ©]-£3F M A3 marker L& A

- M M|AE2] marker?] Sialyl Lewis A (CA19-9)2] U3 & confocal ¥4 Hn|ZFS& o] L35t
st S. ©d i ¥ co-culture® Caco-2 MEE AR2oA 10 & B 4 %
paraformaldehyde® AT ¥ ALo]a] 10 & ZoF 0.5% Triton X-1000] =] 2|32
0.1% Tween 20 in phosphate-buffered saline (PBS-T)2.% 3 3 ¥ g F MNZ
blocking buffer (1% bovine serum albumin in 0.1% PBS-T)of] 1 A|ZF 5 RToA A g]
2. 1 2} A Z CA19-9 (Santa Cruz)E 1:50 H|&E 3]Aslo] wba] 4 CollA A 2]t
PBS-TE 3 & AM&A3l3, 1: 2002 F 3|4 ¥ Alexa 488-conjugated goat anti-mouse 1gG2b
(Invitrogen, USA) &S A-2ofA 1 A7t B¢t HE3s}edS. AIEE 0.1 % PBS-ToA A
#s}3l, Vectashield mounting medium with 4,6-diamidino-2-phenylindole (Vector
Laboratory, Burlingame, CA)& ©]-83}o] mountingd}tsd 2 confocal 334 &n|7 (Zeiss
LSM 800, Germany) 2. % o|n|x]& &Y 519

- invitroM A3 2P I35}ty ¢34 Caco-2 A|E wtd vjeF W co-culture® caco-2
A 3Eo| A confocal 0| AE ZA51eS. 218 50A0A confocal #n]Z AR S E LIEpG

b AR
Z 2} o], Sialyl Lewis A (=524 FH)2] W e wjof W co-cultured A E2] ¥

o i Sialyl Lewis A2] & o] 2 nfj o]
chd vjoF X co-culture® Z 3} AFH¢lo] 30 % o]Ato] Sialyl Lewis AS W3 sH= Zlo]

olgladS (13 50).
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A B

Sialyl Lewis A (AF48R) Nuclear (BAFH Merge

o . . .
- . . .

%! 50. confocal #n|RZ & o]&3t in vitro M A3 2] ol

Sialyl-Lewis A
30 . *

25

20

15
10

) .

0 . !

Monoculture Co-culture

fluorescence intensity (au)

»
Ar

(4) quantitative real-time PCRE ©]|£3t M cell marker

- Sialyl Lewis A 2]2] M A#]32] potential marker& #QI5}7] ¢|3] ©]|= marker?] mRNA
&S quantitative real-time PCR (gRT-PCR)S ZE3l £A35}92. WA Quantitect Nova
Reverse Transcription Kit (Qiagen, Germany)Z& A}-23}o] mRNAE reverse transcription
A Z 2.1 Rotor-Gene SYBR Green PCR Kit (Qiagen) & ©]&3}o] MEE FH|, Rotor-Gene
Q Real-Time PCR Cycler (Qiagen)E A}&3}o] qRT-PCRS 43 3}91S. Zalojn:= nfa g
Aol oJ3] FAMEALS (F 12). 24 vt} ZL: 95°C for 5 min for one cycle
followed by 45 cycles of 95°C for 15 sec and 60°C for 45 sec. Gapdh FZA}= tf2F£ 2
2 AbeEde. AlHel WHE T (2-AACT) WS AHEsto] Aus e,

¥ 12. M cell marker 23 F24.& 9|3t qRT-PCR primer

Genes Forward Reverse
TCAAAGTTGCTTGCTTGCTGCT
TC
CD137 GTGCCAGATTTCATCATGGG CAACAGCCCTATTGACTTCC
CLDN4 GGGGGCAAGTGTACCAACT CACCGGCACTATCACCATAA

MMP15 | ACGGTCGTTTTGTCTTTTTCA GTCAGCGGCTGTGGGTAG

CCL20 GCTGCTTTGATGTCAGTGCT

- M AM3Z2] potential markerQl CCL20, CLDN4, CD137 % MMP152] A=} &S gRT-PCRS =3f
FHlslgle. 2 Azl vl ufFH caco-24E e} H]aLsle], CD137E A£]3 CCL20, CLDN4 %
WPIS §axte] wHle] BAHOE St Holg Y (17 5I).

B Monoculture

B Co-culiure

- L e W S =]

Gene Expression

wi

CCL20 CLDXNS CD137 MMP15

=

2 51. M Al3¥2] marker A} w3

_48_



(5) B E transport assays
- M M &ZX Salmonella TyphimuriumES $%3}7] €13t E& $+LAE 71X Qi g8 A
A E}E}H 2319 in vitro M ME BEWe] 754
co-culture® caco-2 A|3of S, Typhimurium (MOI = 100)S AEstF om 2 A7t ZHdA|7]
%, Az £ASGUL. olold, AW FEE 27 AHA A2 25 LS LB
=

agarol =ste] 18 AlZF ot 37 Tollq wjgstdd

—_—

- oA E Ao thgt M 4 3E& 28] #ls8l, S. Typhimurium & o]-&3te] 3t

HMAEL 5 58S 2 MEZE B3 S Typhimurium ] 4= CFU/mLg%t
= Axtstd . Azte oY vidH well BT} co-cultured wellollA {-23HA o W2
2] S, Typhimurium 7} $EE R FUL (28 52).

Salmonella typhimurium

3000

CFU/ml
(%)
=

1Y

monoculture co-culture

3 52. M M|3ZojlA] S. Typhimurium
o559 2o

2}. Human THP-10f Z}H x| 71 MAP2] 7t 2R 7] dual RNA-seq w4

- Human THP-1 cell % MAP K-102] Z}¢d & total RNAZH-E] dual RNA-seq =4S
PMAE 118] 0}01] A A2 23FA]Z] THP-1 cellof] MAP K-10 straing MOI 10:1E 3A| 7t

o} 71 & total RNAE $&3}9lt}. MAPS] RNA &Fo| THP-1of ]3] & =35 A

x= 17] uwljFof] %3t sequencing depthsS ER.35}7] ¢]5te] lysis buffero] =
ol & A EB.glE &3] host RNASE 90% A% A A3t & mechanical lysis A1 O F total
RNAS F&3fo] MAP RNA & F8&2 Zui3d} stadct. 23 total RNAX double rRNA
depletion methodS =3} eukaryotic %! prokaryotic rRNAZ} H| A E 2, library =2}
R AW BAo] Sus ot

—_—

- RHES 9l Zhzt T Jfe] MEE A|H A A3t MAP K-102] mapping rate= ZtZ} 0, 42%2}
54%90 2™, read count:= Z+z} 1,099,9542} 1,431,536°]2t}. THP-12] mapping rate=

- Dual RNA-seq Hlo|E]&= ZtZ} n]Z+¢d THP-1 cell % broth cultured MAP2] A]FHAldo|E &}
H|aLsto] DEG &4 o] 433%| it} :‘f‘" Zzt VAP K-10-Z Ztgel mhel F- 334708 Fax=}
Wo] AT, 339708 FAA W o] sFRAE T (cut-off: 110g2FCid=1 &
adjusted p-value <0.05). THP-12 Zto] wiel Arsr ol slakxd¥H /-A=7} 242 4,099
7Ht 1,7647) it (1FCi>=2 & raw.p-value <0.05) (1§l 53),
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(A) (B)

MDS (Multidimensional Scaling)

@ MAP
.. @ THP1_infected

@ THP1MAPdual
THP-1_control

PC2: 17% variance

Component 2 (2.1%)

PC1: 82% variance

-5 )
Component 1 (97.3%)

Smear plot between
THPIMAPdual_vs_THP-1_control

P339 334

- |FE|>=2 & raw.p<6.05

log; fold change

5 bt
Average 1ogCPM

og, i change

%! 53. Dual RNA-seq H]o]E]2] DEGE2A] A3}

(1) MAPS] ThAIAIE Zhedo] mE zhed 27] A

i

33_1:]

QY

o
M

2
—|

- MAP 2! THP-12] DEG= FF enrichment 2A1& E3f 7|53 EAlo] 4=3ix|git}. MAPS] 7
¢ KEGG pathwayE database®} &t ¥ GSEA tool (v4.1.0)& ©|83}o] enrichment £4&
w35t (29 54). &4 A U2 EH FAAES FE ‘polyketide b1osyr1thes1s
proteins’, ‘nitrogen metabolism’, ‘Two-component system’ 52T EHE 3 s}3kx4d
H fAHAAE £ 71 7150l dAIFEAS FHLE o FFH pathways= ‘arginine

biosynthesis’, ‘Pyrimidine metabolism’ S22 L}E}YITE

- KEGG enrichment #4 ZAI}E Cytoscape?] enrichment MAP applicationg ©]-&3}o] UE
A3z E4E Y Az P H O ZoE ofE5FHE= pathwayse Y
‘Two-component system’ ¥# FZAX}5, ‘DNA repair’ 38 FAX}Eo] LTEOZE AISFXR
H A& HJ¥ = Adddrk (29 55). Z3, JAHH ZoE AFH pathwvays

—

Metabolism, lipid biosynthesis, ribosome, transporters, arginine biosynthesis 3
FRAES 250 T WUdo| stk ojqlo] 729 F MAPR] metabolism & 7]%59]|
Nt o g AAH S o&SY 4 Ut (27 55). ol= Y A F MAPY} stressH7
Zgolutet growth7t HEdelolm, ofu=]2] A& #|481617] 9l8) biosynthesis&
i3t AAstE o2 H]lrh

&r_&r&tO{Nmﬁom
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NOM  FDR

KEGG Pathway Size NES pval  gval

Polyketide biosynthesis proteins

Nitrogen metabolism

Nirotinate and nicotinamide metabolism

Two-component system

Mismatch regair

Steroid degradation

Two-compaonent system
Protein kinases

DNA replication proteins

Lipid biosynthesis prolsing
Peptidoglycan biosynthesis
Glycerolipid metabalism
PPAR signaling pathway
Alcoholic liver disease
Ribosome

Ribosome

Citrate cycle {TCA cyele)
Oxidative phosphorylation

Pyrimidine metabolism

Arginine biosynthesis

%! 54. GSEA enrichment #2412 %3] Q¥ FQ KEGG pathway 3} (Top 20)

Metabolism |

Two component system  Lipsd biosynthesis

[ . . ”
[ ]
.
! T L ] » L]
|» o - .
- .' - .
DNA repair Ribosome & > _ o
a . ™ e »
L]
o & " 2
Transporters
. ® ® . * e =
L ] L]
] -
. .
L ] L ]
L ] »
L ] L
L] ™ L]

1% 55. Enrichment MAP #2].& o] 83t FQ KEGG pathway?] network 4]
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(2) MAPS] - =tell iyt AHA] dlolEHo] A 75

- Virulence factor database(VFDB)& o]|-&3}o] &d&{x Q= vlgg|ole] HAAF-AR} AA
of th3t dlojgjmlo]AE o] -&3to] BLAST &A1& Sl AtAH o2 vAPS] g /F8At &
Z2& 2ttt (¥ 56). = 28,8567 HYUAGARIZHFE 8257§2] virulence
factor gene?] E-Fo] ZAAE g on, 7|53A w9 ZE classification¥ & t}.

=

The VFDB classification results

1%l 56, VFDBEY-E] BLAST £4& 3] 2t 3 MAP H 484 =} DB

I
N

I3 ¥ VFDBE dual RNA-seq #4&
A3t FAAE i 7153 £4
|

I

E

A
Aol B5 A} secretion system, iron uptake, regulatlon % #

R8st b FedAA Uehdeh

o N

- Secretion systemS mycobacteriaol] £x]5}= type VII secretion system < esx-3%}
esx-b & [FAR}Eo]|gt}. Regulation & {FAXES £ 87]= KEGG pathwayol A
two-component system®. Z =-FE] 2O, sigma factor & whiB3 &2} 3} regulation
o &3t= |§-A=xISo| 2Tt Iron uptake #8 §AXESLE mycobactin synthesis} HEH
mbt geneE& EFSIIL AT, FUHLSZT, MAPE &7 iAo ZHIH ol—‘f: e A
Egof t]-&35}o] two-component system W sigma factor®} Zr2 ZAH7|A S EA3si
iron uptake % secretion systemS =3 WU AL FA3}st= o E HIt},
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VFDB annotation of DEGs

Unclassification

Stress adaptation

Secretion system

Secreted proteins

Regulation

Protease

Phagosome arresting
Manganese uptake
Mammalian cell entry (mce) operons
Magnesium uptake
Macrophage inducible genes
Lipid and fatty acid metabolism
Iron uptake

Immune evasion

Efflux pump

Cell surface components

Catabolism of cholesterol
Anaerobic respiration B Up-regulated

Amino acid and purine metabolism B Down-regulated

Adherence

0 5 10 15 20 25 30 35

a2 57. Z}A|A|Z} virulence factor databaseo] ]3] annotation™ MAP DEG2]

classification

(3) Host-induced bacterial stress responses

- Qx| VFDB2} KEGG pathway enrichment 41 =3 2-FH DEGSo] thsf cjAAME Zhed =
712] MAP stress response’} Q2 W3S ERIslgon, o]F 7|HtoE FQ FAHAE
o Wy AEE BAsiort (13 58),

Two component system = -F&]A O T W& o] =718t mprAB systemS A HFoA cell
WOT FT WHo| F7hte AOT el Q] mEel P

ESE thAIAME ZF X 7] cell envelope stress 7o =&£F = ZoE RHo|o, 3wt
regulatory system B/d3E T3l dt¢lolA ZAEE]= signa factorl sigBe] W3 =gt
z4d H Zlo® Helt}, Sigma factor FoA& sigle] o] 71 A F7tstal=dl,
ol ol Aol FHAH A} LA|st= Zlo] ATt sigl?] deletion mutantE o|-&

gt ALE 53| 3 sigma factor:= oxidative stress®} cell walloj T3} damage = F-E
JEE& st ol 43Rl 715E& Trhs Aol HAF T sigld cell wall ¥dol F
3t polyketide biosynthesis protein W3S XAsl= L 3ttt d#A 97 w&
, o|& 35t VMAPE= ZHE X 7] =2 cell wallo] damageE U A=™, mprAB % sigl
cell wall stresso tf-&3t= 7S B ZOEN thAMEZ oA BEL 5= QL

AOT Ztdrh

envelope stressof tf3dt ¥k-g-

Y

fr on 2 fo

_53_



(A) Two-component system (B)

Sigma factors in MAP

Sanamegxa | —
SAIMAP_RS14420) =
foe E ] SgB{MAP_RS14455) ——
MpBiA — SOCIMAP_RS08230) -
SODIMAR_RS21920)
— | Lo IS - SOE(MAP_RS13045) ]
= | —_— =] SQF(MAP_RS17510) ]
2 I 8 sorirear_/S07s00) i
g TraR —— @ SG(MAP_R51850)
g seen 3 sgH{tAP_RS17m85) -
< === o Sg(MAP_RSO0SS) [
o N = sigl(MAP_RS17715)
g ] -og (adjusted Py @ SigL{MAP_RS21555) _
o L | * s SgM(MAR_RS22245) T -log (adjusted £)
T = B olher ECF-1(MAP_RS04750)
Pt e o other ECF-2(MAP_RS09005) | |
oiher ECF-3(MAP_RS11020)
SN = . otner ECF 4{MAP_RS08940)
= other ECF-S(MAP_RS21115)
: other ECF-6(MAP_RS21180)
-2 -1 1 2 3
log2 fold change -1 0 1 2
log2 fold change
(C) Iron uptake (D) .
P Secretion system
mbtH(MAP_RS07210) |
fad 4(MAP_RSO7205) (== e
. 12dDIHMAP RSOTS10) " L T
) minE(MAP RS11050) o I ]
8 mbe(MAP_RS11060) o i =
@ RENMAP RSTI7BS) 2 E—
=1 IdeR(MAP_RS14460) = n ™
O  fadEla(MAP_RS14520) |e====u] -log (adjusted P) 3 ——
3 TadETA(MAP_RS19890) T i -log (adjusted F)
T ybiE(MAP_RSOZ075) [ 3 o
@ fadD33MaP_Rsoose) = e
S mbt{MAP_RS11175) o | ]
@ fadE14(MAP_RS16365) — = L]
bitA{MAP_RSDS115) —— 20 b 1
-4 -3 -2 -1 0 1 2 3 I
log2 fold change = =2 2 o 2
log2 fold change

3% 58. MAP?] stress #3 F2 FAA} U3 w3 gA}

- Iron uptake ¥ FHAAE F o] FoH o2 F7I’F &2 mycobactin T4 A
AALEo| 2Tt MycobacteriaZl d A7 ol Ho| A= mycobactin Y& F7HA 7]
H AR eh el bfre] WELS HAAZ O ZH o]of tf3itt & AFM=E
Fo] daE o] VAPTL thA 2o P F HZAY stressE F A= AR A S5F
Tt TIRE, MAPOllA mbtA2] ZAES 2 I8l mycobactino| &]F-oflA H7x]ojofgiti= A
28 3PH mbt gened] WdH Z717F AAZE intracellular 7oA mycobactin gene?] A¥
izt Belol QA 27ldTol Wasih

e
N>
_?L

Mo ¥2 rlr K Ho

- Type VII secretion system % esx-32] Wd Z7}7} #&=E O, esx-52] PE % PPE

protein®] W& Z+A 7} 3EAE AT} esx-3= & AT AZo]| A mycobactin bindingS =%t
T&< 918 H Qa3 secretion system@ 2 A A 9l7] wfFol H AY AE L0 tf

120 2 Hido] Z718F Z1 0% HItl, 2L}, mycobactin binding & o] 2] 2] C}E
H JAAEY FE5AE Aol U= ZeR HuFEL 97| ufFel HxfA QL g
A2 A 2] esx-38] WdA F7F R Y BTl ol& ALoR wUchHrt Esx-55 T
£%]= PE W PPE proteins< AMEH2 FTAQRAZT 2R3ty od8x o, AIAAS
o| 83t oA PE192] deletion®| stress ZrFAlo] & ZdAWHo|FoA cell wall
stresso] th3t A PAHE ol Ao AHET] tfifol & AFolA HHH esx-52] A

A ol PE 2! PPE proteinEe] Wd 74X cell wall stressof tf3t vt2 o7 AzZtE

ok o
T
oo ofv

ey
X
o

(4) Manipulation of metabolic process

- &3 MAP 2504 79 R7] arginine metabolism #&# pathway?] A7} o|ZE ot
(23 59). MAPolM = arginine biosynthesis ## #Ax} wd Zrarzl #JEE U,
THP-10j|A| &= arginine and proline metabolism pathway?] & FAx}5 Ud 72HA7 3
Z=Qltt, Arginine A EoA iN0Se] Aol AZAHZA ZQ35jtt E oAM=
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WE FA RAANEE DAl = B7o1aL N052 gened] elH el UT BAIT DX
A
g

(1

2l 60). MAPo]A] arginine biosynthesis& & A|5}3L macrophage L&] arginine
uptakedto] AHE-HOZH iNOS /el 23t arginineo] ZHTHA Ao &
A3} &l intracellular bacteria®] #H| Aol 7} £23 &4 F slLQl iN0Se] wW&d A3}
S 9oy 4 g Ao ofatHr)

=2 s2—2

- MAPE= nitrogen metabolism ¥ A 2}E, E3| narGHII % nirBD2] W& Z7}7F #aE
ait}. narGHJI+= nitrate reductaseEA] nitrateE nitrite® reductiond}= enzymeo]|
t}. Intracellular environmentof|A] broth culture thd] W& o] Z7}38t Z1-& anaerobic
respirationZ} T#o] = ZFOFT HIC} MAPE macrophage?] phagosome UjoilA]
hypoxia AYefo]l EolA 3L oUX|E &7] ¢I8t AH O = nitrated reduction st 7|
Ho] A= ZHAow 3™ 4 Qlt}l. Anaerobic respiration A o]A= N0O3-&
reductionsti= oA ofURE ATl o] ZPA nitriteZt BEE =, MAP=
nitrited nitric oxide HFEfE v E3}7|Et}= nirBD geneS induction Q. Z X of 4 #]
7} 2R3t Z}AQl nitrite reductionS EA3}st= ZoZ BRIt Mthe] in vitro
dormancy modelo]|A] nirBD] -F-2]& el & Z717F el 93, nirBD mutant= 3w 7+
@ RdoA wild type straino]] H[3} FEEZo] ZA WHolHTl oo thd HUAS
dormancy R 8] hypoxicqt B7 oA Atoldr] 213t nirBDY] &S F3f A 7Hs=3cl.

(A) (8)

Enrichment plot:
KEGG_ARGININE_AND_PROLINE_METABOLISM

0.0 & '
\ |

g

L1

T I
g

7

Enrichment plot: 220

SampleN:

{
ok

£-05 g
5 P a™N

e L LU

Zaro cross A 210

Boe ow o

b

“Cantrol {negativaly canelated)
0 2000 4000 6000 8000 10,000 12000 14000 18000 18,000
Rank in Ordered Dataset

¢ aatively oorrelated)
0 §00 1000 1500 2000 2§00 3000 IS0 3000 4500
Rank in Ordered Dataset

Ranked list metric (Signal2Noise)

— Enrichment profils — Hits Ranking metric scores — Enrichment profile — Hits Ranking metric scores

(E) Nitrogen metabolism
narl(MAP_RS13350) ]
nar)(MAP_R$13355)

D narH(MAP_RS13360)

(——

===
narG(MAP_RS13365) |

|

| —————

8
{2}
3 nark2(MAP_RS19010)
=]
-

-log (adjusted P}
nirB(MAP_R$18985) ’
@ nirD(MAP_RS18990)
@ nark1(MAP_RS10685)
narl(MAP_RS19035)
-0.5 0.0 0.5 10 15 2.0 25 30 =

log2 fold change

gl 59, MAP ¥ THP-12] metabolism & F-Ax} ad ¥}
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ARG IHINE AND FROLDE METABOL IEM |

2 S cingd. 25 e 13 Swictiy
L-vmithie HSmwrmd-1ghitarmi 13 Swecond

. YYD o {ia1n} L {351m} :.Ii"———— —— | e oo and |

L e [
Mo s srocn e i #...l- |
2 Sneemd. A Cinsinkion. 5. 0 (e
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BT T s By el Iy
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93] Divplae
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(o epriion - ——-5 ki,

[ Covtam el mohoumne ) - [13432]

[ Bamansin meisholms }

1% 60. Arginine and proline metabolic pathway (KEGG)

(5) Bacteria induced host immune responses

- THP-1 celloflA] MAP Ztdof tfdt 71AF FQ3F W dHE2-2 pattern recognition receptor
A 3to]] upE cytokine W chemokine & Z7}git}t (2”8 61, 62). Up-regulation H
cytokine FAAEL TNF-a, IL-1b 921, chemokined IL-8, MIP-1a(CCL3),
MIP-1b(CCL4) S-o]git}. Co-stimulatory moleculeZ= CD40, CD802] W3 Z7}7} 3y
ot o] &lox CXCL1l, CXCL2, CXCL3%¢] =& 3t AMskxzd g ot} Pattern
recognition receptor genes & W&H L] AlskxHo] HHH F1-& c-type lectin receptor
(DC-SIGN, Mincle)Eo]¢it}. TLR2L} TLR4 5¢] #EAd3to] wlE NF-kB 5 transcription
factor?] W3 Z7}7F #&AE Y3 inflammatory cytokine?] W& =717} 37 3= o
t}. E3], c-type lectin pathway?d] ZEAZIE o&F =4, DC-SIGNe|Lt Mincle
receptor®] EAd3to] ulg} IL-1B, IL-23, IL-10 52| do] ZF71H ZIoE o ZE L]
Z3ta 02 3y} chemokine W cytokine Z7}= Th17 8l Hdvtg-& A IS A%
S 7] Heel, e Bol A TAUTAN FUSE Th7 T e
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TOLLLEKE RECEPTOR SIGMALMNG PATHWAY |

11

( PIK-Akt ]
signalmg pathuay

| TLRY
Peptidoglyean (GH) — | 7Ll ol oW o | o
Ligiobas
mmarman
zﬁz”"’“ﬁ?“;} ]
oz (Yes TLEA )
Proinflammato:
EnEE oot
[z |
- Chematactic sffocts
Sa—— T T
LFS(G) D14 mwﬂﬁkl-rﬁ? e
(ke
Ly =
B e | Wi |
Complement and
coagalstion casads
—
ﬂ Flage llas assembly
Figoln ————>HLES
T cell shimala bon
T dazoquircln
{antiviral
SSFITA
Unsthoiated
ey
Antrnl s fects
dsRITA
MyDES indeperciant Ciolise-
i
iz oo
I Hulocriee f Pascring

S| == Chemocic sffects

I_!:L_I §
TAKC STAT [ [Cime]
sxgraling patheny

04620 228017
iz) Kanghisa L

%! 61. Toll-like receptor signaling pathway

prgeg
!-'-' 2 @ <2 48 o8
C-TYFE LECTIN RECEPTOR SIGHALING PATHWAY
l | Dendnitic cell, macophage, reutrophil, e
R
I
'
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1% 62. C-type lectin receptor signaling pathway

SFof wap BelFe] S UY 24
7}) MAPK_CN72} MAPK_JJ1 5 RNA-seq B 5

- o]d A A FF U sequencing I MAP FFE thd o E F-AX WHFE Flsy]
213l RNA-seq & Z13¥stolrt. 570 Sl 5 JAuiA] 2o whel RHF A 2ol & K

o] MAPK_CN72} MAPK JJ1 &5 270 & 28319l em Illumina platform& ©]-&3to] do]
BHE I3t} (£ 13). A¥Y 93 @ dolege AlgE A 93] zt MZse
duplicate® RNAE F =3}l
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- Sequencing A2}, 4712 AMZE &
2] read 2} 3G bp ©]/8] Hlo]E
T}, CN7-RLT AE2] GC content”} T}
= o & A= ofd ZoE AL

rln
i
Mt
2
=

[0
=

¥ 13. =5 RNA-seq 42} AR

Sample ID Total I(‘E:()i bases Total reads GC (%) Q20 (%) Q30 (%)
CN7-1 3,539,916,478 35,048, 678 63.59 98.95 96. 69
CN7-RLT 3,402,040, 166 33, 683, 566 59.92 99.0 96.73
JJ-1 3,408, 776, 866 33,750, 266 63.29 98. 88 96. 56
JJ-2 3,915, 269, 444 38,765, 044 63.23 98. 87 96. 49

(L}) 353k RNA-seq Hlo]E| 4]
old Aol A 53 RNA-seq =4 Fpo|ZgjlE o]&ste] FiF RNA-seq HIo[EIE &
Astodct (& 14). BowtieE o83t RNA-seq Ul©|E| mapping 23}, 47§ WM& BF 95% o]
A+o] =& mapping rateE K. T}, RNA-seq H|o|E] Q] read Zo|= 47] AE 25 98 bp=E
=015} 01 paired-end Alo] insert size= H 184-194 bp & EQIE| g}, o]F =
zto] Z2}Ql o] samtoolsE AF&Sto] A Hlo[Bl & H 2] ¥ UdFstlen sid teole &= o]
F cufflinks& #-&3to] AE dlolB| 2t vl 4ol AHE-E At

F 14. SUlF RNA-seq Hlo|E] &4 Az} FH

Mapped reads Mapped 1.3roper1y Average read . Averag?
Sample ID paired reads insert size
bases (bp) reads length (bp)

(%) (bp)

CN7-1 3, 310,155, 604 33,777,098 96.4 98 194.5
CN7-RLT 3,163, 302, 604 32,278, 598 95.8 98 184.3
JJ-1 3,167,449,572 32, 320,914 95.8 98 194.6
JJ-2 3,674, 356, 924 37,493, 438 96.7 98 194.0

(7}) ATCC19698 +F RNA-seq &
- FUFe] fAx Uk vl Felsty] 8] thRELE EFEF(ATCC19698) S A EYSHL
:} I AR 2ol wE /AR UEES sty =

'\_°
ol
=

S st e, sl AP oA RNA-seq HIo|HE H53IAT )
;'_HLLH“I“-?’]' np 7R 2 AP o] @b 9l dlolEle A EE A4S fs A4 MEE
& RNAS 2=Z3}dt}.

- Sequencing A2}, 4708 MEE BT 2 He[E|E HEsIAT 2} dio|y BF 28M o4
2] read 42} 2.8G bp ©]4¢] Hlo|E| & FE.5} Q
t}.
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3 15. %5 RNA-seq A7 ANH
Sample ID Total ?EE? bases Total reads GC (%) 020 (%) Q30 (%)
ATCC19638-1 3,938, 842, 642 38, 998, 442 64.08 98.16 94.78
(normal media)
ATCC19638-2 3241, 235, 036 32,091, 436 64.63 98.18 94. 84
(normal media)
ATCC19698-13% 3,606, 004, 818 35,703, 018 62.91 98. 82 96.11
ATCC19698-2% 2863, 624, 548 28, 349, 745 63.09 98. 84 96.18

normal media: mycobacteria A3 #to]] AHIEH O F 2o]= 7HI broth vJZ](Tween 80 u|&7})
% FUIF} TUZ 2242 uiA|(Tween 80 3 7H)
(Ll) 353t RNA-seq Hlo|E 4
- o] Ao A 53 RNA-seq 4] Fto]ZelQlE o] &3t =1LfF RNA-seq HIo|HE
AstodTt (& 16). BowtieE o83t RNA-seq Ulo]|¥| mapping 23}, 47] & BF 92% ©]

1=
RN

A}o] =2 mapping rateE K. 9T} RNA-seq U|©|E]2] read Zo|= 47] ME EF 98 bp=
5 d35}% O paired-end A}o] insert size: o 187-193 bp & FHIE| Tt o]F FA

sto]Z 2}l 8] samtoolsE AHESte] 4 HlolHE Fel W dFstalen g tolE = o

F cufflinks& &-&sto] A& dlo]E|2t H|L

Aol AH&-E gleh

¥ 16. EEF RNA-seq tlo|8] 24 Az An
Properly Average Average
Sample ID Mzzzsg ?ﬁa?s %izzi? paired reads | read length insert size
P (%) (bp) (bp)
ATCC19698°1 | 3 593 409 484 | 35,953,158 92.2 98 189. 4
(normal media)
ATCCL9698 2 | 5 958,973,824 | 29,867,488 93.1 98 193.0
(normal media)
ATCC19698-1% 3,298,004,780 | 35,703,018 94.3 98 189.4
ATCC19698-2x 2,606, 406,628 | 26,595,986 93.8 98 187.0

normal media: mycobacteria 7ol UWEZH O T 2xo|= 7HI broth BJZ](Tween 80 u|3E7})
v U3} U3 A nfx|(Tween 80 3 7})

) FUF 2 EEFY FAAA vl 24
(7} +3=t Hé M3 24 Uy 9 JE
- uiA] 2ol mhE #AxEe] U WHIE HAsH] flE, floA EAE dHolHE
cuffdiffE 8]z EAs}eict vz ¥hHE B4 do]E]e] Fragments Per Kilobase of
transcipt per Million (FPKM)E&E H|Z8&t +X|of log,& %3 3L 7|&oF shdEslc].
A2 wEe] HE whd J[EE s AAE gho] 1 o] dolw up-regulated, -1 ©]std
down-regulated® 3}gicT}.
(Lh) i 240 nE &7 F8= 23 A\
- Cuffdiff& A}-&3lo] DEGE 4] sto] wie} &7 (Tween 80 F 7t 7-7)oll whE EEF2 A=
U o] S ZA43 A, up-regulated FA=t2} down-regulated f+82}e] = Hl=3SISIT
(%! 63, ¥ 17).
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ATCC_different_media

changed media

101

102

ariginal

a3 63. Y XA (Tween 80 FI7H-T)oll &S EEFE FAA WA Apo|

F 17. Tween 80 A7to] whe} walo] W3y 27 §ARY 4

logz 3k (x)
x<-3 -3<x<-2 | -2<xx<-1 1<x<2 2<x<3 3<x
changed media 93 124 448 511 72 21
normal media

- EEFIE 7HR 4,5620 A F 1,269702] RARe] dR o] Rofn|d HRE Heole
Aos selTigith 1,260/ Wk W3t f3x Fol 66574 FHRH nornal
media(Tween 80 1]3E 7)ol A & gFo] wierom 6047§2] - Xl= Tween 80 3 7} mediao]
A uwrglarel wiolth uwo] W SUAEE We ¥Eo| B riajet iy 44
A}Eol 9t} Treen 800] WAPS] 4 o] glo] ShAR o2 ALBE AL AEHe] Ty A2
AEE gl R dEA Q7] uiEel At FEE AxEe] W] FE s

T M
H 7o zithHTt Tween 80 F7F 7ol whE EHFZ Ao|& el o =] H
T+ 9lg Zlog Heltl, 1 2o= MCEQ} PPE Zo| virulence factor?} JI#H [FA2E
= HAE gt

(th) EEF the] 5uF (ON7) /382 dd vl

- CuffdiftE BEstel FUIF WAPK ON7 3} EEF70e] F24 B8 P4L wlastelnt (o
2 64, X 18).

DEG CN7 vs. K10

N7

10
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R 18. EEF oju] FUF(ONT)olA o] Wt §dx A%

log, 2k (x)
x<-3 -3<x<-2 | -2<x<-1 1<x<2 2<x<3 3<x
MAPK_CN7
- 32 83 1170 109 35 15
ATCC19698

- MAPK_CN7 -39} E£&F rlo]oll: 4,21370¢] orthologE Zte o2 FFE|gon o] &
1444708 SA717h B ape] Xo] S Hol ZOT WU QT Wlko] HIE Bel §
HAE F chRiol dom-regulated ¥ 2O FelHgr 1,287 @
down-regulated HZ o H|3l up-regulated H F-HA}= 15970 vho] E|X] o= HA o T FHal

2 eh=

(2h) E£&FF ¥l sUF (JJ1) F8=; dd v
- Cuffdiff& #-&sto] U5 MAPK JJ12} &5 F32 Ud G4ES vlalsiilct (2
2 65, F 19).

DEG Jj1 vs. K10

% 65. EEFOF FUF(II1) e FAA} A ol

% 19. XE2F tju] FUF(ON)IA Aalo] MRt gA% A4

log, Fk (x)
x<-3 -3<x<-2 | -2<xx<-1 1<x<2 2<x<3 I<x
w 29 66 556 111 29 21
ATCC19698

- MAPK_JJ1 @2} EEF Aololi 4,219708] ortholog D ZHe 20T HRIFglon] o F
81271¢] A7} WAL Aol & Mol A= HAHUTh of

(g
A
1
[w}
o
(@)
.
ﬂ
i)
offt
e,

SHA] W o] WEE Hel RAAE F thF2o] down-regulated H Z S E FHIF 2lr}
651 7)12] 2 8§ =2}7} down-regulated H Aol v up-regulated ® SA=}= 1617 gtoj
] = Ao= FelF gt

- 5 FUFE, N7 1, BE fA UE 2ol & 2E
H=pe] e HBo] yp-regulated B.T} down-regulated

o
At AL FAS sty Qe Qho R olofd S Faf o] fo} el uis

N
o
R
Rl
3
o filo
E=3
e
E
[
b
o
rr
Jo
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% 9% ASE S o8 B9 SRS TR A S4% FA9HSE HAT 7 4
2 Aoz st
o}, THP-1 cellof|A] single cell RNA-seq ©]-&3F MAP 7+¢d 7| vEE
5
(1) MAP Z+dof w}E THP-1 cell®] scRNA-seq S FHAEHH EA

- 72X 7 Z¢te] PMA A | & Esf 23Hx] 7] THP-1 cell?] scRNA-seq ZE
2o} 72 Uhrolx =
cell cycleo] uleglr FTEE[ZoH,

Al 2tE ol Tk

Hxlo A

PSR
=

THA|

trajectory =

of uwlz} =3} Arefr} W3 Folztz
infection ¥ control 21&
B ZAhsHA ool

sstalrh

(A)

Standardized Variance

16702 1e+00 1e+02

Average Expression

* Non-variable count: 16848
* Variable count: 2000

clustering &
clusterZ Flsloitt (28 66). F+R3 A8 FTES
Z}2}8] cell cycle phasee] wet & 7§2] Ze{AEE
(2% 66). EI zt ZHAEY fAdx U EAHE o] &35l
A& 388 A} cluster 104 FE| cluster 0 W cluster 4% A|Zto] Z+
o| S|l (pseudotime). Cluster &4 A

2] sequencing ZAI}E integration3t Az} Z}zte] BolZel Z
on, opebxd 2t Fej2Ed 2o Fol nhE DEG 40 43 7}

® Control
® Infection

Standardized Variance

16702 1e+00 1e+02
Average Expression

® G1
e Ga2m
e s

pseudotime
16

0
UMAP 1

1% 66. THP-1 cell?] scRNA-seq clustering 4]

_62_



- 2YAEHE FESIE FL 5382 U8 z}o]lE 2] 2]5te] marker analysisE 5383t Z
2 71 F23F clusterQ! cluster 02 CD142] wW&Ho] tlE Z g Ay H|3| &3,
TDOZ2, MMP9, SPP1 59| f-dx} & 3t &gkct (27 67). CD142] W32 macrophage?]
differentiationo]] wjg} x| 7to] Zrojuta} Z7}s17] w0l cluster 00] PMA A 2]of w}E
73 231¥8 ©hA 2] macrophage cluster® A5t} Cluster 12 PTGS1, RAMP1, CD52,
ACPP Fo] 3=} wdo] thE Ze|&Fof vlsl A Uelslth. Cluster 02} cluster 1&
A vt S o A dE] mi"lo] Nith2 UElytTh Cluster 2+ o]of whe}
cluster 02} 18] Afolof Q= cluster® o|ZE| T}, Cluster 32} 4= cell cycle &
B-A2} whslo] F @ xlo]H O T Fol¥|e 01 cluster 5= DHRS9, PPP1R27, CTSG 52| &
Az} o] EAAolglt}. DHRSIE= regulatory macrophage?] stable markerZ A|QFE] &l
7] w0l monocytic THP-1 cello] PMA A g|o] wlel E3tE ulf Mreg cell typel 2% E3}

" 4 e elFstar
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5 ® 000 Average Expression
2
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ren) 0
t3 000000 1
o
5] °e00 Percent Expressed
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%! 67. Cluster-specific marker gene?] W3 FA]

_63_



- 7ol WE Fo SHxLe Y WS 2 el AE W Lprol 4% A3 classical ly
differentiated macrophage?! cluster 0ojjA]= IL1B, CCL4, CCL3, CCL20 52| cytokine
% chemokine®] W& JF7i7t W At (F 20). g FAAEL] L&
responseZA] neutrophil, T cell, T}= macrophageSS recruit 3= d¥Z ZQ351H,
53] CCL3, CCL4, CCL5 52| chemokine- Th172] Z3}o] 23t J &S dh= chemokine 2

delA glo] 7]Eo] defzl MAP Zhedoll thgt & marker] Th17 #/J3tE 2 AT

l= Wh§-& human macrophaged| M= A& 4= ladt}t. 53] 1L23A2] cluster 00l A

W F7He o8 SIUAY 4 goitt (2 68).

Z7}= innate

o 4

Jm ¥

4

- Cluster 0of|A] 3% cytokine % chemokineS A3} Al7]= L1 27] 93 clusterd
pattern recognition receptor?] W& HFEE H|13F A2} cluster 0ol TIE clustero]
d|sff TLR2&] Wdo| F7lstylon, whetx] TLR2S| W& 7171 MAPO] th&t macrophage?]
Fo Westdel WalE Woslt Ao PRHYT (21 68).

X 20. Top 20 genes with upregulated expression in cluster 0 compared to other

clusters among the infection group

p_value avg_log,FC? | Pct®.cluster_0 | Pct®.other_clusters | p_val_adjusted

iL1B 5.06E-157 | 3.002287 0.986 0.708 9.53E-153
CCL4 6.55E-163 | 2.766326 0.998 0.87 1.23E-158
CCL3 1.84E-155 | 2.766115 0.994 0.909 3.48E-151
CCL20 3.72E-109 | 2.378299 0.903 0.546 7.01E-105
MMP9 1.80E-104 | 2.326808 0.874 0.53 3.39E-100
CXCL3 4.80E-133 | 2.013032 0.832 0.298 9.04E-129
S100A9 1.17E-55 2.005273 0.623 0.255 2.20E-51
CXCL1 2.28E-100 | 2.000854 0.801 0.38 4.30E-96
TDO2 6.53E-117 1.995095 0.886 0.433 1.23E-112
SOD2 4.22E-155 1.905559 1 0.897 7.95E-151
IL8 9.87E-117 1.725436 0.994 0.868 1.86E-112
ATP2B1 4.59E-146 1.673085 0.951 0.57 8.66E-142
SPP1 8.21E-78 1.657379 0.972 0.869 1.55E-73
CCL3L3 5.17E-114 1.626342 0.777 0.263 9.74E-110
CD14 1.99E-117 1.50267 0.757 0.242 3.75E-113
TNFAIP6 3.70E-97 1.488727 0.722 0.245 6.97E-93
SAT1 1.17E-106 1.458414 0.99 0.904 2.20E-102
CTSB 6.74E-109 1.393309 0.998 0.952 1.27E-104
CTSL 4.66E-125 1.385936 0.994 0.864 8.78E-121
FTHA1 2.67E-179 1.368585 1 1 5.03E-175

*Average log2-fold-change;

PProportion of cells expressing that gene
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TLR1 TLR2

6 6
o 3 I 12 2
a 2 g 1.5
< 0 { : < 0 9
Z : R 08 < 10
5.3 T ) 04 DSO-3 : 05
0.0 i 0.0
-6 -6
-5 0 5 -5 0 5
UMAP_1 UMAP_1
TLR4 NOD2
6 61 .
o, 31 b2 N 100 o 34 SR 075
5 Mt 0.75 ;
To{ P os0 £ O : 050
2-3 025 D_34 o 0.25
: 0.00 i 0.00
—61 T T T —61 T T T
-5 0 5 -5 0 5
UMAP_1 UMAP_1
IL23A IL10
6 61
2' 3 - 3 2, 3 15
53] 1 S 3] 05
; 0 0.0
_6_ _6_
-5 0 5 -5 0 5
UMAP_1 UMAP_1

% 68. 9 pattern recognition receptor @ cytokine?] cluster ¥ W3 A v A

Hl oles el g WP ZH Al71E A 439 naEe s
e

(1) In vivo Z2ERHoA 2] MAP 2t X7] mlAEe|7|d 33

(7}) C57BL/6 mpARuWolA 2+ 27| n|AEe| 7| 733

- Mycobacterium avium subsp., paratuberculosis (MAP)2] H A S EA3517] 93)A TloFst
A7 X3y E o] G|t o} A7k 7] MAP ZHY 7ol thyt gt s FHiylEo] ol
2] 2 ABYU. tEe] U 7 7] Tk JptE 93 AP FEREEE Hio
ozt ARY. & AFAL oA E o] &3 MAP A3 A4 SolE F4d 5 AP 24
EolAel ERo] BAE YUY A HIEIO T nfeAS Sust APZARWE T8 slo], 7t
d 7)ol dojub= thabe] WHEhLl HM oA F3AQ FAALESY, AT
shedding 5 ZH SolHQl HIE HAsII SF-HLAA Q] BAE TUHLE HIIY A
e, & TEATE Bl AEI] e SULE AefolA AP 2 7131 S BEFTFOEH
4 QU ek W oy e VIRAEE HEH ¢ US FeE Jud

M. aviumsubsp. paratuberculosisstrain ATCC 19698
[1 % 10°CAU/OL 2] ), oral &£ = Intraperitoneal adminisiration
i
i ow 2w 18W
C57BL/6 09 A H [‘.F' ﬁ

Sampling : blood, liver, spleen, intesline, mesenleric lymph node

a7 69. o2 AE JF AY
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ol
o Rl

rJ
ruZ‘_

- C57BL/6 n}-$-A R o] 25t MAP (1x10° cfu/300ul )& 27} @ 28 E
/ 18F F MES Azste] Feletd Wt 9 §FHA UE W3 S
(IACUC 491 & : SNU-190621-4, IBC 4<2IH3Z : SNUIBC-R190109-1).

}aL 63/ 12
ks

o3

2 N

- 632 Female C57BL/6 u}-gAof MAP (1x10° cfu/300ul)S E7} o - Z

(W) 4E3

- A7]: 65/ 125/18F (week post-infection: wpi)
- A& 2, v, A%, A7 712 Peyer’s patch, ¥
b SolE 5o W wH, AU 53

il
v SobF 5o W ¥, 27| FH, vIHAMEE E2]F cytokine (IL-10, TFN-y

=
o
b BE 2 F 29 ofu 34, A% ¥y B

A7kt 21324 RNA extraction F dual RNA-Seq %133

oz O

Peyer’s patch: RNA extraction & dual RNA-Seq %I
& ol: miRNA extraction
%2t ZRMEoA 2] cfu &3/ acid-fast G4/ cytokine & HFA

(th) AR w2 He|shd E B

S e

- C57BL/6 m}-$-Zof MAP ATCC19698 EFFFE(10°%cfu/ml) B @ 77 HE3lo] 65, 12
T, 18F o] F ¥, 7t v, AU LA Peyer’'s patch, A% 5 X2 & AMEZ 5}
of He|xAd £4& 43stadrt

- AEHS AT SAHRA B3R Ao FRHER vheLcE G 7 A |3 A vF
o & Hlstolon F7HHEE npLoas 5EE WEIE {AER|

6w Spleen 12w spleen 18w spleen
* Kk k
3 T 3 * 3 n.s
T2 T2 T2
£ £ £
e = e == 122 T
& & &
@1 @1 @1
0 0 0
> R > > Q > <
< (éo @ | e O @ | x O o R
) 9 S
Group Group Group
6w liver 12w liver 18w liver
3 3 3
n.s —_nNs n.s
—_— —_— - —_—
£ 2 E 2 E 2 =
e e e
S & S
@1 @® 1 @® 1
0 0 0
{so\ o,;o\ N &,‘o\ o@ < &‘\ & <
< < ¥
Group Group Group

33 70. MAPoll ZFEE mhe-22] Y A ZE w9 2ol A7) H3
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= b
WAPE 57 2 PAREY AUT L thEP uppre 7,

N, £REAE HE Q)
o] MAP Z+¢32] E4JQl granulomatous lesiong H{Estelct 74 18F & F2AEH nf
Sie] 2L Y Wulol A BUIA Yo, BAWEY upere] Zo|
AL 2 F 6%, 127, 187 RRoA Wle] BASIATH A% ol B% W 7
ZAFW 0hpL BTolA BHy WHo| VAHA it}

SR EE npgLolA A AZPE 9 oA e I NS
histopathologic scoringE &3 H Brlstgch o s ZF RFAAMZA HEFE
granuloma®] ¥1=8} 27| 5& 1A A 5THA 72| &3t A3t 513l aL v oM =
white pulp®} red pulp?] %2 A AE 9 macrophages”’} IF3F Ao ule}l 1¢HA

of A 5%HAl 742 M43} S3T). Scoring A A} o= A Zte] Z44F e A&
7 AZEAL e ngoL BANY RAL ol wge A 2E T 1270
A 7 AR WS Holon 6379 18F AETS FTAA Alol= WHEA sttt

(23 71).

Liver Spleen
59 n.s. % . *
e <
o [<}
4 4
® b
(2] (3]
S 3 23
) S
o [<]
£ 2- £ 24
© ©
g g
B 1 B
I I
0- 0-

6wpi 12wpi 18wpi 6wpi 12wpi 18wpi
weeks post infection weeks post infection

% 71. H&E €& %3l histopathologic scoring 23}

- Acid-fast S =3t X2oAe] MAP 2 i
Hulo] Fld ST 7t W v MEol thal acid-fast P& 33 5to] VAP
ol ¥RXE FHstal 1 F=o wE scoringS AAISIATE 2} 22 AEolA —‘jr%”li

al
1072 u 8] B FHlgt F 1 Lo Ex|3l= acid-fast bacteria] +& THAEE
STHAIZIA] =%} 3tgith. Scoring =24 Azt 7F 4 W] Ao BF *17}
ol W= WEEZR oftom, SX A9

of utE 72 ol A& FfA|7e] variationo] Zit}
£ Folth. tiw wlAe] A% Aolme P Z47 AR Fleke ARE nyew 2t
o Ae 2 F 6FolM FFHo2 shE we S wegoprt BEF AT (2 72).
Liver Acid-fast Spleen Acid-fast
57 n.s. 51
n.s.

w
1

Acid-fast score
»

<
3
o 34
-
[ 3 |
s 2]
]
<

-
1

o
o
I

6wpi 12wpi 18wpi 6wpi 12wpi 18wpi
weeks post infection weeks post infection

% 72. Acid-fast @S 3t MAP 7Y A% scoring A3
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E] 2 31 Peyer’s

Fof AP So]He]

°

F&

=

=

of A 7B DNA

- Real-time gPCR

i

Isjolrt. whetd WAPE HAAE

ol

2] ulele|o}7} shedding ¥ Zio]

650l A 2t

ko3
<

ofl A o]

JX-O
)

- ’H

e
o]

ogr
Pl A 2} ol A

=

J

=
7o

IP
36.30
34.05
33.75
28.83
30.97

18wpi

35.12
36.29

36. 77%
N.D

Oral
37.51%

b
1P
27.03
25.22

30.92
26.07

-time PCR Ct3}
37.51

12wpi

ThAl ul gz
3t 1S900 real
Oral
N.D
35. 84
N.D
N.D
35.13

°

L

T

18F0] 4]
1P
34.38
27.35
30.49
24.31
25.31

o] EalstA] ¢irizte A o]

6wpi

=

Oral
33.73
33.30
35.96
37.31

35. 80%

¥

|

o
uhga 23 U WP &S )

&l o]
Tissue
Feces
MLN
patch
Liver
Spleen

=

Peyer’s
N.D: not detected,

3t 21.

&
1
70

wjr

o

g|stalct. o] F &2

1=

RLY

=2

=

}= cytokine?] W&

AHFsto] 12A13F, 244
[¢]

=

of &I
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T3 22 RE vAE &350 splenocyte

H splenocyteo]| MAP2] whole cell lysate

#3sladct. ELISAY]
(TNF-a, IFN-y, IL-10, IL-17).

of A ThA] tf




tnf-a, 6wpi, 12h, lysate

tnf-a, 12wpi, 12h, lysate tnf-a, 18wpi, 12h, lysate
— 150 . kel

% 73. MAPS] ZHlo] wE g

Al 7] splenocyte

2459 cytokine ¥ ZFA (TNF-a)
JIRyel 29 46 F 0Tl 2920l THE Sl U3 o428 e Uel) 3
WSO 2 F 1279 187l RE TolAl Ro15l wd xjolsh B ook
T A3 2421700l ThE A 2 1279 187 BBoH TRHRETO| THE Tof ulsh 7
oo yi2 wWAglS Uehiddct (23 74).

IFNg, 6wpi, 12h, lysate IFNg, 12wpi, 12h, lysate

n.s.

IFNg, 18wpi, 12h, lysate

n.s.

pg/mi
pg/ml

& N & & N &
o°°\( ° o°§ N
IFNg, 6wpi, 24h, lysate IFNg, 12wpi, 24h, lysate
1500 * . -

IFNg, 18wpi, 24h, lysate

1000

pg/mi

pa/ml

500

a7 74. MAPS] Zrdol ulE ZHE A]7]'H splenocyte %459 cytokine Ud FF (IFN-y)

S IL-109] B9 BE F 6Foll thRF ol $4HE % FAUER BTN fHeR
BS Yol BAUYIL AW F 1279 18T E SRATTANT RO B
wagkel KA (23 75).
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IL-10, 6wpi, 12h, lysate

IL-10, 12wpi, 12h, lysate

IL-10, 18wpi, 12h, lysate
1500
1000 _weee
E *x
g2
500
0
< &@ < & < o“é < o"\ < &‘o\ < o"‘}
d [ [
IL-10, 6wpi, 24h, lysate IL-10, 12wpi, 24h, lysate IL-10, 18wpi, 24h, lysate
1500 u

pa/mi
pa/mi
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1000 300
E
400 >
2200
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> Q N > > >

O A & O @ O’
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d 9

< N
(<)

33 75. MAP| Zigie] w

gl

g

A] 7|8 splenocyte %9 cytokine W3 Z# (IL-10)

- IL178] BS 2

e 650} 12F0lH PAAFRolA THE Zol wlsl felHos we U
ol TP oLt AAH R wHarel AA Ushuirt (23 76).

IL-17, 6wpi, 12h, lysate IL-17, 12wpi, 12h, lysate IL-17, 18wpi, 12h, lysate
B N o

- 3 10 s
3 8
4 6
2 5
a 4
2
1 2
/] 0
< N

pg/ml

pg/ml

& <
&

N > N

a & O
ot & o &
o' 00

IL-17, 6wpi, 24h, lysate IL-17, 12wpi, 24h, lysate

IL-17, 18wpi, 24h, lysate
8 —ns. 4 —ns. 3 L L
6 3
2
E
4 E 2
1
2 1
0 - T 0 T
< o@\
o

pg/ml

pg/ml

>
«©
&
()

Y
O
&
()

> Q >
& ® ¥ ®

O 76. MAP2] ZH o m}E 7+ x| 7] splenocyte 4HE 9 cytokine W& ZA (IL-17)
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 Felskaid, i) FEITAME HeldAA Bt A 2 wFol A VAP o] 533
Ql Wl granulomaZt FEE o 2 F 18F71A] W] A&H= 5 S Rl

o
Jeu Foq AN A9 2E F 65 7hE 1INy 28 F7bt BAE o o
Tl el Atol7h ggom TNF-agh IL-109] % A%H o8 thzzo] usf &
© uee BArt o B3l Fay WG] Alzie] Aol WekA L g Ha
starh

i) PAREZOINE B B A 23 wlHel s SHH FHol Hsl BY
97 dgrom # F 6FolH PR T3l vl H L 4o Fol BTl g BAY
4 qlglth metd 74 BU A RAHOE WHS REY 4 9 HAstAT
Jeu, WeNrge] A% 2 F 677 TNF-a%h IL-10014 thzZol ulsh 30
2 BS WP BT o]k BAHFINGE FARY AFolgirt

(5}) VAP Zhdoll whE mbse] RAA WD B

3]
N
n

ATCC19698S 247} 57 Wl T3 = 3
HZHFE total RNAE F&3lo] RNA-seq

%
Zhatgl = T2 A& sttt
- Illumina TruSeq RNA sample prep kitZ A}&3}o] libraryZ} ARE AT A|HALS
I1lumina NovaSeq 60002 ©]-&35}o paired-end FEelZE +3ix| i}

- DEG BAE CuffdiffE o] g3te] EME gt}

- Canonical pathway #2412 IPA tool S ©o]|&3%}o] EAE AT},

D DEG &4 Az}
- DEG 42 ZtZ} tf 27 thd] A Fe] §-32F Uy xlo] & fold-change”} 2.0 o]Afo] 5L
p-valueZ} 0.05 njgtel AL T BAsIYct (O8] 77, 78).

A) B)

Volcano plot

Volcano plot
genes for DEGO01

genes for DEG002

60 25

enswuscdoonoazsss. ARG D0000aseTs.

20

EnsuuscInorzan

40

15

~Logy P
-Logy P

10
20

oo

5 0 ‘ 5 B 0 5 10 15
Log, fold change Log, fold change

Total = 55471 variables

8 77. MAP 4Y 6F F ZZItEl = Mol el DEGOll ti$t volcano plot £4.
) SYFSE. B) FUHSE

Total = 55471 variables

>
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A) B)

Volcano plot
genes for DEG003 Volcano plot
genes for DEG004

40

Ensmusconoooanzss

15

-Logyo P

20

0 B
Logs fold change Log; fold change

Total = 55471 variables Total = 55471 variables

a3l 78. MAP &4 63 ¥ v|ZolA 2] DEGOl|l tHEt volcano plot &4.
A) 24XHET. B) 7LEED

DG B 3 67H HAUTL BUuRAlAL UED chul 1357120 A U
o] F7AH9 1725708 FAA Ydol paAHUTh THHFR FEYZ Aol
162708] SAx} WHlo] SO 119748] A} welo] Pasieic

- 672 SR T LY vl = thR2T thy] 494708 FRAL w¥ o] F7hE QAL 103742

Az o] HAFAT FAHES LY vl A= 29708 FH= wHo] FAE AR
6971 2] FdAt o] ZAE AT

@ GO0 A ZAz}

- ZF gl Lde] Mgt fAXEY] 75 & FE #l%H gene ontoloy (GO) & o] 438

ot zZ+ 2538 DEGoOA] enrichment®™ GO termo] biological process, cellular
component, molecular function®] A 7}x] &0 &3] Ae|E ATt (F 22).

3 22. Zt 25 GO enrichment &4

Biological Cellular Molecular
No. 2w DEG 4= _

process component function
604/11.987 74/1.697 184/3.993

1 6w-1P-MLN 2,460 (5.039) (4.361) (4.608)
355/11. 987 59/1. 607 148/3.993

2 6w-Oral-MLN 581 (2.962) (3.477) (3.706)
457/11.987 46/1.697 142/3.993

3 6w-1P-Spleen 597 (3.812) (2.711) (3.556)
161/11.987 25/1. 697 35/3.993

4 | 6w-Oral-Spleen 98 (1.343) (1.473) (0.877)
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- Biological process (BP)®] term& =43t 2 SAETe] FE T o=

pvalueo] wheh BP terng YT A3 F2 W3} VAH ternBol napping® 2T}
(F 23). 633 TAYEZE FUUUZ AN E RN E A8 AT tern
o] % mapping E oL} FEETE B 22 cholesterol efflux #¥ termo| mappingX
oitl= Aot} (3 24). CholesterolS pathogenic mycobacteria®] intracellular
survivalo] H2Ql BlAog e Q17| wjiel | #HAEe] S A =
Msto] MG 73S 9 staat gl

3 23. MAP ¥ 6%} B AT A7 4 9] top 10 GO term(biological process)

ID Term # Genes —log;O(p z-score
G0:0030593 | neutrophil chemotaxis 69 31.451 3.873
G0:0009617 | response to bacterium 143 25.621 -0. 961
GO: 0006955 | immune response 147 20. 757 4.086
oo.ooptous arefsicrobiel Mol femre response | o | g m | 1sog
G0: 0006635 | fatty acid beta-oxidation 41 16.196 -3.795
G0:0006954 | inflammatory response 287 14.735 3.9
G0:0050873 | brown fat cell differentiation 33 14.418 -2.611
G0:0070098 | chemokine-mediated signaling pathway 46 14.15 2.53
GO:0006911 | phagocytosis, engul fment 28 13.89 1.89
GO: 0050728 ?gizgézg regulation of inflammatory 93 13837 0. 422

M 24, MAP ¥ 652} LA A7 - 9] top 10 GO term(biological process)

1D Term # Genes —log;O(p z-score

G0:0051673 | membrane disruption in other organism 11 21.528 2.53
G0:0050829 | defense —response to - Gramnegative| g3 17.849 | 1.236
oorooptsas | griiricrobiol tumrel e resonse | g0 | g | 1sn
G0:0002227 | innate immune response in mucosa 29 15. 645 1.512
G0:0019731 | antibacterial humoral response 33 14.825 1.616
G0:0033344 | cholesterol efflux 24 13. 649 3.266
G0:0072378 | blood coagulation, fibrin clot formation 5 12.783 0.447
G0: 0050892 | intestinal absorption 16 12.699 1.5

G0:0032532 | regulation of microvillus length 6 11.666 2.449
G0:0009617 | response to bacterium 143 11.532 2.366
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- 7 67 BERHEY v oAM= GI3NkSH #
mapping® 3L LI A] top 102] term EZF HFRE-S-}
& 652 FHHEFTLL v A= Al
DEG #FA| 7} A 2] FolE|#] ¢ket7] wjEo 2
2 Ao} Bl Ao7 o] 71l

A termo] 1% fel4o] &A

il
HAH termsol 3Tt (3 25).
p-valueZ} A&E A =d] 2 o]fF

(3 26). Mapping ®© GO termE% tf

dr oo ey

deod Jo= AtgHrh

M 25. MAP ¥ 6%} B7+ A £ "] A2 top 10 GO term(biological process)

1D Term # Genes —log;O(p z-score
G0:0006954 | inflammatory response 287 39. 657 5.02
GO:0009617 | response to bacterium 143 39. 645 2.708
G0:0030593 | neutrophil chemotaxis 69 35.299 2.734
G0:0042742 | defense response to bacterium 116 28. 054 1.86
G0:0071222 | cellular response to lipopolysaccharide 158 25.795 2.927
GO:0006955 | immune response 147 23.612 3.455
G0:0035458 | cellular response to interferon-beta 30 21.979 2.268
GO:0045087 | innate immune response 301 21.714 2.36
G0:0070098 | chemokine-mediated signaling pathway 46 20. 429 1.897
G0:0071346 | cellular response to interferon-gamma 91 20.176 1.919

M 26. MAP ¥ 6%} L73A £ v A2 top 10 GO term(biological process)

-logl0
ID Term # Genes g) (p Z-score

G0:0009617 | response to bacterium 143 18. 802 -2.437
G0: 0030595 | leukocyte chemotaxis 28 9.855 -1.961

. cell differentiation involved in
GO: 0060706 embryonic placenta development 6 8.945 -0.816
G0:0070098 | chemokine-mediated signaling pathway 46 8.408 -1.718
G0:0045471 | response to ethanol 107 8.249 -0.923
G0: 0030593 | neutrophil chemotaxis 69 7.107 -2.324
G0:0010243 | response to organonitrogen compound 17 6.932 -2.668
G0:0071347 | cellular response to interleukin-1 82 6.449 -0. 459

. negative regulation of myeloid cell
G0: 0045638 differentiation 25 6.097 0.0

. positive regulation of collagen _
G0:0010714 metabolic process 1 6.024 1.0
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&)

Canonical pathway #41& =3t molecular mechanism -3

Canonical pathway &4 2zt 158 tizd oiv] AP /A UF Aol&
fold-change7} 2.0 ©]4fo]il p-valueZ} 0.05 m|giel AT FAst4Tt ojuf A&
ge BE Aot HE (T, BPuUTA)o] me WPUYZY(B7 AR vs T2
BE), MIEY B2 vs 77 BE), 54 B2 =4 vs vH)’ 9 37| 2F

o2 vHealeh

- olulf Zkzte] 1-Fulth p-valueZt 0.05 ©]3tQl F-2] &2l pathway FollA HYRE-S Q lipid

metabolism?} HAF o] FF LT HAJIH pathwayE 27| ¢l8f vl E4& 43335143,
IPA tool& o|&3}o] AFe] 50708] canonical pathwayES A &Eslgit}, E3F AFe] 5071¢]
canonical pathway?] z-scoreE H|Z¥SZH 3| pathway?] up-regulate,

down-regulate level?] x}o]& EA1s5}9it}.

- Canonical pathway Ad Az}, A 21§ BEF ZTE5H 0T HIUEE A& pathwayql ‘TREMIL

signaling’ (1% 79, 80)2} ‘Production of Nitric Oxide and Reactive Oxygen Species
in Macrophages’ (12! 81, 82)7} wAE gt 3w pathway?] up-regulationS E-3j MAP
o] HFol uwE host cell(macrophage)?] 2% IFN-y, TNF-a, IL-18 &

g B
pro-inflammatory cytokine &H]2] Z7}& WX ZSE o 5 gt}

-
= Tl

3% 79. MAP 24 6F F gawgmAe] ¥7 22 4F A

‘TREM1 signaling’ pathway
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O

g 81. MAP Z+E 6 F

B o] B A2 A% A
‘Production of Nitric Oxide and Reactive Oxygen Species in Macrophages’ pathway

S 82, MAP 2l 6F ¥ ulRe] ¥7 A FE Al
‘Production

of Nitric Oxide and Reactive Oxygen Species in Macrophages’ pathway

- Lipid metabolismZ} &3} canonical pathway AE ZAUZT = A 1§ BEF ZTEZFSFE
‘LXR/RXR Acivation’ (13! 83), ‘Oxidative Phosphorylation’ (13! 84), ‘Fatty Acid 3
-oxidation I’ (& 85)o] wWZE ot} 3% pathway?] down-regulationS MAPZ} ATPS

SR B3 =E ‘B-oxidation -> TCA cycle -> Oxidative phosphorylation’ =A& &
s ATP B B E HAEAA, ATP AFR-E He= ZIoE AAZHHrY
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a3 83. MAP 1) 65 T Al Ae] HF FE HF A
‘LXR/RXR Acivation’ pathway

Oxidative Phosphorylation
Cytoplasm
embrene Intermermbrane
Space
() He

- T

(=] %5
/

N , 5
N P =

it N f o — :x\
sy

\.

[a |
A i -~ r&i

'FO compleg

——— ) —
Malix 7 <
7 & 4
I e
/ — P Complex V'
_J FéD»&—lQiD) 5
a2 R
o) The
O L
sutcinate——>——funarate

©2000:2021 QUGEN. Al gt eserved

a3 84, MAP g 65 T F7tutglxzde] B} HAE JF Al
‘Oxidative Phosphorylation’ pathway

Fatty Acid B-oxidation |
(@)
2.3 4-shturated
O
redlced
ransfer
- protein
- Oxidoreductase acting G he CH-CH group of donas with flavin as acceplor
-7 / )
oxidized O
fatty acy([n-2) Cor electron-transfer trans-2-ehoy-CoA cis-3-enoyh-CoA
flavoprotein ‘dodecenoyl-CoA D-isomerase

t§ acetyl-CoA H20

acetyl-CoA C-acyltransferase enoyl-CoA hydratase
C

coenzyme A
(@]
-

& ¢ o
3-oxoacyl-CoA [k -hydi 1-CoA - (3R)-3-hy oA
3-hydrogyacyl-CoA dehydragenase Y hydroxybutyryl-CoA epimerase

)
NADH H+

QGEN.

3% 85. MAP 2 65 F Ftgl=de] B} AR FHF A
‘Fatty Acid B-oxidation I’ pathway
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- Canonical pathway w4 Zz}, W2} # 672 AU ZA(E7 A2 vs
2y AR) 2F] ¥ E B8l 57 FEE MAPE HE3E ulet pathway?] up-regulation
o] WtASIALL 7t ZHZE e} v 23S ull up-regulation levelo] ¢ &Qtom, o]o u}E
host cell U] pro-inflammatory cytokine®] Z7}7} ¢ =Qit}. v|AHEL HA=E vs 17
B2)Y BA¥E 4 ZAEE WPE HIFES wint HYNEE HH  pathwayd]
up-regulationo| WAASIALL L7+ Z Zof H|3)] up-regulation levelo] ¢ =it} wlafia]
B A v | 54 AR 7 BEY v|AE B3 54 FEE MWPE HEH
= of AR} A|H pathway?d] levelo] O F7HIS& & 4 Slth

- YA F OFe v E HiEeR B AR(FUUZAE vs H[A) IFS B4 uf,
Fatglzde] Hewks  H# pathwaysb w[Ze] HYERES H#¥ pathwayX.rh
3!, =

| S
HzHow Azimelxyy B A

up-regulation levelo] ¥ &9 5

[<] e —
HEUE ol AYRt3ol ° =4 UeluSS ¢ & ot

[

- Lipid metabolism®} &3}t canonical pathway 24 ZAZE = Azhutelzyd ujzke] &7
AZ2 vs 17 AR 25 vH|ZUE uf] EF E7 ZFEZ MAP AZ A] down-regulation

4gARS W FPUATIE BY ARE B MPE FFUL w pathvay?]

£ 07 MINt2-2} lipid metabolism & canonical pathway 2% 37+ 7
7y AZOA o &2 up-regulation % down-regulation levelo] H&E| O
7Ite s Bt A2 HE A AT EA v S v 2SS o FE A o

& up-regulation % down-regulation levelo] & E QIT}.

- 9 4L 7IMEe R MAPS} host cell®] M2 RS FA3IXE uf, MAPY HFof wE
host cell(macrophage)®] 7932 IFN-y, TNF-a, IL-1 % pro-inflammatory cytokine?]
secretion®] F71& WAAIF|AL, AP (hypoglycaemia)S U 4 1o, o]= host
cell U glucose 7}84& Z+AAXA|FH MAPZ} cholesterol & tha] oURx|H o T HE351A &
T A 3¢S & 4 o). 223l o]= cell?] metabolic profiled WEA|A MAPZ} oY
2|42 Z glucose thAl cholesterol & ©]|£3}l= ‘Energy Switch’ 7} o1} host immune
systemS 3| 3] & 4 QA Hcl (23 86). =] MAP= cholesterol & EtA$% =(carbon
source) & & o]-&3}o] ATPE ABA3taL, UX|E EA Hrt o]E ¢l38] MAPZL host cell
ol oA AFE-& 9]3l cholesterol $3& XI33tA =™ host cell & AAE fF-of
cholesterolo] Y& wriil QlAl5to] negative feedback 2F89F cholesterol
transport, cholesterol efflux 5& %3l cholesterol & 5= Rt} IE3F MAPZ}
cholesterol & E3| ATPE AIASIA] ESIEF B-oxidation -> TCA cycle -> Oxidative
phosphorylationg =3t ATP AAA 2} S down-regulation A]#, ATP A}&& W= o=
gz,

_78_



Infected
Macrophage

% Lipid
{o accumulatiol

Mycobacteria

.

Uninfected

Macrophage

Normal IL-1 & I dIL-1 and
TNF-a secretion Cellular TNF-a secretion
I energy
Normal glucose availability metabolism Potent hypoglycaemic agents
‘ Glucose availability, cells start
Cells continue to use using readily available lipids
readily available glucose Preferred fuel \
source Lipids “Energy switch”

|
* Basis for macrophage

(fats)

polarisation?

- =3
=
Immune
privileged cell

) mHc, coso,
CD86

Immune
sensitive cell

1 mHc, coso,
CD86

Readily recognised Evades the host’s
by host’s immune immune
mechanism mechanism

13! 86. Mycobacteria?] energy switch Z}8& %3t
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) A Rl S AT Tolzelel 75
Mycobacterium avioum subsp. paratubersculosis(MAP)2] Z X} %Fe](transcriptional
unit) HZFE&  fl3iA= MAPS] RNAE  EAM3fof ¥Th  RNA-seqE Tl HARA
(transcriptome) & E4317] #J3llA= o8 ZEIRWE AHEs|of staL FAloll FERE A
Zto]l 48 FT) o]E ¢I3l one-click® 2 ZF ©hAIZL £x1F o2 Hol7hH A Sxjof ofg
& BAY 4 ok A5 volmelelg TSI FolZell FEE Y 2o
ZX= ‘bowtie’, ‘samtools’, ‘cufflinks’ 7} &&=t}
- 253} 24 so| el &
F-&3H 3lo]ZgleloA] WA A} tiA=, Eg] 2 sequencingS =3 EE3F RNA
sequence’} MAP?] reference genomeof|A] ojtr]o] ¢|x|3t=%] dolf= Zolt}. s 2
< ‘mapping’©|2} &Ee|® ‘bowtie’ Z2IHE Fai XBHTE Siw AL A==
Sequence Alignment MAP(SAM) ¥}l
wajo] WRHTH
‘samtools’ BF T2 1ML o|SAXH sam IL S CIE = U= T2 o}, s T2
S o] &5t sam T}LYE ‘ban’ TLE HEAZL 4 2rh bam UL 0/1 E FHH
binary TlUE ZHAFE 7} K 2o 28
¥ 4 goh
‘cufflinks’ = Tpo|Zeple] npx|2} ThAlof] AlEE= Z2IPOT 9] ThAoA B4H
bam T} & T3, Z base pair(bp) H WS gff FA1o] FAJs] Frl. 3id L2 o]
T ZA A 23 A|ZpeE ZQ1 ‘MetaScope’ o] &34 FAxte] WHE MY 4
3t cufflinks o] 9= ClE HaEol: ‘cuffdiff = AZE tE AMEQ b Q
AX FAE ol WA zo] & HAY + olrh

P ss
=4

=L
=4

=
o

o
o
A
et
4>
4
o
H
2
4
:IOL_'I
ofl
-,
s
o .
2
ofo
ol
o
2
i)
flo

fhowt ie
sam_file = rna_seqg_folder + ent /s 0" N sample _name
unaligned = fastg dir # “umalig " % am:lle name
bowtie_comsand = “bowtie -X :1-- nl 4 3% 5s” W (
indesed_file, fastq_ left Fl-,tu Ihh! sa8_ Hl o i *lig ed:l
print bowtie_command,
start_tine = tine.timef)
| Showt fe_command
;rin{ " bowtie time consume = ", time_consume(start_time), "\n"

Fciul Flinks
cuf flinks _out = rna_seq_folder + WIPLInks /Cur Ly N ‘p.l,[r nane
#samtool cuf FLinks_command = “%s --11b type fr-firststrand | N (
uns urud aan file = sam_ fﬂe reulau[ o T.umsorted. bam™) cufflinks ;rr r1lr \mrrﬂ ban fllr rqulnh out)
santools_command = mto 2 -0 %" N (zam_file, unsorted_bas_file) PRIAL cufflinks_ command, |
print sastools cuwand n start_time = tine tine()
sL'|rI' tine = time.time() Vhcuf fhinks_command

{santools_command print 1" el fiinks tim 1N L time consumel(start time)
ﬂrml 1" samtoals time consums = 7, time_consume{start_time), "\n

feamtools_sort gft fl'nr = rna_seq FDLﬂfl [ 14 LET plf nane
sorted_bam_file = unsorted_bam HLe replace(™ unsorted”, "") makeglf _c JMJI‘| s | parat W | A LN
santools_sort_command = "samtools sort %3 -0 %5 N (unsorted_bam_file, sorted.bam_file) 'Hk"tl" thromasone_sike, sorted bam file, gff file)
print nntums sort Lumand n PrIAt makeglf_comsand
start_tise = tise.time() start time = tise. tine()
isamtools_sort_command makegff cmﬂlld
as rewvcl‘unsurtcu ban_ I1Lc] Nllﬂ 1" make_gff tine consum . time_consuse(start_time)
print “\n" samtoc t time consume . time_comsume(start_tise), "\n”

T3 87. RNA-seq ¥4 o] etel Wl A

L

- s B4 smloj=ell &4 2
RNA-seq £4] Tlo]ZejlE AMESHAl =W 4 THAEE 5708 Srjo mtdEo] AAH
tl. ‘reference’ EUoll= X7] Ao X}2H reference?] genomeo] *AEojgl o,
‘alignment’ ZT|to]l mapping ZZ}t T} samtools®] Z} mAEFo] A AE |
‘cufflinks’ &} ‘cuffdiff’ Edole 212} s WPl & 3 A2} ztdo] Foldlon,
gff Brlolt gt WAOT B Wears Welyk njelGo] Sojglrt
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(2) VAP &] RNA BE &1 g 2
_ -n-z‘]Z]- lﬂgﬁﬂek H]—’-‘—-E T]JRNA OE—- 3—}_‘51_.

=
5
le)
o,
[0]
Q
[0]
=)
@)
]
[0]
(5]
0]
Ne)
c
[0]
o)
@]
[u—es
S
C’,‘-’L
=
Q
n
X
Q)
5
o]
S
(o))
&
i
@)
=)
i)
o,
o
offt
ol
=
r M
flo
mlm oX

=
Hal %}71 s15i 0431 4% g Auez %}ai%. 7} RA-seq & B4

HojlAM dAl2 WaE=

’;‘%71 fsiA = —‘:r 7}11

it
2]

- B TS EFF(ATCC19698), B-type 2|3 (MAPK_JJ1/13) @ C-type ZujE a3

(MAPK CN7/15)2] 3¢, x| &3 EAS ¢8| ATCC19698 ZH-E] RNA-seq 4] o]

2
0

Foln yumz] Fu R FEo thet B4 o ¥ . tieh, MAPe] “e|A ztehls 54(6-8
5,‘— A2Q) 2 FAL MEYH wFof(acid-fast) integrity’} & RNAZ E2[5l= d] o ¢
20| 9o, ¥ mechanical disruption Z7Z %] A3} % RNA extraction kit &/, MAP
el HAEE AL 28 £4 & T3 RNA extraction A&E wols AL

(1) £ 29 BB S8 FUuAERE 24
- FE53 24 mlo|=Zelele &3 AnAELE Y
475 v 2, 3he-of FaoA ZH10mbe, F 20uiz]e] EHolM nAE MES
Bl BUn|BEFZS &Astr] 218 F At sequencing «lil‘}"“t}
X 27. BUn|BELE 24 Ui JiA FR
No. | AAMME | &% | Growp | WYY | HIEWY | x| uwlm | AsEw
1 K8 e [ A 2014-02-22 | 2019-07-01 4
2 K10 ke [ 4 2014-04-02 | 2018-06-12 3
3 K15 ke [ 4 2016-03-20 | 2018-03-14
4 K19 ke [ 4 2016-02-09 Elaskilchy
5 K25 i A 2016-02-25 2018-07-08 1 AzH(FHA w3t
6 K28 ke [ 4 2016-03-20 ALE)
7 K29 ke [ A 2016-03-20 | 2018-10-29 1 ol
8 K31 ke [ a 2016-09-25 | 2019-02-23 1
9 K33 ke [ 4 2017-02-25
10 K34 ke [ A 2017-03-08
11 23 Ax | B 2012-08-27 | 2019-03-21 4
12 38 Ax | B 2014-04-21 | 2018-11-14 2
13 81 x| B 2015-02-04 | 2019-06-21 3
14 123 x| B 2014-07-30 | 2019-03-30 3 -
15 157 x| B 2015-04-25 | 2019-03-30 2 A RALE)
16 196 x| B 2015-08-06 | 2019-06-19 2 ="
17 198 A | B 2015-09-10 | 2018-08-16 1| aaz | TMReAH
18 226 x| B 2016-02-12 | 2018-10-28 1
19 228 Ax | B 2016-03-18 | 2018-04-07 1 | aaz
20 229 Ax | B 2016-03-24 | 2018-10-23 1 | aaz
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20708] fastq T}L 2] 020/030 H]| &S HAAH O T 9242} 84%% 2 HTE PSS ;I £+
olalth, 2 Qo] MEE2] HFAQ reads ++= 277,8007), GC contents+ 52% Z Ak
2= 2

TE5 =4 o] Z2Rl2 o] &3t sequencing F|ARE Sl @2 fastq IUES A4 5H3
Tl 20708] fastq TILESS 248 A2} & 415,971 7] A o] Elx|gl o, 1,893712] 0OTU

=
7} Aelxleict 0TU & 7H W 2 39,9187 o 0TUES] H+ I+ 2197] &th
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¥ 7748 F IBOE el BUNAETE Aols} ALAE B
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g 90, Z 152 a-diverstiy 4], Red: ¥h9-, Blue: #

S B-diversity £4& S vl E 2 #AHE £4%F A2 2F5EE [Fonl’t 7}
Blag| 2 UrolA A= ket (27 9

PCod - PC1 ws PC2 PCoA - PC3 ws PC2 PCoA - PC1 vs PC3
oG z LT o0g :
oo L % oog - oos - -
. H . g
3 2
4 g
o . a5 ™ § oon L} i ooz
g 5
. 5 -l ® S -
H . 8 . 8
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] - i
. " - A - -
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-2 8 -gaz 8 -oaz
. o F - " 2 .
. 3 * -
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010 D5 500 aes e oo ooz 000 (T3] noa [T 010 T 000 ook
PCI - Percent vanation explamed 31 12% PC3 - Percent vanation explamed 14 B7% PCI - Percent vanation explemes 3112%

g 91, Welghted unifrac-PCoA —‘zr'-l‘:l;_. =3t 15 pB-diversity 4.
Red: %+, Blue: 4. A) PCl vs PC2, B) PC3 vs PC2, C) PCl vs PC3.
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- Taxonomic assignment:
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%! 92. Phylum levelo] A 2] taxonomic 1% 93. Family levelo] A 2] taxonomic

assignment . assignment .

Phylum levelZ} family level Z}zZtollA] OTUS2] taxonomyS w=A135}e] taxonse] H|SS
2802 Ueh A TH 2§l 92, 93). Phylum leveld A= gH9-9F B4 Zho] fo] 2ol v&
zpo] & #eld 4 ¢J g oL} family level oAl PrevotellaceaeZ} R AoA {AHo=T
S HES AR5k ols 2E HAd 4 AUdrH ¥ 94). Prevotellaceaes A28
sfet o] e [ AETHLRE AR W Z2AF H[E&o] B2 FaolA TRET 52

& 7= ZoE F5Y 4 AUt AEZFOE 9} FA 2o wol He A
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_VJ,
ko
i
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—o
1o
o
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H
o,
M
4
o
Ar
&

S
(1) "‘LHHI*“%-E% =4 93 2 AME 1
- 2y Zhgdo] Hold BERozHE Y wiAE AHEL] WS FEsiTh (£ 28). 7
A A= ELISA ZHARR} fecal PCR EFoll A ¥ dQl 7§A(Group 1), ELISAZ AR AL oF
/31 ZHA (Group 2), fecal PCROJARE &F2d Q1 ZHA|(Group 3), &8 ZHAloILE &=f 2 Atoll
Me 582 HAH A (Group 4) 5 4714 2FL2 o] F 167] AZol thgt 168
rRNA A HA) & 8t

(2) 16S rRNA A]H
- 5 1671 2 Sl iy AHgo] FRESTE (£ 29).

o’L
Ae
1
iy,
i)

3 28. AU BEAE LA AHEE A& fAE
= | 70A - X T ZHF | IS IS | S/P
= HSE Sk Sy ok Oﬂg 900 | Map02 | ratio Culture ul
134 | 2011-09-22 | 4 | 2019-10-31 | 2§ | 21.67 | 22.71 | 57.5 + oawy
188 | 2014-03-04 | 4 | 2019-10-19 | =& | 28.18 [ 29.73 | 175.9 |  + s
1
202 | 2015-01-27 | 3 | 2019-09-10 | 2§ | 33.53 | 35.29 | 93.4 +
167 | 2013-05-24 | 3 | 2019-02-04 | F{ | - - | 76.4 -
2019114
10 | 2013-06-05 - - | 115.4 - fecal PCR
oobkél
11 | 2013-04-11 - - | 148.5 -
2
(<]
17 | 2015-01-27 O T X 1 R e
97 | 2011-08-05 | 5 | 2018-07-20 | 7 | 35.63 | 36.88 | 1.2 +
224 | 2014-09-09 | 2 | 2018-07-20 | A | 34.47 | 35.26 | 2.4 (+)
3
237 | 2016-03-12 | 1 | 2018-05-06 | 71+ | 34.3 | 36.81 | 3.4 (+)




82 2011-05-07 2019-11-14 | 2 | 31.38 | 32.84 0.1 (+)
High
shedder
13 2014-03-04 - - 2.7 - o ou
=73
ELISA
9 2013-05-24 - - 40.6 - gelal
ot 24
20 dof
181 | 2013-04-11 2019-01-30 | 2H - - 20.0 - ELISA
F7HEA
4
199 PCR,
168 | 2013-06-05 2018-10-17 | 23 | 39.35 | 35.62 7.6 (+) 20
ELISA
52 2017-03-08 45.8 - doubt
X 29, 167] 1 AMEZ2] 16S rRNA A|HA A3}
Total
Sample Name Read Count N (%) GC (%) 020 (%) Q30 (%)
Bases
134 23,620, 659 52,524 0 52.19 97.89 92.45
188 25,971,044 57,798 0 52.66 97.67 91.91
202 29,344,777 65,152 0 52.28 97.67 91.85
167 18, 968, 052 42,244 0 52.73 97.55 91.57
010 25,610, 806 57, 564 0 53.48 97.73 92.07
011 29,211, 806 65,169 0 52.69 97.73 92.04
017 25,166,155 56, 062 0 52.61 97.8 92.24
097 22,710,796 50, 547 0 52.47 97.73 92.01
224 30,732,915 68, 347 0 52.31 97.65 91.84
237 25,781, 327 57,404 0 52.33 97.48 91.54
082 20, 805, 511 46, 205 0 52.33 97.78 92.17
168 25,530,038 56, 820 0 52.83 97.79 92.17
013 27,765,433 61,900 0 52.62 97.63 91.86
009 26,690, 661 59, 481 0 53. 06 97.75 92.05
181 29,694, 522 66, 081 0 53.04 97.66 91.97
052 19, 883, 565 44,279 0 52. 46 97.71 91.89
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~OTU 24 A3 % 163,330748] A&e] FUAHLSH de novo AT S5} % OTUE 77870

2 A= eltt. HE 0TU counts+ 3367§ATh (23 95).

count

134 188 202 167 010 011 017 097 224 237 082 168 013 009 181 052
sample name

agl 95, FnPE+F 2] 0TU counts

- 38 a-diverstiy 24 23 1Fol T2 RJuld thopgel Aol HAY 4 glgle

PCROJI A TE o2l 7HAl, = glet dxle 24 7iA, & BEFolA &8 A

= =2
© ZF richness?] Z}o]|& Rt 1& 96).

abserved otus: Group chaol: Group

5
g

3

Rarefaction Measure: chaol
2
3

Rarefaction Measure observed_otus

"
1=}
=

a
'] 2000 4000 6000 8000 10000 o 2000 4000 6000 8000 10000

Sequences Per Sample Sequences Per Sample
% 96, ZF 15 2] q-diverstiy w4). Red: Group 1, Blue: Group 2, Orange: Group
3, Green: Group 4. A) Observed OTUs, B) chaol index.

i
o

- 35E B-diversity &4 B3ttt LAY A S &4
FHI e E ol XX = bt O’ 97).
A) B)

PCoA . PCL vs PC2 dis PCok - PC3 vs P2

PCoA - PCL vs PC3

Az 198E feAuY

a5 03

explansd 14 44%
.
explared 8 67%

(S ———
.
B2~ Barswnt waristion expiried 14 46%
&
3 - Parcent vasintion

on .
07 0w 015 410 -0p5 000 005 030
PC1 - Percent yaniation explained 36.03%

3

iz T DR ST T T o i -1
Bt T L T 0 L . 008 008 <008 0p2 O T 004 owr aoe
PC1 - Bercent vanstion s4planed 56.63%

PC3- Percent variation sxpiainen § 874

s

3 97, Weighted unifrac-PCoA 4] T3t 15 B-diversity w4). Red: Group 1, Blue:

Group 2, Orange: Group 3, Green: Group 4. A) PC1 vs PC2, B) PC3 vs PC2, C) PCl vs PC3.
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- Taxonomic assignment:

Group 1 Group 2 Group 3 Group 4 Group 1 Group 2 Group 3 Group 4

11 | | | | |
!IE._E.';HI-I--

“gs=gagas
i

.!i=g— -_ .
i 8 8 & 8 8 B B 5 B 8 8 & 8 & 4§

%! 98. Phylum levelof A 2] taxonomic 2! 99 Genus levelof A 2] taxonomic

assignment assignment
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- [ | I N
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188
2z
23

[.1 NN
| 0 0 Ny S

- Phylum level Z} genus level ZtZtol A OTUE Q] taxonomyS wA3teicH 23 89, 90). 10
H AMEL] A% a-diversity w4 oA Y2 2] 0TUEe| AEE =4 phylum level o A
taxonomic assignment ZZ} Firmicutes®] H|&o] TIE M Zof H|sjA FJHLOZE &2 H|
28 AU} ot B 1F THE RESAY waol A Y BT SPo= 1}

ERL ol 2 of¥Sbe uglel AU ABE S JBE FE T AT 9
S U Zo T ik}, o] f]of Actinobacteria®] H[&o| HriH SR & MEo] Ex)
3T}, Acitnobacteria® &¢l H 0TUE £ W& £ genus levelox] ERIFES uj
Bifidobacterium® Z ZQIE|ct. Fr7lde EAZA Eao] HQR37 s H&
Bifidobacterium®] H]&E& fecal shedding ZJAH|E.C} ELISA ok} 3= A SollA]
A& o2 =A LElYTH(Fecal shedding 7j&= 168HE A &3l 2T 0,049 0
ELISA of/do] ALt ELISAo] ol Attrt &8 02 vl A& oA 0.0% o] 4l 7iA
ol tie JEEAT.

=7

I
}\'J

2 1% o M Ho o
2

2 droli = B U £F sto]ZerlE 753514 o] & o] EstA u]Z:‘fn‘T‘-?’l' s

T+E G hetE FEstddct oY 4xF dRo = IR F
2l % HIolBl & /g3t &4 %%G}S'J} st
ojujgt A £E U=st7] 28 MAP Zhedoll RIZUSHA Wtgsle 8 nBEES
5t= 2} 2} ELISA s/p ratiol} fecal PCR Az} 5 7]|&¢] gt wpale] Apzle =3

oy ¥ o2

O
-
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“ATE IA AEY 54E AT werdeld o B4, & O 2% T S5 5]
1S BEY AR TH B, A AL GuAE 5L BEY T B4 wA
2 A 10, ulz

78 del AREER AFEES A gtk &l QlME2E &3St «
-diverstiy, B-diversity, 28|32 AET &5F XA (taxonomy assignment)S ZI3¥5}4]
T}, o|F FI71F S E nPE EF wh el ASV (amplicon sequence variant)®] Atz =
H-Z (relative abundance) 3}S 83} tlorst 71 242} PICRUSt2E 831 Rk
A oz B2 B3l 54 meksuat shairt
Data preparation Gut microbiota characterization Downstream analysis
s —
NRAEVE ath Simtien mﬁ?m;&m 4‘ PICRUSZ 2 Lefsen
i Emeas
] = = e, Tl R
posm (n =10} | !-::.':- BT L b =y o Statictical anatysis for rch Indicator

(n=22

3% 100. F 527] AES BEY BUEFT 4 BAE

WP RE, AASote] BA FF, ELISA F& fecal PR A7 5 4E ¥ 4o et
o} 1§ 3H(subgrouping) X FAH EHS AYY 4 UES wetolHE 4
30). FY AU APEATT} uk 7ol 5517 ob7]9ls 1

3 5% /B ubPe] B4g Ayt

=
o,
il

X 30. 45 8 5485 g3 vEHH ol

Infectio ELISA MAP_CFU
Sample Cow Age
n Subgroup s/p (Fecal |Sampling Farm Lactation |Parity
D type | (yr)
result ratio PCR)

Co-housing Positive

23 Negative . 6.8 - 2021 Dry 2 Dairy | 6
_negative Farm
Co-housing Positive

28  |Negative . 0.7 - 2021 Lactation 4 | Dairy| 7
_negative Farm
Co-housing Positive

33 Negative . 1.6 - 2021 Dry 3 |Dairy| 7
_negative Farm
Co-housing Positive

38 Negative 7.9 - 2021 Dry 2 Dairy | 6
_negative Farm
Co-housing Positive

41 Negative . 1.9 - 2021 Lactation 2 Dairy | 6
_negative Farm
Co-housing Positive

42 |Negative . 3.4 - 2021 Lactation 2 |Dairy| 5
_negative Farm
Co-housing Positive

50 |Negative . 4.6 - 2021 Lactation 2 |Dairy| 5
_negative Farm
Co-housing Positive

61 Negative . 2.5 - 2021 Dry 1 Dairy | 4
_negative Farm

_89_



Co-housing Positive
81 Negative . 2.5 - 2021 Lactation Dairy
_negative Farm
) Co-housing Positive
8221 |Negative . 5.1 - 2021 Lactation Dairy
_negative Farm
Negative-f | 3.95297 Negative| Unknown
neg 123 [Negative - 2019 Dairy
arm 6 Farm -negfarm
Negative-f|5.77516 Negative| Unknown
neg_157 [Negative - 2019 Dairy
arm 5 Farm -negfarm
) Negative-f|6.12784 Negative| Unknown
neg_196 [Negative - 2019 Dairy
arm 7 Farm -negfarm
) Negative-f | 8. 87582 Negative
neg_198 [Negative - 2019 Gestation Dairy
arm 7 Farm
Negative-f|1.93240 Negative| Unknown
neg_ 226 [Negative - 2019 Dairy
arm 3 Farm -negfarm
) Negative-f | 6.43644 Negative
neg_228 [Negative - 2019 Gestation Dairy
arm 4 Farm
Gestation
Negative-f|4.18809 Negative
neg 229 [Negative - 2019 -miscarria Dairy
arm 7 Farm
ge
Negative-f | 10. 7641 Negative| Unknown
neg 23 |Negative - 2019 Dairy
arm 4 Farm -negfarm
) Negative-f | 2.90227 Negative| Unknown
neg_38 |Negative - 2019 Dairy
arm 8 Farm -negfarm
Negative-f | 4. 66568 Negative| Unknown
neg 81 |Negative - 2019 Dairy
arm 7 Farm -negfarm
Negative-f|9.44893 Negative| Unknown Hanwo
neg K10 [Negative - 2019
arm 5 Farm -negfarm o
Negative-f | 44, 1440 Negative| Unknown Hanwo
neg K15 [Negative - 2019
arm 1 Farm -negfarm o}
Negative-f|8.41293 Negative| Unknown Hanwo
neg K19 [Negative - 2019
arm 2 Farm -negfarm o
Negative-f|7.43570 Negative| Unknown Hanwo
neg K25 [Negative - 2019
arm 9 Farm -negfarm o
Negative-f | 2.82880 Negative Hanwo
neg K28 [Negative - 2019 Gestation
arm 2 Farm o}
Negative-f Negative| Unknown Hanwo
neg_K29 |[Negative 4,35709 - 2019
arm Farm -negfarm o
Negative-f | 6.25275 Negative| Unknown Hanwo
neg K31 [Negative - 2019
arm 5 Farm -negfarm o
Negative-f|5.89272 Negative Hanwo
neg K33 [Negative - 2019 Gestation
arm 6 Farm o
, . |Negative-f|3.35782 Negative . Hanwo
neg K34 [Negative - 2019 Gestation
arm 5 Farm o}
Negative-f|3.19617 Negative| Unknown Hanwo
neg K8 |Negative - 2019
arm 9 Farm -negfarm o
2.46E+0 Positive
134 |Positive| Positive 57.5 2019 Lactation Dairy
7 Farm
Positive
167 |Positive| Positive 76.4 - 2019 Lactation Dairy
Farm
Positive
167.2 |Positive| Positive 40.6 - 2020 . Lactation Dairy
arm
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Positive
167.3 |Positive| Positive 51.3 - 2021 . Lactation 4 Dairy | 8
arm
8. 03E+0 Positive
168 |Positive| Positive 7.6 2019 Lactation 3 |Dairy| 6
0 Farm
Positive
168.2 |Positive| Positive 115.4 - 2020 Lactation 4 Dairy | 7
Farm
Positive
181 |Positive| Positive 148.5 - 2020 Dry 4 Dairy | 7
Farm
Positive
181.2 |Positive| Positive 20 - 2019 Lactation 4 Dairy | 3
Farm
Positive
181.3 |Positive| Positive 138.3 - 2021 . Lactation 5 Dairy | 8
arm
1.01E+0 Positive
188 |Positive| Positive 175.9 2019 Lactation 4 Dairy | 5
5 Farm
Positive
188.2 |Positive| Positive 2.7 - 2020 Dry 4 Dairy | 6
Farm
1.10E+0 Positive
202 |Positive| Positive 93.4 2019 Lactation 3 Dairy | 4
3 Farm
Positive
202.2 |Positive| Positive 163.3 - 2020 . Lactation 3 Dairy | 5
arm
4.95E+0 Positive
224 |Positive| Positive 2.4 2019 Dry 2 Dairy | 5
2 Farm
5. 72E+0 Positive
237 |Positive| Positive 3.4 2019 Dry 1 Dairy | 3
2 Farm
4. 09E+0 Positive
32 Positive| Positive 3.1 2021 Lactation 2 Dairy | 6
3 Farm
6. 71E+0 Positive
35 Positive| Positive 75.7 2021 Lactation 3 Dairy | 6
4 Farm
Positive
58 Positive| Positive 154.3 - 2021 . Lactation 2 Dairy | 4
arm
1.14E+0 Positive
68 Positive| Positive 10 2021 Lactation 1 Dairy | 3
2 Farm
6. 46E+0 Positive
79 Positive| Positive 0 2021 Lactation 1 Dairy | 3
3 Farm
6. 74E+0 Positive
8219 |Positive| Positive 0.1 2019 Lactation 5 Dairy | 8
3 Farm
1.86E+0 Positive
97 Positive| Positive 1.2 2019 Dry 5 Dairy | 8
2 Farm

- QIIME22] AMF R3 AL FA demultiplexing, trimming, denoising, diversity
analysis & taxonomic assignment® o]Fo]Zit} (& 101). WA E42] FASTQ Il &&
AME HF AWSF(forward, R1)Z} <""“E"‘*(r‘everse, R2) | 5’%71] demultiplexS 3} %], A]
HA do]E ] S Q scoreplbql FErnto] YT E trimmingdsl= A S ARl o] F
chimera sequence S ZHPQ“HE?{: DADA2 7]®}2] denoising Zrd-& ZI3¥5te] n|BE L3
2o BEY feature tableS HHITH ofF 2 featured 7t H-IAAZ Hetsts] )
3t phylogenetic treeE A|Z}s}3, MEZ ¥ sampling depth 5 318 3}o] diversity
analysis& ZI8gtc}, E3F QIIME2o] LfjAH Naive-Bayes classifierE 83} zZt
oo oAz

feature52] BETL =F A& Y& E3) taxonomy table W BEIL +F (taxonomy
level) ¥ bar chart 5& R3]
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ShneQ

—p

Sequencing fles
[fastal

Bill,

FASTQ DADA2 ; Diversity 'l | =
seq file —T Denoising " tree (a, B) i B
loerwmpnexm T
Demultiplexed
files A
Alignment Taxonamy profis
Quali =
smmﬂ'g gemr?::abon T"*| Taxonomy bar-chart H
fittering ¥
Quality control A e
& trimming S
A
Metadata =
Feature Table T T =
file Nave | assignment tabls
Bayes
dlassifier b v
Lesv]

I » Downstream

= analysis

% 101. QIIME2Z 54 A3 A4 24

- 7 SAFoE MAP Y f-Fol wE a-diverstiy, B-diversity X|EEQ] HIHE T3
% 3 dsee Bt WA ediverstiys u4E 2o 2EE
(evenness), =5 % (richness), 2|3 TFIA (diversity)S UEhJ= o8 A FEEE &
af & i JHA E 58S mhbstdch (' 102). JuEAE, AEE 571K A& BF
WP ATl RAMOT U e g HASATh VAT b UFo] BF wg4
F A7 AR FFoletal AR 7] ol MAP ZHgo] 42 B W #Fo dFTES T
e g ¢ 4 o
A B

s P <0.001" s P=0.005"
0.945
© 0.530 @ 1,200
5 D925 | | £
» s b A
= 0.915 E B0O
5 0910 § 800
Qs (o]
0500 | 0
0.855 | i 9 200 + T
Negative Positive Negative Positive
C
0988 P <0.001° D % P <0.001* E 02 P <0.001"*
R ’° : s
jo i X oae
x " 0 ..
Some, B o — B
= I o T
0 nges w » 68
y L ", s =
B oset £ . e
E'D.em ﬁ 4 ' & a2
'UTJnssz 38 5 :E
D991 :: ;:
0,990 _ . + 20 — - T2+
Negative Positive Negative Positive Negative Positive

3% 102, MAP g ol wlZ a-diverstiy X|&F2] H3}

o= = H o

(A) pielou’s evenness (¥#5%), (B) observed features (Z5-%), (C-E) Simpson’s index,

faith’s PD, Shannon’s index (©]A} T}erAd)
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- ThEo 2, AE 7 AlolE HAs| fl8 B-diversity A& F H]-/71F &3t FAHA 2l
(un-/weighted UniFrac distance)Z& ©]-83} PCoA (principal coordinates analysis) plot
= 28 AlZEpsigct (23 103). o] wf IF 2 Ao] FQlo] folsteE: el

= QLN
(Positive, T}&}) 2} R (Negative, ®t7})2] AMZ-8 viZ A 2P s, 95% A1g]
Bl S EAsteith (2@ 1034, C). E3F tfrTe] ZAIA (centroid) SR HE ZH MZ 9
A& A= 2iZststa 1 FAE {278 (Mann-Fhitney U test)& The}stich (21
103, D). AT, F 7I#] AE EF PCoA ploto % 2Eo] ulel -3}
(clustering)o] doju EAZH SR 2

oAl xtol 7} Qladth. =, MAP ZHo] A
[«
=

SR,

|y
Fo W3S WusA SEstdrts A £

A Unweighted UniFrac C Weighted UniFrac
I ,I oy |'I- SN e
Ry /] / Group 2 | */.\ *° || Group
© 2 |* Bl fioral |
&joel  / LS 4 : - Negative & ao et AT - Negative
8 i ~ Positive E L AL “ Positive
114 -~ I* ;
\ .
PC1:13% © PC1:50%
Unweighted UniFrac distances to Negative Weighted UniFrac distances to Negative
o {__P=0001" b l P =0.001"
(13 1 ——
(&} R S
| @©
% 088 E“
z- N g -
(] 1 (]
[-L1]
~Togei Posiive ——— —

Negative Positive
% 103. MAP ZH8 %ol uw}E B-diverstiy X 3E2] H3}

(A-B) ¥ 7}& 7+ SAFA T 7|4} PCoA plot (A)3 uﬁzs% FydogRy 7 18 W NS 7
ZEX

(C-D) 7% #7+ A2l 719 PCoA plot (C)3} EHZ—E FuHogRE 7t 18 U WS 7
Azl

- F7HH L2, PICRUSt2E o] &3l o533 A f HchrdAle] WHEHE KEGG pathway 4 7
HE #E&stel IF 7t vlAE sfEUTt (2§ 104).
analysis) %24 (cut-off: log)y [LDA score] > 3) & T3l 2. & H=E 53] 8433 E4
tARE Flsli= A2}, n|ddTo] Ay eg oAt ‘?H*}, A3 FE Az, 2
AL Tol AstE ool E W, AT BH BE A, o %, o5 FY chart
2 etx]o] At tiedd A SRS wl, MAP ZHE 2 o 7% Anto] AA F
A WYL HMHE FAUIL oo &3 A o IRAAY thiAl 7leE HEYSS ¢

LDA (linear discriminant

_93_



= Negative —/ Positive

Enwronmenta[ !nformatmn Processing _
: Membrane Transport [

Transporters

: Unclassified [
_Amlno Acid:Metabolism :

] Genetic Inf¢rmation Pracessing
_MG‘tabollsmt - : 1
! | |

-4 —3 —2 —1 0 1 2 3 4
LDA SCORE (log 10)
% 104. MAP ZHE-9-Fo u}E KEGG pathway ZH % X}o]

- VAP Ztdo] Ji m|dEol nlAl= uA A F¥E spefsty] g8l Z n| A= iy FHF
= ARE TR BA £4 T& MIAste 7} IFA RFHeR SR ndEE
(Zgas: =, oiRT: w) S sty 4 oot (2§l 105). ERE, 2] HES
ELISA s/p ratio & fecal PCR ZZ}o}2] AHHA B4, MAP 7+ ol BIZHsHA vE-g-3t= 1]
AEES Asts feature2H #&ste T 2FFHA AE 7ol A5 HEE )

2}
el

Significant differed taxa

200 -

175 1

Taxon count
= = =
~J o N [0,
wu o (9, ] o

u
o
i

Phylum Class Order Family Genus Species
Taxonomy Level

33 105, BEF #EE FoAn3 A HAdd ndE £

(4) WAP ZH WIZHE WAE AY W n B 7l AE Y

- MAP ZtQdof] RIZISIA vE3-sh= n| =S Thotstr| flahA, n &8 Aoi3 SFes 2
&sto] 1F5E& st LDA &4 (cut-off: logy [LDA score] > 2)& ZI¥stgict. 3 ¥
NEE= 7 15 7J Hl 2L (28] 1067, 453 i MAP ZHE 3} ti27)E shelal, =3
3 Zl AtgE 2, A e WY 5 Aol E ufAst] flsiAM Al 1F 2 vl [

H
106B; oFAd %73," MAP 7Y (Positive, ¥}el); oFA =2t pjzted =79 (Co-housing
negative, &), %3 n|tEL (Negative, 7N |2 L}po] FAsigict F OF

_94_



b
to
i)
N
(=

> [

O

L X2 ol
W
ia
N
=

o
ok

[
inj

1=
o
=
.

A B Negative B

I Positive

da
e
Lo
-
o
i
[y
flo &
1
2,
ek
-+
32,
32
u)

5_dfrcle
o_Clostridales

¢_Clostridia

s_Inufintvorans|

g_Rossburia

Undlassified genus of f_Suzcintvibrionacese
tadsah f

Unclassried genus of {_Neisseriacsae|

5 idandicum
e
1_esanacoe [
Unclassiied species of {_Neissenaceae [}
{__tactobacillacaae|
2 Laciobacil: [y
p_Bacteroidetes|
©_Bactercidia

Clostridia
Clostridiales

©0_Bactercidales

Unclsiied species of _Ruminacoccacess
5 : Unelassified genus of 1_Ruminacoccacese

difficilag 2 7 N ; Unclassified species of o_Clostidiales
;) X ] Undiassified famill of o_Clostridiales

Unciassiied genus of _Clostridiales
{_Bacteroidaccae

9 Bacteroides

Unciassfed species of g_Basteroides
Unclassfied genus of ¢_Molkcutes
Undassiied order of ¢_Mollicutes
Unclassfied famiy of c_Molliostes
Unclassfied spees of ¢_Malliutes
s_afticana

2 3 4
LDA SCORE (log 10)

- MAP Z a3t ddde nAESS LA 24 2e FHEHA WALE sty flsiA, &
Z}

2] H ELISA s/p ratio W fecal PCR A5 nyE
(Spearman correlation analysis)& ZI388s}oit}. ELISA s/
Zo| AAJAE 7= vdEEol A=A

ko] qm
—r
k1
3
A
2
ox
|
o)
B X

[ Negative @ Co-housing negative [l Positive

%3t ZA| = (cladogram)S ‘53l
o BE X HIE ZIE 4

= AE FAHAE H
LS I (27 106B) 224, F 71| 4 AAE F
Sold nBEES =& = At 2 A3t AP 2

2 wo] B3} Clostridium difficile 5 18 2t o] A #os}

3 31. ELISA s/p ratio 33} AAAAE Ho|= nPE &7+
Taxonomy Coefficient
Type Bacteria P
(Total num) (p)
Firmicutes 0.723 1.38E-09
Positive-correlated Actinobacteria 0.717 2.25E-09
Phylum (19) Euryarchaeota 0.636 3.96E-07
Bacteroidetes -0.638 3.68E-07
Negative-correlated
Unassigned phylum of Bacteria -0. 608 1. 75E-06
Bacilli 0.8 1.12E-12
Actinobacteria 0. 681 2.78E-08
Coriobacteriia 0.664 8. 25E-08
Positive-correlated
Methanobacteria 0.658 1.14E-07
Class (37)
Clostridia 0. 656 1.31E-07
Gammaproteobacteria 0.549 2.50E-05
. Bacteroidia -0. 636 4.08E-07
Negative-correlated
Unassigned class of Bacteria -0. 608 1.75E-06
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Bacillales 0.777 1.26E-11
Bifidobacteriales 0.708 4.47E-09
Coriobacteriales 0. 664 8. 25E-08
Positive-correlated Methanobacteriales 0.658 1.14E-07
Order (59) Clostridiales 0.651 1.78E-07
Aeromonadales 0.571 9. 74E-06
Lactobacillales 0.52 7.67E-05
Bacteroidales -0.636 4. 08E-07
Negative-correlated
Unassigned order of Bacteria -0. 608 1.75E-06
Peptostreptococcaceae 0.838 9.62E-15
Bacillaceae 0.859 3.66E-16
Clostridiaceae 0.781 8.82E-12
Bifidobacteriaceae 0.708 4.47E-09
Paraprevotel laceae 0.67 5. 66E-08
. Coriobacteriaceae 0. 664 8. 25E-08
Positive-correlated
Methanobacteriaceae 0.658 1.14E-07
Lachnospiraceae 0.633 4. 78E-07
Succinivibrionaceae 0.571 9.74E-06
Unassigned family of
| dial 0.537 4.06E-05
Family (99) Clostridiales
Streptococcaceae 0.522 7.12E-05
Ruminococcaceae -0.729 8.81E-10
Unassigned family of
-0. 696 1.03E-08
Bacteroidales
Unassigned family of Bacillales -0.675 3.97E-08
\ . Lated Rikenellaceae -0. 649 1.92E-07
egative-correlate Unassigned family of
-0.617 1.13E-06
Clostridiales
Unassigned family of Bacteria -0. 608 1.75E-06
Bacteroidaceae -0.534 4.53E-05
S24.7 -0.519 8.04E-05
Unassigned genus of Bacillaceae 0.859 3.66E-16
[Clostridium] (putative) 0.828 3.48E-14
Clostridium
0.811 3.30E-13
(Peptostreptococcaceae)
Clostridium (Clostridiaceae) 0.781 8.82E-12
Ruminococcus 0.759 6.89E-11
Enterococcus 0.706 5.05E-09
CF231 0.698 8.95E-09
Genus (168) |Positive-correlated Methanobrevibacter 0.611 1.52E-06
Unassigned genus of
0.597 2.97E-06
Veillonellaceae
Succinivibrio 0.585 5.22E-06
Methanosphaera 0.577 7.40E-06
Unassigned genus of
0.546 2.78E-05
Lachnospiraceae
Unassigned genus of Clostridiales 0.537 4.06E-05
Streptococcus 0.522 7.12E-05
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Unassigned genus of

0.502 1.51E-04
Bifidobacteriaceae
Unassigned genus of Bacteroidales -0. 696 1. 03E-08
Unassigned genus of
-0. 683 2. 38E-08
Ruminococcaceae
Unassigned genus of Bacillales -0.675 3.97E-08
Alistipes -0.657 1.21E-07
Unassigned genus of
. -0.618 1. 08E-06
Negative-correlated Ruminococcaceae
Unassigned genus of Clostridiales -0.617 1.13E-06
Unassigned genus of Bacteria -0. 608 1.75E-06
Bacteroides -0. 566 1.23E-05
gut -0. 563 1.37E-05
Oscillospira -0. 551 2. 30E-05
Unassigned genus of S24.7 -0.519 8. 04E-05
Unassigned species of Bacillaceae 0. 859 3. 66E-16
Clsotridium ruminantium 0.814 2.15E-13
Unassigned species of Clostridium 0.804 7.20E-13
Clostridium disporicum 0.797 1.62E-12
Ruminococcus lactaris 0.755 1.03E-10
Clostridium difficile 0.75 1.61E-10
Unassigned species of Clostridium 0.719 1.89E-09
Enterococcus casseliflavus 0.706 5. 05E-09
Unassigned species of CF231 0.698 8.95E-09
Clostridium paraputrificum 0.634 4, 60E-07
Unassigned species of
0.601 2.49E-06
Methanobrevibacter
Positive-correlated - .
Unassigned species of
0.597 2.97E-06
Veillonellaceae
Unassigned species of
0.585 5.22E-06
Succinivibrio
i Unassigned species of
Species gnec sp 0.577 | 7.40E-06
(206) Methanosphaera
Unassigned species of
0.546 2. 78E-05
Lachnospiraceae
Unassigned species of
0.537 4, 06E-05
Clostridiales
Streptococcus equi 0.522 7.12E-05
Unassigned species of
0.502 1.51E-04
Bifidobacteriaceae
Unassigned species of
-0. 696 1. 03E-08
Bacteroidales
Unassigned species of
] -0. 683 2.38E-08
Ruminococcaceae
Unassigned species of Bacillales -0.675 3.97E-08
Negative-correlated
Unassigned species of Clostridium -0. 629 5.93E-07
Unassigned species of
] -0.618 1. 08E-06
Ruminococcaceae
Unassigned species of -0.617 1.13E-06
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Clostridiales
Unassigned species of Alistipes -0.616 1.17E-06
Unassigned species of Bacteria -0. 608 1.75E-06
Bacteroides nordii -0. 568 1.11E-05
gut metagenome -0. 563 1.37E-05
Oscillospira guilliermondii -0. 551 2.30E-05
Alistipes finegoldii -0.531 5.11E-05
Unassigned species of S24.7 -0.519 8. 04E-05
Spirochaeta africana -0. 505 1. 36E-04

Al =4oll=, & 7ie] ASV (Enterobacteriaceae familyii =FEE 3 S5
h=h o]= fecal PCR Z} 3 =872 €F S FSolA Tt

.= 32)
BEehs 25159 990l 4§ AoE Aeu

3 32. Fecal PCR 7]%t MAP cfu I3} AAAAE Rol= n|BAE BT

Taxonomy
Type Bacteria Coefficient (p) P
(Total num)
Order (59) |Positive-correlated Enterobacteriales 0.520 7.78E-05
Family (99)|Positive-correlated| Enterobacteriaceae 0.520 7.78E-05
Unassigned genus of
Genus (168) |Positive-correlated ] 0.520 7.78E-05
Enterobacteriaceae
Species Unassigned species of
Positive-correlated 0.520 7.78E-05
(206) Enterobacteriaceae

ol AFH Al 7HA] A (O2F T = A FFEY $AH 4, LA £4, 1
2ol AAUA £4)E HIH LR FFHLE MAP ZHelo] Sol3 Hhg-& Hole &S
TELE AEste A& AAch AEe FHol Y AF =&l AdEel A&
7182 4 &/ FEoA nAZ ™ (unassigned) H| &2 A &lstal, Tz 2T
o Zkzt 3t o] % @ 3k (zero value)o] Lt = 7= A&lsigict A8 =&
= AE TR FEEE WP 2 A O £27} FUtete n| A d4ste ndES A
Aol H|&Fto 2 WA FH, IF T FAF FAE HAstArh AR £
(phylum, Firmicutes to Bacteroidetes), 7}(class, Clostridia to Bacteroidia), I
(order, Clostridiales to Bacteroidiales, FEnterobacteriales to Clostridiales), 3}
(family, Enterobacteriaceae to Ruminococcaceae) T-Zol|A Z 571¢] ov] 2+ A HEE

AAd 4= ladr} (27 107).
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Firmicutes B Clostridia C Clostridiales

to Bacteroidetes to Bacteroidia to Bacteroidiales
L] - bl -
7 ) ? 1 7 .
[
S s 3°
i = ©
g s >°
o . , o * ' La '
=] § E=1 4 E L
© , © 3 3
(1 o 1’4
1 b2 1
Negative Positive Negative Positive Negative Positive
D Enterobacteriales E Enterobacteriaceae
to Clostridiales to Ruminococcaceae
s - . —_—
i 0ms '
00158
@ g om0
— 00125 —
g g
e
o o 0020 )
'l‘_-u' L2l | E oS
02 o { [+ PPN !
0.0025 i 0005 ‘
p—— | oom] ——
Negative Positive Negative Positive

a3 107. BET EF 758 ZAHA VAP 1 A X 5F

(A) = & B) & = (C-D) 5 = (E) & +&

- 91 57K AR ES HIFE TAA #ould 5& Bl AEN nBEES %
o] Fo] HEEr By 2o 7 RAE A XY 7o
o =2 o therdt nBES7He] HZANEo] o|Fox= FRA0]

T 7Y ndEREE BF o ARE %%5}71 Kl

Z 3 E SR E Ay S5 & T B 1°i°l BT FY3 shite] feature®
7H8staL, A dolg & MAP ZHd ol mwE Aol & & UEhl= featured A& st=

tdZ stalct. o] wf Aol Abghe] FHE vfAISH7] ¢18HA] Ridge, LASSO, ElasticNet

2} e A3 FHREY 2 Feature selector, Filtering method?} ZHE dlo]¥ uf
feature A& Y32 E&S FE319th

or
N
N
or
oZ:
2
3o,
_YL
o
rﬂi
rS‘J

2
=

i

A, T AN F 7Y v E TFT 58870 LI Rt Thxpd e dolE 3
B3 F 7 85 E AAIZ = A& Frol A €83 (quasi-/constant value)
feature% A As Tt ol & T8 110708] featureZ} A AT AL o] F PG ollA = 4787)
9] featurewtE o|&ste] EFHELE w=rd] ARgstglrh. AHA A (Before)H ¥
(After)®] Hlo]e] WP 20T A HAZ sto] A=etLe] AE DA, u]A £
52| %<2l PCA (principal component analysis)& ©]-&3}lo] Ho]E|e] RE FTE FHal
s Azt uf- FASHAl Al 27} Bl S Helstlot (23 108). 3 F 3} 2]
silhouette score (Before: 0.611358, After: 0.640311)3} calinski score (Before:
128.823863, After: 129.55748)7} A2] Galgt A& Zsia AA AT doly 4o
AL TUES FHQlslo] o] F feature A Hol= 4787]2] featureShS AF&3}aiT.

N
.y
o o
o (2
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Before After

ineugEs teore almats seere

DA raw

a2 108. A 3k AlA A (Before)Z} F-(After)?] LDAR} PCA plot @ AF3} x|

(silhouette score, calinski score)

- o] F &5 TA (classification)o] thyt BE A A] 2pA 3 (overfitting)S WA|3taL
2} 215 AFR-St= A3} (regularization) |3 =rAlel Ridge, LASSO, ElasticNet ]3]
Ao $h X2 dg| AF8E 3 Q= Feature Selector, Filter Method WAl 72| & 57}
2] WHE S FQ featureE AESlaL 7|E HolH & duh}t BESIAL U=AE H
stadct o] wff 71E nE Aid FFE 3 AAE AHESHE A (o] 5 Ravw data) o=

T e XS HHLE HolE 7t E4tk& FIHAFIAL 71E el 1.5 AFAFES 3l

RL | BSe Bre) =

F= AS5Z W3 (1.5 power transformation, ©|3} 1.5 power)3} A} Ay e& Yo g
5t3 7|1& kS A2 3 A5 H3F (exponential transformation, ©]3} exp)S &t 3k
= o|&3A FAE Fysact

- HA] Raw datag ©o]-&3t Z-¢, Ridge FHELLS 7|& 4787 & F 43t featureE A1H3|
Y=y Alsfaion, LASSO= 367§, ElasticNet2 1437, Feature Selector= 127}
(cumulative importance = 0,95, correlation threshold = 0.99), Filter Method<= 447}
(correlated factor > 0.5 7|&)%] featureE A1WHslaict (& 109).

Raw data (No transformation)

Original data Ridge LASSO ElasticNet Feature Selector | Filter method
(478) (478) (36) (143) (12) (44)

‘e

Meaningless

I3 109, HBASHA] A4S S ol-&sto] 571A| 9] feature A WHow HEH
feature?] 7|4 @ o5 &3t LDA, PCA ZA 23}t vl

- 100 -



- 1.5 power datag ©]-&3¥ F-¢, 7|E HlolH oA ML gt AASHE A olA

T

311788 featureqto] Yok, o]} H] S ufl Ridge F|FH RHWL £Q3t featureE: F
U= Asigie

, LASSO= 677, ElasticNet2 1247, Feature Selector:= 137]

(cumulative importance = 0,95, correlation threshold = 0.99), Filter Method:= 327}

(correlated factor > 0.5 7|&)&] featureE AWsloict (& 110).

1.5 power transformation

Original data Ridge LASSO ElasticNet Feature Selector | Filter method
(311) (311) (67) (124) (13) (32)

Meaningless

23 110. 1.5 power Zk& ©]-&3lo] 571#| 2] feature A YHLOE A feature?
A4 @ o]S HE3t LDA, PCA A3t vl

- exp datag o8&t B9, 7|E HolHA AF R HeZtE AASHE 2 olA 3877
9] featurerto] Wk, o]e} v 3PS uff Ridge F|HEHEL FR3F featureE FE=
o] Alsfsloend, LASSO:= 767, ElasticNet> 1607, Feature Selector= 137§

(cumulative importance = 0,95, correlation threshold = 0.99), Filter Method:= 477}

(correlated factor > 0.5 7|&)%] featureE A1WHsloct (& 111).

Exponential transformation

Original data Ridge LASSO ElasticNet Feature Selector | Filter method
(387) (387) (76) (160) (13) (47)
L] "' rt
Meaningless

a7 111, exp S o]-&35}o] 571%| 2] feature A WHOE MMM feature?] 7|4 U
o5& #-&3 LDA, PCA A3t vl
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- Al 71A] Hio]lEloA ZEZH O E Feature SelectorZ} 7} AL feature 7|4E A EH31Y
3, AA do]y thd] 95% 7} Y 4 v} (cumulative importance = 0.95). w}a}
A, MAPo RIZFSHA] wHE-Sthe mAdE AT AdEsiue] Y +F REEE wtesds
Feature Selector& Esir X3st7|2 ZAASIATE olojA wmiepulg 2 ZH3t 23
(missing threshold=0. 6, correlation threshold=0. 98, task=classification,
eval metric=auc, cumulative importance=0.95)& &3l #Z 2d HA ¥ 0 AA5S H
7bst= AR E A3ystadnt. 224 doly £/ HE B3 feature®] A== Raw data 2
2 1070, exp 2 137, 28|32 1.5 power X7 147§ o, B3] features2] {2} 1
FREE FAsfEITt (1 112). BE Bl 714 583 feature® AEH n|¥=
< ¢ LDAEA] Al MAPZEE T ol o g Fx27t F7I3E o2 A Clostridium
difficileo|glom, 2 o] QA A ofu] 70@ A% AAo] BEHAW Bacilli SE LB
o

i No transtormation 1.5 power transformatian
[Species] Clastridium diffiche - [Speties] Clostricium difficie r
. [Cimss] Bacil -
1 . -
[Faméy] Ciostridiaceas I ) [Famity] Porpiyromonagacese |
[Genus) Ruminococcus 1 - [Species] Unassigned spocies of Bacieraides | =
[Species] Clostridium dEsporicum | . [Genus] gul | .
[Family] Peplosirepfococcacese ~| . Rl {Genus] Pm cms“mm ‘ .
1 ‘srapre .
[Species] Unassigned species of Alistipss 4: - [Genus] Entsracoccus -
[Genus] Spirochasts | i
[Ganusa| 5’"‘"‘"‘9“" 0 Ianis) Lactonfachr |
[Genus] Linassigned genus of Ruminococcacess | # [Ganus] Ruminococcus |
Fomiy] A le [Order] Unassigned order of Mollicufes
Wi v ipeseagr | [Spacies] Unassigned species of Bactsroides
[Clarss] Baciti 1 [Genus) Unassigned genus of Verucomicrabiscsas | o B o o
L 1 o2 03 L 0.00 oos L3t] 015 020
namalized importance Mormalized importarce
c [Species] Clostridium difficile -
[Family] Bacterordaceae -
[Genus] Enferococcus .
[Genus] gut

.

[Class] Bacilli -
[Species] Unassigned spacies of Bacleroides |

[Species] Unassigned species of Cioatridium {

[Genus] Spirochaeta

[Spacies] Unassigned spedes of Bacteroides

[Famity] Unassigned species of Baciliales {——
[Genus] Ruminococets| &

[Phylum] Vermucomicrobia{- &

[Order] Unassigned order of Moilicites |

000 605 bl 018 620 625 0% 03 04

Normallzed Importance

a3 112, dloly FHH AAMH features?] 8% 371
(A) Raw data (B) 1.5 power (C) exp

.
.

- MAP 2t 2/ B2 M featureSo] tist Hzje] 527 HME dlole|E o|d 3}
o —

Ao A= Tt ARt Rl JA GG vls] FriF oz A2 AEe Jied HBE AL
ot A H3FH HZ (biased validation)S WZA|517] $siA FRE trainF} test
set& 85t 28-S 103 53 A3 ¥ 1 accuracy T& Thetste] BRI HeE B
7tstgic. rde] 3t b 12| E-E support vector machine (1inarSVC, SVM), k-nearest
neigborhood (KNN), random forest& &-&3sloitt. 2 A3}, AWFH S =F random forest &
A EE o &3S ull BHFEL] HAZko] 0.8 ~ 0.9 £-% e HoFon 53
exp Hlo|HE &&3t F-¢ BH= BF3k (0.8875)0] A& 7| FstATt (27 113).
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Model accuracy

Ay

madel

Accuracy

0.6 1 I LinearSVC(C=1)
= SVM
= KNN
0.5 N mm RandomForest
Raw‘data EII(P 1.5 p;:mr

Data Type

33 113, 4714 3 dare|Fol whE 27} diold 7 =Y FHE F7L

- 27lHeE U AnE EUeGS o, BU B dsol Z/IeAE 2] aA,
ELISA s/p ratioZ}} fecal PCR 7]®WF MAP cfu count S Z+zh F7ISIALU &5 4

(both) Rulo]] SrEAALS o o AFEE Solsreotct (28 114). 2 Az Avty o
2 RACrAAL |27} F1E QS A ELISA 23} (28 114A), PCR A3} (28l 114B)7} =
€H Aty 25 7[E B vin] /2] Heol SR S FHAY £ AU , 53] 7}

=AU 23 271 R AL AaE BE 23 (¥ 114C 5}5’— E]*E% =k
FTHE HolEl FF= exp Hlo|E|E E&3Sto] random forest dile|E&FS &I H¢
(0.9125)%c}. o]& £UFHOE 13RS ulf, Feature SelectorE ©o|-&3f AEHH 4]
T 718 nBEEY Aty SFELE AT E Bo R sle AeH¥ ginteze F
e 7% 0.870.9 5 w2 dF RES vE F AUths 2E FAsiAa, o7 A

¢

h AL A2E A Rtk oS O S 58 4 lolA Bk AHI Anke] Jhs
sid 4 glch
A B
ELISA sip ratio combined MAP cfu value combined
fon 4
| f
-Llllﬁvc({:—i)
exp -f::‘m“ " Rawdata “exp 15 pawer
Data Type Data Type
c Both
F
-Lmuri\KIlC-ﬂ
un 1 1:'::‘”

3 114. ELISA, PCR etz A} éa}a 3t HolHE F7lslelS
(A) ELISA Zz} &7} 24 (B) PCR A 71 24 (C) BF 71 24
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4.

7}.

e x7| TG

Lud g ¢4

2|8t £0| biomarker &
oS ¥ A ] biomarker Wz

(1) 2ug o ZAMAY] 7Y Al w2 % proteome w4
R mycobacteria ZHeol glojx P HERHE FESI etst= 22 Fo3
s 2. 53] WP 78 JHAES S8 S S & MEEoEH TE Al
AEE AZ 7 U 58 RUALE AR 9l&. T8 EE MAP 2 AAE 27]M &3]
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H|ZHE - JiA2F MAP ZEH JRAIE Al mhel Faste] Tt o] 4 15
=A%k (1) ELISA 24, 2¥HuU 42 (2) ELISA S/P ratio »55; (3) ELISA S/P ratio
> 200; (4) vt R AE sl EHES AL, 250 iE=E = 4470
HE2] EHE 247 4ol B4 o] &35S, U HE A4S ¢l8l 2-DE £4& AA
§}7] Aol 1-DE 242 A x]3}e1S. SDS-PAGE 4] Alo] A A I 2 E2 2} otinlo]
28 2X|st= AL =el 3 (2’ 115). 12]3to] Calbiochem ProteoExtractIM
Removal Kits (Merck Millipore, Darmstadt, Germany)& ©|83to] @& o 8 gh#¥zoel

flo

A2 R QRue AAT (22 116). 28 163} 2ol kit Ba) 19 A7 4
Sl wrul W FREUo| the AAHUAT of W3] Wolel e B, kit Aol
2™ human proteins©] 80%0]|Ar A A% A2t bovine sample?] 7% 30% A AE= HoZF
vt elge. TEiA $Ele columndl] BEE 2 flow-throughdte] ¢Enl W Z 2 Ea]

AAE A (2" 116).

212 A& Zdl MEE o] L3lo] 2-DE (two-dimensional gel electroporesis) =41
AR, 20E B4 2AE Fskel S 7 AET 3 ol 208 B4 AAIshT,

1=
gel& silver stainingS &3] wh¥ 3 spotS A3 (28 117). image analysis&
A

ol 213l spotE
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Original samples Albumngh Removal
e T T | 2 3 4 5 & 7T B M

% 115, MAP ZHE A of] o} & QA7 A 2] § A S o] &3 SDS-PAGE 4. M, pre-stained
protein marker: 1, 5, H|Zr<t: 2, 6, ELISA 24 3, 7, ELISA S/P ratio »55; 4, 8,

ELISA S/P ratio > 200,

All:_umm-".gﬁ Rermoval Albumin/gs Removal
2 &) (1 TRy

Kda M 1 2 3 4 M

-EERTRCEVEN

o (.

d EH”‘...

s | -

w (MR EN ..
]

1% 116. Albumin/IgG removal kitE o]-& ¥ 3 ME SDS-PAGE 24]. M, pre-stained
protein marker: 1, 5, H|Zt: 2, 6, ELISA A% 3, 7, ELISA S/P ratio >55: 4, 8,

ELISA S/P ratio > 200,

1 Conernl 2 flneg 3 ELSS 4 EL20
= = —# - B L] - e 4 S [ L
———— T ———
- I.-_“!. s . ¥ L (L
- (] = ey i i
m 3 ™ L ™
™ W g w o Do P -
= - - f'F" = o - =
— — =
i~ -5 DR - YT - EERT—
” . - a.. - = - - E - - - .
y L] = - = e - - " o ———
i " - L] - ~

% 117. MAP ZHa Ao o E AAMA 3 2] two-dimensional gel electroporesis

profiles ¢ image 4]
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- oo A EAof| A visualization H total spots 1347] 1. control 152 spotS 1E X
rE&ulf controlo] ¥t ZF 72| YX|3t= spote] 27| & 2|33 L. IEo utet

=
SolHQl WY Aol & Rolt spord AASHAIL, ofel FEol Feld

- control Z15of H|335}o] ELne Ent 4y Z2 =713t spot (n=28, ¥ 33), control L
Eof "]Z35}e] ELSS 2Eq Ud 52 =713t spot (n=17, ¥ 34), control 1Eof v]ZL3}
o] EL200 251t W& &2 =713t spot (n=3, ¥ 35), control 150 H]35}o] ELneg?}

EL55 2Ent w3 =2 2713t spot (n=11, ¥ 36), control 1&o] H]|i3}o] ELnegl}

EL200 &7 U3 2

(i
[

EL55, EL200 7.8 2% w38 &2 =273} spot (n=9, & 39), control 2Ez} Wde] 2%
H 317} ¢l= spot (n=55, X 40)& T35t A|AIE.

%

T 1istE 2y

23l spots<> MALDI-TOF/MS &4 & T3l 5783t o] d T
(£ 41). 5 3FA ZL2 control IFof H|dt] uld ZEIFAA J713 ehid g =
alpha-1B-glycoprotein precursor, complement component C9 precursor 7} AT g3
EL552} EL200 1§ =, ELISA A0 2 o¥A ol &A= IgM heavy chain constant region
chil o] =Ax%]olS . E3FF ELneg?} EL200 15 o4+ prepro complement component C3
chio] Z=Ax|ol2 7 ¥lo] hligGl heavy chain constant regionl} bovine serum
albumine] T H ZH 2 spots =HA] 2-DE gel AollA] AEZ =Rz &Frlo] o} A AFZA|
Z3l FARE U2 Ao AAR L UL, T A HH LS 2 W spotsol| thal FHF Y.

N
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X 33. control 15o] H|i3lo] ELneg 1&gt W3d 32 Z7}3} spots
control EL55 EL200 ELneg

SSP

Cv Ratio Cv Ratio Cv Ratio Ccv Ratio
2406 0. 00% 1 0. 00% 0.31 0. 00% 0.49 113.10% | 194.58
3504 0. 00% 1 0. 00% 0.31 0. 00% 0.27 131.70% | 183.94
7201 0.00% 1 0. 00% 0.3 0. 00% 0.26 0.00% 27.46
1304 0. 00% 1 0. 00% 0.05 0. 00% 0.83 133.70% 10.26
4102 0. 00% 1 0. 00% 0.5 0. 00% 1.94 0. 00% 6.34
1203 11.10% 1 0. 00% 0.01 0. 00% 0.01 46.10% 3.59
8202 96. 40% 1 0. 00% 1.32 74.50% 0.4 68. 50% 3.48
5503 65. 00% 1 54. 30% 1.34 51.50% 1.93 11.00% 3.45
7101 103. 70% 1 102. 40% 0.94 131.80% 0.89 51.30% 3.35
8102 0. 00% 1 0. 00% 0.26 0. 00% 0.23 0. 00% 3.33
2302 53.70% 1 0. 00% 0.54 89. 40% 0.56 76. 40% 3.28
3403 55. 40% 1 0. 00% 0.29 132. 20% 0.9 15.60% 3.19
1303 0. 00% 1 32.70% 1.01 34.70% 1.24 69. 90% 2.83
9010 0. 00% 1 0. 00% 0.22 0. 00% 0.19 0. 00% 2.79
8201 39. 50% 1 47.10% 1.44 118. 80% 0.98 116. 60% 2.73
8103 0. 00% 1 0. 00% 0 0.00% 0.1 49. 80% 2.73
3402 0. 00% 1 0. 00% 0 0.00% 0 111.80% 2.34
1505 54. 60% 1 0. 00% 0.01 0. 00% 1.35 0. 00% 2.08
3904 68. 10% 1 0. 00% 0.01 0. 00% 0.29 0. 00% 2.06
3001 0.00% 1 0. 00% 0.16 0.00% 0.14 0.00% 2.02
2303 20.10% 1 0. 00% 0.01 0. 00% 0 72.30% 1.94
1704 12.90% 1 102.10% 0.55 0. 00% 0.29 0. 00% 1.84
8301 2.20% 1 23. 50% 0.46 78.70% 0.9 61. 50% 1.76
7001 45.10% 1 21.20% 1.01 58. 00% 0.16 100. 90% 1.96
2303 20.10% 1 0. 00% 0.01 0. 00% 0 72.30% 1.94
5101 54, 80% 1 87. 50% 1.21 56. 80% 0.6 62.00% 1.86
1704 12.90% 1 102.10% 0.55 0. 00% 0.29 0. 00% 1.84
8301 2.20% 1 23. 50% 0.46 78.70% 0.9 61. 50% 1.76

- 108 -



X 34. control 15of v|x3le] ELSS 15t s Z52 =73t spots
control EL55 EL200 ELneg
SSP
Cv Ratio Cv Ratio Cv Ratio Cv Ratio
6202 0. 00% 1 0. 00% 7.7 0. 00% 0.02 0. 00% 1.42
8402 77.70% 1 49. 30% 3.38 28.30% 0.94 78. 60% 0.78
6201 8. 90% 1 35. 90% 2.57 0. 00% 0.07 0. 30% 0.55
2701 39. 30% 1 138. 70% 62.74 0. 00% 0.03 0. 00% 0.46
5102 0. 00% 1 0. 00% 5.13 0. 00% 0 0. 00% 0.43
3301 0. 00% 1 0. 00% 3.07 0. 00% 0.48 0. 00% 0.39
5806 0. 00% 1 0. 00% 11.8 0. 00% 0.02 0. 00% 0.29
8101 0.00% 1 90. 40% 3.26 56. 30% 1.19 77.30% 0.24
705 17.90% 1 0. 00% 2.58 6. 90% 0.34 0. 00% 0.21
6806 133. 30% 1 0. 00% 4.01 0. 00% 0 0.00% 0.06
6402 0. 00% 1 0. 00% 12.17 0. 00% 0 0. 00% 0.04
1102 57.10% 1 66. 50% 1.92 80. 00% 1.02 59. 60% 1.37
403 58. 30% 1 0. 00% 1.96 106. 50% 0.3 43.70% 1.17
5202 63. 80% 1 78.70% 1.76 80.10% 0.86 50. 70% 0.77
103 29. 00% 1 54.10% 1.53 81.50% 1.2 18. 50% 1.18
1402 7.70% 1 0. 00% 1.56 70. 50% 0.04 82.30% 0.69
4202 105. 70% 1 12.20% 1.67 0. 00% 0 13. 80% 0.33
3 35. control 159o] "]t EL200 21 5qt Wd ZF2 Z7]3t spots
control EL55 EL200 ELneg
SSP
Cv Ratio Cv Ratio Cv Ratio Cv Ratio

2501 0. 00% 1 0. 00% 0.01 27.80% 9.19 45.70% 1.32
5404 25. 80% 1 39. 20% 1.02 88. 30% 2.43 55. 30% 1.11
3204 0. 00% 1 0. 00% 0.01 0. 00% 2.03 98. 50% 1.63
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3 36. control 15o] H]|i35lo] ELneg®} ELS5 151t w3 =2 =713l spots
Ssp control EL55 EL200 ELneg
Cv Ratio Ccv Ratio Cv Ratio Cv Ratio
5204 0. 00% 1 116.20% | 137.15 0. 00% 0.27 113.10% | 194.58
3205 0. 00% 1 0. 00% 42.04 0. 00% 0.27 131.70% | 183.94
4602 0. 00% 1 121.70% 2.27 0. 00% 0.01 0. 00% 27.46
7202 7.50% 1 21.00% 5.49 57.50% 0.96 133.70% 10.26
7403 0. 00% 1 126.80% | 840.36 0. 00% 0.27 0. 00% 6.34
2703 0. 00% 1 0. 00% 206.75 0. 00% 0.27 46.10% 3.59
2405 0. 00% 1 84. 30% 7.76 0. 00% 1.25 68. 50% 3.48
3701 87.60% 1 170. 80% 2.91 24.30% 1.15 11.00% 3.45
707 13.10% 1 111.00% 6.27 71.90% 0.65 51. 30% 3.35
8104 89. 90% 1 0. 00% 3.79 14, 50% 0.32 0. 00% 3.33
7203 86. 70% 1 0. 00% 2.89 55.70% 1.47 15.60% 3.19
3 37. control 1§of H]5lo] ELneg®} EL200 151 w3 =2 Z 713t spots
Ssp control EL55 EL200 ELneg
Cv Ratio Ccv Ratio Cv Ratio Cv Ratio
2103 0. 00% 1 0. 00% 0.31 0. 00% 586. 24 42.60% 117.43
501 0. 00% 1 126. 60% 0.2 99.10% 42.82 0. 00% 3.24
102 54. 60% 1 120. 20% 0.31 102. 30% 5.03 112. 00% 3.18
3203 0. 00% 1 0. 00% 1.2 88. 40% 4.44 53.10% 3
2301 0. 00% 1 0. 00% 0 22.10% 2.02 105. 70% 2.83
3201 88. 50% 1 69. 20% 0.81 57.10% 2.17 94. 60% 2.09
3 38. control 1&of "] slo] ELS552} EL200 1 &5qt 3 3.2 Z 718t spots
control EL55 EL200 ELneg
SSP
Cv Ratio Ccv Ratio Cv Ratio Cv Ratio
6603 0. 00% 1 0. 00% 31.89 0. 00% 380.99 0. 00% 1.9
3505 100. 60% 1 81. 40% 6.01 57.40% 4.33 17.70% 1.16
5602 0. 00% 1 29.90% 2.79 0. 00% 2.09 0. 00% 0.29
3604 94. 20% 1 72. 80% 5.06 26.60% 1.81 0. 00% 0.64
2201 49. 30% 1 64.10% 1.68 100. 10% 1.74 70. 40% 1.28
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3 39. Control 150l u|a3lo] ELneg®} ELS5, EL200 15 B-F U3 Z-2 F7I3t spots
control EL55 EL200 ELneg

SSP

Ccv Ratio CvV Ratio Cv Ratio CvV Ratio
9502 0.00% 1 62.10% 11.49 0. 00% 25.92 65.10% 39.78
1503 0.00% 1 0.00% 2.24 100. 30% 9.86 22.80% 17.67
1201 54.60% 1 77.90% 3.48 2.00% 8.83 91.40% 5.65
1504 117. 30% 1 154. 60% 7.82 71.50% 4.79 142. 60% 3.83
104 3.90% 1 76.70% 5.94 87.40% 6.01 113. 40% 2.05
8005 64.50% 1 0.00% 1.96 71.90% 3.74 41.50% 2.45
2404 45.90% 1 77.10% 1.5 45. 40% 1.94 133. 80% 2.79
2205 72.40% 1 24.00% 1.51 104. 50% 2.06 84.70% 2.21
3502 110. 30% 1 103. 90% 2.51 32.00% 1.53 21.90% 1.86

3 40. control 150 H|Asled BE TOFojA ¥HIEI ¢ spots

sSSP control EL55 EL200 ELneg

Cv Ratio Ccv Ratio Ccv Ratio Cv Ratio
5003 0.00% 1 0. 00% 0.78 0. 00% 0.96 0.00% 1.46
4206 0.00% 1 0. 00% 0.01 0. 00% 0.01 65. 30% 1.42
1705 147. 40% 1 129.70% 0.18 0. 00% 0.15 81.50% 1.38
2502 90. 70% 1 69. 70% 0.43 104. 50% 1.02 54.70% 1.35
1403 0. 00% 1 54. 30% 0.21 0.00% 0 46.00% 1.34
3101 0.00% 1 8. 60% 1.31 0. 00% 0 9.50% 1.34
1104 35.40% 1 80. 80% 0.85 63. 30% 0.59 85.60% 1.28
4101 55. 80% 1 75. 50% 1.42 81.30% 0.89 66.00% 1.27
5002 114. 50% 1 7.50% 0.37 107.90% 0.26 99.20% 1.25
2603 74.70% 1 93. 50% 1.38 32.00% 0.64 43.60% 1.16
7003 0.00% 1 0. 00% 0.62 0. 00% 0.72 0.00% 1.15
5203 49. 40% 1 51.90% 1.25 83.90% 0.74 55. 80% 1.13
8006 0.00% 1 78. 40% 1.39 0. 00% 0.95 72.60% 0.98
2203 0.00% 1 0. 00% 0 0. 00% 0 14.50% 0.94
1604 75. 90% 1 54.60% 0.8 54.00% 0.13 89.20% 0.93
2102 86. 90% 1 128.10% 0.54 89. 80% 0.16 0.00% 0.92
8506 110. 00% 1 0. 00% 0.97 0. 00% 0 0.00% 0.92
1605 122. 80% 1 70. 50% 0.29 151.20% 0.52 127.80% 0.88
3202 62.80% 1 0. 00% 1.29 47.20% 0.51 86. 50% 0.88
6001 0.00% 1 1.00% 0.55 64.40% 0.41 0.00% 0.87
5401 0.00% 1 0. 00% 0 6.40% 1.18 0.00% 0.81
5703 0.00% 1 0. 00% 0 0. 00% 0 0.00% 0.74
3401 16. 30% 1 69. 80% 0.69 2.50% 0.42 97.90% 0.71
602 81.00% 1 149.40% 0.93 100. 60% 0.79 0.00% 0.7
1401 91. 50% 1 126. 80% 0.97 79.70% 0.58 102. 00% 0.69
4203 83.20% 1 86. 30% 0.94 26.30% 0.24 87.50% 0.65
3002 75.10% 1 0. 00% 0.48 93.50% 0.16 9.10% 0.63
4603 0.00% 1 0. 00% 0.01 0. 00% 0.65 10. 30% 0.55
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706 45, 30% 1 102.10% 1.04 9.30% 1.25 21.00% 0.51
5502 18. 20% 1 0. 00% 0.04 0. 00% 0.03 0.00% 0.47
404 96. 30% 1 157.90% 0.41 11.50% 0.23 89.60% 0.44
5201 72.70% 1 63. 30% 1.3 0. 00% 0.35 57.10% 0.43
2702 152. 30% 1 122.80% 0.19 51.40% 0.84 91.70% 0.4
201 68. 50% 1 31.50% 0.28 93.90% 0.95 118. 50% 0.39
2403 42.50% 1 0. 00% 0.98 0. 00% 0.24 81.80% 0.34
1701 129. 90% 1 111.00% 0.06 70.90% 0.12 0.00% 0.33
2401 88. 70% 1 83. 80% 1.48 65. 60% 0.71 150. 60% 0.3
502 0.00% 1 30. 90% 0.22 132.20% 0.44 2.20% 0.28
402 43. 60% 1 122.50% 0.4 135. 40% 0.36 47.90% 0.27
1202 66. 80% 1 30. 20% 0.52 81.90% 0.44 88.40% 0.23
301 0.00% 1 0. 00% 0.02 0. 00% 0.01 0.00% 0.21
604 29.20% 1 132. 30% 1.14 86.70% 1.72 52.50% 0.18
1301 0.00% 1 0. 00% 0.01 102. 30% 0.31 0.00% 0.18
2202 80. 00% 1 109. 70% 1.02 139. 20% 0.22 104, 20% 0.15
202 53. 20% 1 0. 00% 0.01 0. 00% 0.01 0.00% 0.14
7706 0. 00% 1 0. 00% 0.01 0. 00% 0.01 0. 00% 0.11
5805 0.00% 1 0. 00% 0.01 0. 00% 0.01 0.00% 0.1
7902 0.00% 1 0. 00% 1 0. 00% 0.01 0.00% 0.09
6601 31.60% 1 87.60% 0.65 0. 00% 0.01 0.00% 0.09
4201 34. 80% 1 50. 90% 0.49 0. 00% 0.57 40.10% 0.06
401 134. 50% 1 0. 00% 0.2 0. 00% 0 0.00% 0.05
2204 0.00% 1 0. 00% 0 0. 00% 0 0.00% 0.05
9501 99.10% 1 0. 00% 0 0. 00% 0.07 0. 00% 0.04
5705 107.10% 1 0. 00% 0 0. 00% 0 0.00% 0.01
6401 0.00% 1 0. 00% 0 0. 00% 0.41 0.00% 0
3 41. MALDI-TOF/MS ;r‘f'_—'}:]—,%— %—'3]] %Zg% ‘ﬂ"i‘!]"%
Snot Unique Seq. E tati
PO MW(Da)/pl Protein Name ID(NCBI) petides coverage Xpectation
No. value
detected (%)
alpha-1B-glycoprot tab
1504 54091/5.29 114053019 15 17 8.5e-014
ein precursor le 7
prepro complement tab
3201 188715/6. 41 83764016 6 3 6.41
component C3 le 5
complement tab
3502 63327/5.66 component C9 78369352 11 11 5.66 ] a 7
precursor ©
IgM heavy chain tab
3505 48512/5.68 2232299 9 16 5.68
constant region le 6
Chain A, Crystal
Structure Of tab
3604 68416/5.60 367460260 13 13 6.7e-016
Bovine Serum le 6
Albumin
Chain A, Crystal
Structure Of tab
5503 68416/5.60 367460260 20 23 3.4e-049
Bovine Serum le 1
Albumin
hlgGl heavy chain tab
8301 36510/6.09 7547266 10 24 2.7e-008
constant region le 1
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(2) 24 7hAt vk AAAe] @3 W <A profile H]iL &4
- WA JRAI MAP ™ AAE A whel FESte] (1) ELISA 274, &3 Wl
T 72 (2) ELISA S/P ratio »55: (3) ELISA S/P ratio > 200; (4) ¥|Ztd tf2Z, %

4 2Fo TSkl B MBS B

by 2

S WA U 4R BHE 8 2-DEE AT WALDI-TORAS B4E o) felal g
spots St 13 118).
) Con-tro]
p/
AT £2
R o N p——.
10
20\
J6
15 f
a4 [ |
L e N N N NN, B '
EL55 plasma EL 200 plasma
32 118. MAP ZHactA o] ofE A A A FA2] 2-D gel electrophoresis profiles W
image 2
- 2ulE e UMY NAES LI AES BolA] ¢l B ol A= ZHA| AL QU R] Qkot 7]
£2] ity o g = ghAsty] oYl E3L o] g3t A ES B T3l g FPo® +
& ulEToRA T2 Aol AES AL 4 Ut FR AVRALT ojAxT A}, 2
AE WP 2 AAE 2710 ARk Aelsh] 5] B ANE 2N B 4
S+ HiolentAE Tt FAS T3 W2 Hert vk Ul v izl H]
aste] ZHAvtAl] wiel FEH ¥ T g AEstedcHE 42).
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¥ 42. MALDI-TOF/MS 24& X3 A4S chala
Spo Uniaue Seauence
t va%?) Name ID(NCBI) | peptides | coverase E§Z?ﬁz' H| 2
No. p detected (%)
1| 93168 | Apolipoprotein | yoa30133N0 12 29 5.20E-05 | ELneg
2 | DO | Complement C3 | A0A4V2DAIL 18 9 0.00032 | Elneg
3 | LYES | Alpha-Z-macroglob | poqqyg 16 14 3.50E-03 | Elneg
4 | 300 | hleot tgﬁi‘vzegfi‘ijl“ 7547266 10 24 2.70E-08 | Elneg
5 | 15831 Transthyreti AOA4W2BU20 40 0.00024 | EL
/5.91 ransthyretin 5 . neg
6 | 1700 | Complement C3 | AOMW2CZ08 12 6 3. 00E-02 ELEEE?
134613 Aloha-2- ELneg 2}
7 /5.75 macroglobulin R9QSM8 20 19 1. 40E-04 EL55
Inter-aloha-trvos
g | 10162 in inhibitor F1MMD7 14 12 5. 00E-03 ELEEE?
: heavy chain
30258 Apolipoprotein ELneg 2}t
3 /5.71 | A-1 preproprotein V6FIAZ 13 56 8. 50E-20 EL200
34593 Complement ; _ ELneg 2}
10 /6. 68 component 3d Q693V9 20 48 1. 10E-20 EL200
188715 | preoro comolement ELneg 2}
11 /6. 41 component C3 83764016 6 3 6.41 EL200
48512 I1gM heavv chain ELneg 2}t
12 /5. 68 constant region 2232299 9 16 5.68 EL200
ELnes$}
13 | P09/ [Moha-18" Q2KJF1 12 23 2.40E-05 | ELSS.
. glycop EL200
N1 . ELneg 2}
14 | 42963 | Apolivovrotein V6F7X3 24 0.41 | 6.70E-24 | EL55.
: ' EL200
loha-1B-
54091 a : ELneg$}
15 glvcoorotein 114053019 15 17 8.50E-14
/5.29 precursor EL200
16 | 28200 Kallikrein G | AOAIR3UGP4 10 42 0.034 ELE“LGZ%%}
63327 complement ELneg 2}t
17 /5 66 component C9 78369352 11 11 5. 66 EL55.
: precursor EL200
18 | 1000 Umhg‘;ii;‘;gize‘i A0A301M3L6 9 2 7.90E-04 | Elneg
19 | BT Umh;ﬁii;‘fflized A0A301M3L6 7 13 0. 052 ELneg
20 | 107 U“Chiﬁi‘g;?gized A0A301M3L6 8 20 6.70E-07 | Elnee®

- 114 -




- 2 AFolA = VAP ZHETHAof el FA45tA Y proteomic profiled] A 3to] Adugt 3

- F 117F2] AA7E A= glen PCRI} ELISA A A3t 9l 4403 24Ha 7
=

%£.2] dlo] @u}H (Transthyretin, Alpha-2-macroglobulin, Alpha-1-beta glycoprotein?]
Y U =5 ZENA 2 v ZE Aol A ELISAZIH-S T3 Felstadct.

Z
s 12
©
offt
N
& 9

ot

Fof wet F 578 1F5e%
ZANAY AEEA U2 =

AE HENAT A&
dol AAES 4835192 Group DE PCRES 40| 2|7t ELISAZE ¥4 ¢l 7HAES 4183}
oJth. wpx]} Group EX PCRZ} ELISAZ} BT kel AAES Awsigict

E535latt. Group A= PCRZ} ELISAV} BF 24om QA+sd
oA AW steitt. Group B PCRZ} ELISAZ} BT 24 0]#]
=2bol A sttt Group C= PCRE 9Fdo]m ELISA

"
fr

- =
|

- 7 AN WAL AT FdsEel BRo| HMstAn MW ¥H HE U 7

biomarker£2] =% & MyBiosource A}2] ELISA kitE o] &3slo] SASIFTH IE 119).

- 2] A3} Alpha-2-macroglobulin = 2+ ZiA| 2} v A WA Alolofl A R el Aol &

Alpha-1-beta-glycoprotein (ng/ml)

ngom ThE 2 BA IF Aolel A2l ol HelF gl A F FF Hiol 2
ubA s 122 @R 7270 AR 28 7re] A3l Aol & Rolx| ehgron] WA U}

WA B AE Uelde] FEE B4sta gk

150 1000- 1%
E 800
1004 . 5 W - Y = . .
£ " . £ 100+ . .
c 60| * S .
= L]
504 - v 5 n L
& y ; 400 E 2 = - [
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33 119, MAP ZHATHAo] w2 QIS 2zt nloleniFA e WE U =

L}, 3 microRNA &4 7]¥t Xl dlo] e u}# wbd

TUAE U A4 TAY] A A g 23 AME HE
ZIZERH U iAol H O ZHE niRNAE FE2YT F+ A= 7IHE £HsIES. 7]
BE Uy o3RS zhzh ELISA oA fecal PCR 9F4, ELISA+fecal PCR % ok
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¥ 43. 4 358 83 Uy

Group A Group B Group C Group D
Fecal PCR 0 0 0 X
MAP isolation 0 0 X X
Serum ELISA 0 0 X X
Clinical sign 0 X X X
60xx 61xx 120xx 20x
60xx 70xx 130xx 5x
80xx 81xx 100xx 50x
100xx 100xx 101xx 4x
61xx 110xx 110xx 16x
130xx 3x
80xx 27x
NAHZ 91xx 22x
100xx 17x
Ox
21x
22x
18x
77xx
5x
Al 5 5 9 15
- Z+Z2+2] ¥& 1ml 25-E] miRNeasy Serum/Plasma kit (Qiagen, Germany)<S A}&3}o] miRNA
g 33 272 44 3. Y JESVH FRY Y niRE 7237 903

total volumeS &8 A columng AFE3sto] =3l WH S AFE3

. 83 200ul @ 1ml2] QIAzol reagent2} WF-EA|Z (3w HI-&HS 57 FH|3h)
2. Lysis @ separ‘atlon A F st columnof 4| 572 BISES BT RESA|Z
3. Washing step ¥ RNA ®==& Z3 I3l QC &4,
- B WEeRdE w23 W o B4 PESAS (23 120,

| WHIEVES =
| 2 R el
g 120, AE ¥H (52xx)°§—rE-] FZ3t RNA2] biocanalyzer w4]

- 116 -



Qiagen miRNeasy Serum/Plasma kitZE A& 6]-01] 1RNA§- FZ3}9i .

Do
W
e
b
e
ol
o
s
0o
=
o
c
*o
fllo
["_1..
e,
<
&
i)

44, MAP FBER &7
Groupl (PPP) Group2 (PPN) Group3 (PNN) Group4 (Control)
* Fecal PCR (+) * Fecal PCR (+) * Fecal PCR (+) * Fecal PCR (-)

* Serum ELISA (+) * Serum ELISA (+) * Serum ELISA (-) * Serum ELISA (-)

*Clinical sign (+) | *Clinical sign (-) | *Clinical sign (-) | *Clinical sign (-)

(3) miRNA-seq =4
- 3% 1212 o] Z+zZbe] dFollA HEH niRNAE ©]-83}e] sequencingS 133}

MIRNA-SEQ LIBRARY PREPARATION

R Eu— i % @ Isolate 5ug of total RNA
from your sample

TOTAL RNA ISOLATION

= . e [ e G Size fractionate total RNA

using denaturing PAGE

SIZE FRACTIONATION f.f"5= o o \ } —
P OH J/ N I — @ Select small RNA fraction

(17-25n4)

@ e G 0 3' adapter ligation
ADAPTOR LIGATION - -
— — G 5' adapter ligation
[— =_ = e Reverse franscribe RNA
— r—— =-.= sequences
RT & PCR == =
—_— —

@ PCR amplify sequences

W W m Flow Cell Attachment &
“IJ' # s Bridge Amplification
SEQUENCING® " i ;
|ﬂ _‘:,f 0 Annealing of Sequencing

Primers & Base extension

. . o Sequencing: Base Call,
TAAGTGCTTCCATGITTIGAGTGE

Deblock Extension,
Extension, Base Call

*lllumina sequencing method depicted however other sequencing platforms can also be used.

131 121. small RNA sequencing 2] A3 A

o

AR

t},
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(4) MicroRNA-sequencing A H. A
- miRNA-seq A= HEIR, A @ Hel, seed F WMol HAE AA mirdeep2E o] &35}
WS SASIGCE ol F Soldd miRNAE g-valuegd 7[ELE FEstrt. oAl
o] FHRIH miRNAS©] target st= AL BE AFE& $18A MICRORNA. ORG,
TARGETSCAN-WORM, TARGETSCAN-VERT 5 % 147} database ZAM& 3s}9is, 1 AE Z+

=t

miRNAZ} target 3t= §-Azfo] tfgt A RE AestadcH 2 122).

MIRNA-SEQ DATA ANALYSIS

| MIRNA ALIGNMENT ‘ | NOVEL MIRNA DISCOVERY

TAAGTGCTTCCATGTTTGAGTGT

TGAGGTAGTAGATTGAATAGTT .
essss Reads that do not align
) Reads that do not align

Read extension

Human genome s —
— v
reference sequence \ *Relative not to scale

- TGGCATTTGAGGTAGTAGTT TGT GCT GFT GCATACCGT .
Al

$

)

eg

) o
miRNA Abundance
B8 Observation of mature and
star strand expression
MIRNA B
ABUNDANCE 1 Il « ¥
QUANTIFICATION | 2 T e o
0 +— - K @ @ = —
miR-A miR-B miR-C miR-D —
. 5 ¥ ?
| DIFFERENTIAL EXPRESSION ‘ TARGET PREDICTION
R Expression /‘\
Ef Ribasome RISC
= o ORF —
R mANA ) e =
miR-D N
miR-C \
miR-A eSS bucue, quen

A!f “u _CL

Cancer1
Cancer2
Normal1
Normal2

a3 122, @A FHAF

(5) DEG &4
- RNA sequencingS F3to] 3ol A microRNA FA=}e] WA S FA315L, Differentially
Expressed Genes (DEG) &4& &3t 2} 258 W [ Aol & vl &4t
- microRNA A& t}&z} Zto] z3¥35}eitt.
Group 1: Control vs PPP (PCR(+), ELISA(+), Clinical sign(+))
Group 2: Control vs PPN (PCR(+), ELISA(+), Clinical sign(-))
Group 3: Control vs PNN (PCR(+), ELISA(-), Clinical sign(-))

Group 4: Control (PCR(-), ELISA(-), Clinical sign(-))

- 118 -



S 2} 23w RAA BRB AT BAY A, Relshl VR FAE
| Foldchange| = 1.5) & 7] 2.2 3}, 2 110712] microRNA 7} EQlE]

A
( %
104 & 109 7§, Group 20A] & 527H, Group 304 & 28747} §-2]d o7 wa s o}

T} o] ¥, Group

B0 o 75
O
GO
50

401 34
30 4

i(}h‘ .
HI

up down down down

The namer of DEGs

group I group 2 group 3

a2 123, 239 §oldow W33 microRNA 9] F

C 22 Groupd o ulmstel, 2 1Be] IO UG microRVA o FHEA
(clustering) Z 2}, Group 1 2} Group 2 2] microRNA & oFAlo] Group 3of H|3| F-AFSHA|
et

aroupd

40083

- 119 -



- Ao T WHH microRNAR] = ZEZH O T WdHo| Z7138F microRNAY 7}

23705, FEHLeR wdHo| ZhA3E microRNA o] =7} 53704 ct.

Up-regulation

Down-regulation

18

ad

= 125, 3o g W33 microRNA 2] venn diagram w24 Az}

- RT3} b2 ste] 2E LS E UdHo] Z718F microRNAS] EE& ti33} At}
£ 45, AA 2Fold FELE WA o] F7H microRNA 5 F
common group 1 group?2 group3

bta-miR-2332 0.113607 3. 582037 2.945898
bta-miR-382 0. 368268 0.227088 2.236736
bta-miR-494 0.428215 1.791525 0.995625
bta-miR-199a-5p 0.741219 1.582037 2.810116
bta-miR-18a 1.468747 1.689857 0.923874
bta-miR-20a 1. 599564 1.026478 0.679552
bta-miR-374a 1.728556 1.992032 2.009279
bta-miR-2284w 1. 799505 0.554163 1.134964
bta-miR-185 1.888713 0.767692 0.225842
bta-miR-345-3p 1.978204 1.611308 0.98128
bta-miR-16b 1.979996 0.037917 0.045297
bta-let-7c 2.108992 0.129444 0.148989
bta-miR-186 2.113343 0.669344 0.042253
bta-miR-2887 2.150467 2.487585 2.254279
bta-miR-339b 2.242266 1. 328566 0.848503
bta-let-7b 2.257771 0.366512 0.173442
bta-miR-451 2.357241 0. 38196 0.632151
bta-miR-363 2.491591 2.754906 3. 40585
bta-miR-16a 2.511152 0.42973 0.143089
bta-let-7g 2.521975 0. 804792 0.174119
bta-miR-218 3.136155 3.489076 0.338285
bta-miR-2457 3. 39531 1.992032 2.879603
bta-miR-374b 4.017182 3. 394767 2.696978
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- 23} Bla

st ZEFLE WURo

243t microRNAS] E52 ThE3} Zth

X 46. AA| I FoA FFoE wUdFPo] HAZt

icroRNA &=

common group 1 group?2 group3
bta-miR-483 -6.15745 -1.9764 -0. 46102
bta-miR-433 -5.83182 -3.70279 -0. 76641
bta-miR-346 -5.10471 -4.12648 -2.22904
bta-miR-485 -4.20832 -2.06182 -0. 63458
bta-miR-2426 -4.15729 -3.19653 -2.98364
bta-miR-2422 -4.12429 -1.27105 -1.63692
bta-miR-141 -4,01685 -2.22907 -1. 36506
bta-miR-452 -3. 85024 -1.78104 -2. 64627
bta-miR-495 -3.77509 -1.6647 -2.61488
bta-miR-92b -3.61059 -1. 62551 -0.26214
bta-miR-1249 -3.52786 -2.15274 -1.41275
bta-miR-2436-3p -3.47136 -2.32485 -1.24668
bta-miR-2474 -3.47136 -0. 00293 -0. 24668
bta-miR-381 -3.47136 -1. 45957 -2.24668
bta-miR-196a -3.45316 -2.07974 -2.42981
bta-miR-369-3p -3.42033 -0. 35737 -0. 89761
bta-miR-1306 -3.19234 -1.76169 -0. 68125
bta-miR-125a -3.1518 -1.74703 -0. 05455
bta-miR-129 -3.13104 -2. 8107 -1.72247
bta-miR-129-5p -3.13104 -2.8107 -1.72247
bta-miR-215 -3.0821 -0. 65046 -0. 36058
bta-miR-122 -2.96101 -1.22485 -0.03119
bta-miR-429 -2. 86065 -0.15493 -0. 0541
bta-miR-365-5p -2.85338 -2.42894 -0. 20359
bta-miR-197 -2. 80864 -1.39101 -0.71213
bta-miR-192 -2.73167 -0. 77065 -0.18766
bta-miR-195 -2.71026 -1.63874 -1.24986
bta-miR-655 -2.54335 -3. 58081 -3. 40628
bta-miR-677 -2.51761 -3. 4461 -1. 31078
bta-miR-504 -2.50254 -0. 85071 -0. 48055
bta-miR-2285b -2.49172 -0. 97536 -3.52283
bta-miR-3431 -2.44902 -0. 70335 -1.29154
bta-miR-147 -2. 44561 -3. 32485 -3. 24668
bta-miR-543 -2. 30298 -1. 40358 -0. 56798
bta-miR-184 -2.27661 -0.79473 -3. 37826
bta-miR-130a -2.25214 -1.056472 -2.44832
bta-miR-671 -2.2504 -2. 8746 -0. 0541
bta-miR-205 -2.13672 -0. 04976 -0. 36769
bta-miR-194 -2.09009 -0. 58482 -0. 60006
bta-miR-214 -1.97062 -0. 97657 -0. 39705
bta-miR-29b -1.90704 -0. 86311 -0.31116
bta-miR-124a -1.85217 -1. 32485 -3. 83164
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bta-miR-124b -1.85217 -1. 32485 -3.83164

bta-miR-193a-5p -1. 84236 -1.45184 -0. 33329
bta-miR-487b -1.72374 -0. 58075 -0. 32246
bta-miR-502a -1.72208 -1.9478 -2.18152
bta-miR-2340 -1.71026 -1.63874 -1. 59892
bta-miR-328 -1.6378 -0. 30585 -0. 44001
bta-miR-200b -1.58038 -0. 44712 -0. 4261

bta-miR-2389 -0. 84795 -1. 8746 -1.66171
bta-miR-33a -0.84374 -1. 45957 -2. 24668
bta-miR-2403 -0. 84276 -3. 35842 -0.01396
bta-miR-362-5p -0. 04966 -0.73989 -1.66171

- th2E3 vt 24 2FolA FF5 22 wUdo] F7I3 microRNAS] B3} Alel:

cheat gtk

B
0.0 25111523

=
g
o
2]

group
group3

bta-mR-2332
bta-mR-382
bta-nuR-494
bta-muR.-199a-5p
bta-nuR-18a
bta-mR-20a
bta-muR-3Ma
bta-muR- 2284w
bta-nuR-185
bta-muR-345-3p
bta-muR-ldb
bta-let-Tc
bta-nuR-136
bta-nuR-2887
bta-nuR-33%
bta-let-Th
bta-miR-451
bta-miR-363
bta-nuR-16a
bta-let-Tg
bta-miR-218
bta-nuR-2457
bta-nuf-374b

a7 126, A 2FolA F5oF Uy Fo| F713 microRNA o] g3} Ae|

- th2E Hlaste] 2t OFolA FFeR wUdo] ZhARE microRNAS] B3 el

the3t ZTh
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bta-miF-483
bta.muR-433

bta-maR-495
bia-miR-92b
bta-nuR-1249
bta-maR-24346-3p
bta-mdB-2474
bta-mR-381
bra-mF-196a
bta-nuF.-369-5p
bta-mdR-1306
bta-muB-125a
bta-moR-129
bta.ouR-129.5p
bta-miR-215
bta-miF.-122
Bbta-nuR-429
bta-muR-165-5p
bra-muR-197
bra-miR-192
hta-1miR-195
bta-miF.-655
bta-mdR-677
bta-mmP-504
bra-muP-2285h

bta-muF-3431
bra-ndB-147
bta-muR-543
bra-maR-184
bta-mP-130a
bra-maR-671
bta-maR-205
bra-mmR-194
bta-miR-214
bta-miR-29h
bra-mdR-124a
bra-maF-1240
bta-miF.-193a-5p
bta-ndF 4570
bta-maF-502a
bra-mmP-2340
bta-muR-328
bia-mdP-200b
bta-miF-2389
bra-miR-33a
bta-muP-2403
bra-mdR-362-5p

33 127, AA 3FoA FFoE UFFo] 7HAFE microRNA 2] EJ 3t el

(6) miRNA sequencing ZAZ} &4
-2, 3AIE AHATNNE £ AL ZATAEE Uro] A IS E] A]HA
HolE & #43to], x5 ¥H miRNAs (Differentially Expressed miRNAs) &S
elstodet (& 47).

X 47 NHA A2 79 F2] A5U3 miRNAs

Log2 fold change

Gene 1D Group A Group B Group C

bta-miR-374b 4.02 3.39 2.
bta-miR-2457 3.40 1.99 2.
bta-miR-218 3.14 3.49 0.
bta-let-7g 2.52 0.80 0.
bta-miR-16a 2.51 0.43 0.
bta-miR-363 2.49 2.75 3.
bta-miR-451 2.36 0.38 0.
bta-let-7b 2.26 0.37 0.
bta-miR-339b 2.24 1.33 0.
bta-miR-2887 2.15 2.49 2.
bta-miR-186 2.11 0.67 0.
bta-let-7c 2.11 0.13 0.
bta-miR-16b 1.98 0.04 0.
bta-miR-345-3p 1.98 1.61 0.
bta-miR-185 1.89 0.77 0.
bta-miR-2284w 1.80 0.55 1.
bta-miR-374a 1.73 1.99 2.
bta-miR-20a 1.60 1.03 0.
bta-miR-18a 1.47 1.69 0.
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bta-miR-199a-5p
bta-miR-494
bta-miR-382
bta-miR-2332
bta-miR-362-5p
bta-miR-2403
bta-miR-33a
bta-miR-2389
bta-miR-200b
bta-miR-328
bta-miR-2340
bta-miR-502a
bta-miR-487b
bta-miR-193a-5p
bta-miR-124a
bta-miR-124b
bta-miR-29b
bta-miR-214
bta-miR-194
bta-miR-205
bta-miR-671
bta-miR-130a
bta-miR-184
bta-miR-543
bta-miR-147
bta-miR-3431
bta-miR-2285b
bta-miR-504
bta-miR-677
bta-miR-655
bta-miR-195
bta-miR-192
bta-miR-197
bta-miR-365-5p
bta-miR-429
bta-miR-122
bta-miR-215
bta-miR-129
bta-miR-129-5p
bta-miR-125a
bta-miR-1306
bta-miR-369-3p
bta-miR-196a
bta-miR-2436-3p
bta-miR-2474
bta-miR-381
bta-miR-1249
bta-miR-92b
bta-miR-495
bta-miR-452
bta-miR-141
bta-miR-2422
bta-miR-2426
bta-miR-485

.74
.43
.37
11
.05
.84
.84
.85
.58
.64
.71
.72
.72
.84
.85
.85
91
.97
.09
.14
.25
.25
.28
.30
.45
.45
.49
.50
.52
.54
.71
.73
.81
.85
.86
.96
.08
.13
.13
.15
.19
.42
.45
.47
.47
.47
.53
.61
.78
.85
.02
12
.16
.21

.58
.79
. o)
.58
.74
.36
.46
. 87
.45
.31
. 64
.95
.58
.45
.32
.32
.86
.98
.58
.05
.87
.05
.79
.40
.32
.70
.98
.85
.45
.58
. 64
17
.39
.43
.15
.22
.65
.81
.81
.75
.76
.36
.08
.32
.00
. 46
.15
.63
. 66
.78
.23
.27
.20
.06

.81

00

.24
.95
.66
.01
.25
. 66
.43
.44
.60
.18
.32
.33
.83
.83
.31
.40
.60
.37
.05
.45
.38
.57
.25
.29
.52
.48
.31
.41
.25
.19
.71
.20
.05
.03
.36
.72
.72
.05
.68
.90
.43
.25
.25
.25
.41
.26
.61
.65
.37
. 64
.98
.63




bta-miR-346 -5.10 -4.13 -2.23
bta-miR-433 -5.83 -3.70 -0.77
bta-miR-483 -6.16 -1.98 -0. 46
bta-miR-133b -0. 36 -2.64 1.41
bta-miR-335 -1.55 -0.92 1.23
bta-miR-1 -4.78 -5.34 1.20
bta-miR-454 -0.04 -2.03 1.16
bta-miR-133a -3.42 -4,21 0.88
bta-miR-362-3p -4.32 -3.36 0.67
bta-miR-206 -4.55 -6.00 0.63
bta-miR-885 -3.68 -1.45 0.57
bta-miR-210 -2.24 -0.89 0.49
bta-miR-10b -1.73 -0, 34 0.38
bta-miR-323 -2.97 -2.75 0.23
bta-miR-30a-5p -2.11 -0.73 0.21
bta-miR-100 -1.77 -0.18 0.17
bta-miR-499 -2.22 -3.41 0.16
bta-miR-99b -2.10 -0. 66 0.08
bta-miR-139 -1.58 -0. 31 0.05
bta-miR-30f -1.86 -0. 47 0.01
bta-miR-375 -3.22 -1.02 0.01
bta-miR-221 1.65 0.34 -0. 38
bta-miR-502b 2.28 1.33 -0.60
bta-miR-20b 0.89 1.68 -0.60
bta-miR-146a 0.45 2.11 -1.31
bta-miR-143 -1.59 0.20 -0.10
bta-miR-200a -1.90 0.14 -0. 49
bta-miR-874 -1.70 0.12 -0.24
bta-miR-211 -1, 81 0.08 -0.21
bta-miR-200c -2.32 0.02 -0.76
bta-miR-199b 0.26 -1.59 0.71
bta-let-7i 1.90 -0.19 -0.03
bta-miR-144 1.88 -0. 66 -0.02
bta-miR-98 1.77 -0. 44 -0. 44
bta-miR-2885 0.74 -2.39 -0.49
bta-miR-2346 0.29 -2.96 -1.21
bta-miR-380-3p -0. 01 1.89 1.58

- Fu|StA A UHHA (| Foldchange| = 1.5) miRNAsE F BE 7€ 3F (Group A, B and

C)ollH ZFEHOZ 2u) o4t wH Wl LR 8712] miRNAs

(3£ 48).

=]
=
=2

FRZoE AAstart
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Log2 fold change

miRNA
Group A Group B Group C
bta-miR-363 2.49 2.75 3.41
bta-miR-374b 4,02 3.39 2.70
bta-miR-2887 2.15 2.49 2.25
bta-miR-147 -2.45 -3.32 -3.25
bta-miR-196a -3.45 -2.08 -2.43
bta-miR-346 -5.10 -4.13 -2.23
bta-miR-655 -2.54 -3.58 -3.41
bta-miR-2426 -4.16 -3.20 -2.98

(7) miRNAS] E} R-AZ} 76 H UEHZ &4
- diolent| FHFQ 8712 25U miRNAs 2] B}l {-HAHEE TargetScan tool&
L2 oFstolrt.

1

o]-83}o] cumulative weighted context++ score < —0.2 7|

- A2}A S F upregulated miRNAs (bta-miR-363, bta-miR-374b, bta-miR-2887)2 =
12407§2] 5-A =}, downregulated miRNAs (bta-miR-147, bta-miR-196a, bta-miR-346,
bta-miR-655, bta-miR-2426)Z & 1022718 FAAE o Sstalct.

- o|&H FAHAEL 22}¢] toolQl PANTHER classification systemS ©]-£3}o] gene
ontologyS #4151l 2, DAVID bioinformatics toolS ©]£3%}o] KEGG pathway +=4]-E
AL,

- Gene ontology 4] ZZ}, upregulated miRNAs®} downregulated miRNAs= molecular
function} biological processesol|A]l Ztz 87§12} 20702] termES BH.oJFdT (& 128).
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Molecular functions
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behavior
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to sti 1
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signali
growth
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immune system process
biological adhesion
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H
localization Ey———
i
=
e

reproduction

cellular process

multicellular organismal process
developmental process |

0 100 200 300 400 500 600 700

Number of genes

i Upregulated miRNAs & Downregulated miRNAs

g 128, ulolentA FRFE2] Gene ontology w4 2z}

- G0 A& 283t A2} molecular function F+= binding, catalytic activity %
molecular function regulator So] H&E o] 91221, Biological processesof A=
F= cellular process™ metabolic process®} o] | E o] Q= HAE I +

a1ieh.

- KEGG pathway 4] Z 2}, upregulated miRNAsE F 2 PI3K-Akt, Ras, cAMP2} ZHe
signaling pathways&& E}35}9l 2, downregulated miRNAs®] 74-9-of= MAPK, Ras,
Rapl, Wnt 2} Z2 signaling pathways&& EPATZES FHstglrt (L& 129).
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Upregulated miRNAs

35 0.06
30 0.05
25 0.04
20
is 0.03
ib 0.02
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% o,
o
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*k"?‘if <
E
-QQ"
&
20 0.06
18
16 0.05
14
L 0.04
10 0.03
8
6 0.02
4
3 0.01
0 0
S
&
&

w Gene counts OP. value

3% 129, uiolentA| FHIFE2] KEGG pathway 4 Az}
Ingenuity pathway analysis (IPA) toolS ©]|-83}o] X miRNAs2} H#EH F-AxE2]

UENZ 24& gsisict

9l ol ol gl £UAT|oA A=
=
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miR-363-5p (and other rfARAS wiseed GGGUGGA)

a7 130. MAP ¥ 152 FE5Ud niRNAsE FAH4H JYEYA

- ulolentA FE niRAsES qRI-PRE Fsto] AA £ wdg Hstart

- ANRA S0 ZE = 47012] miRNAs7} sequencing datal] W& 22} A X|sl= RS BTt o]
% bta-miR-374b, bta-miR-28872] 7% UAH7]Ql Group AoA &HU FoHoZ Wil
Z 7}l 20, bta-miR-147, bta-miR-3462] ZA-F-oll= F£UAL7]Q] Group B2} Group Coll A
oo wEo] ZHAH ZE el & 4 gt (¥ 131).
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O
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7}.

(1)

MAP S N O TE I EHEOMN A
AERRT BE WP HAPAA FuF £2

o]
WP WAL Y QA B FHT 25

- PubMed?} Google Scholar?] do]Ejwo] Aof A mycobacteriadl|A] Al HYPAAIXIES Z

At TRILS 251322} 1S, A F|YEZE (Non-tuberculous mycobacteria))
or <{Mycobacterium aviumpy 18]3 <<Biomarker>>, <<Biomarkers)>>, <<Cytokines>>,
{Genes)>>, <{KProteins>> or <{Metabolites)>> & 3}3 2000 & 2018 % A}o]o] &3t
H 2 SRES AT 98 VIESE BEUE EAE A= PubMed F 4,0377H, Google
Scholar F 8,93071 o|m, 53 W A x|z A3 A, A =& TS A+
A o] gt filtering stil FEE HelF Y. Publedor] BHH 8 g[2EE=Tw

53 (Supplementary data 1). 4 @7} AN EHEE &

Axpoll thsto] & 10 FAIT.

&z GEO databaseof|A] stress environments (hypoxic, acidic, nutrient deficiency,
and oxidative stress) L} invasive ability 5¢] A¥ ZXZHALZF transcriptional,
metabolic analysisS 3t FRE ZAAEYU E FA dAFlE= 2]2] PubMed®} Google
Scholar M= EHelH -9 Bt E GEO assession HIE ZFrol FAof Z3d 4= 9)
=. EZ A HAg 1AL U biomarker #H [FHA= F W &3 {FAXI AAH Flof
= ]

2 5 W 35 AAE o] Felstn BEY oY

A

3t mycobacteria Aol ofe APTAE Zt=dl 2 &AL 7
o nhAS] mRNA RS ZASET olslake Aol 72T} Y 4 AR 2elstel £ o
oAl MAP ZF3¥ A HHE x}835}o] Th-1 type chemokines@l CXCR3, CCL4, CCL5, CXCL9,
CXCL10 % CXCL11<& IGRA (interferon (IFN) -y release assay)ol & -23}o] 3 7}3t MAP
2 Aol uhel 573 4 30ube] AL 22| ste] MAP (1x10'cfu/ml) & 2}F3EaL 204
7t ¥ RNAE Ee|3}o] quantitative RT-PCRE A A3}l 3L, B Ao o] &%t primers= ¥
20 g 2 Azfoll R IPN-yE WP ol H UG BUT ANTAN FAHeT 3
7}kl s, CCLGLE CXCL10-Z MAPo] AEE|& ZfAlolA &

!
o] Z7}sle] subclinical stage?] IS Aot o] 8F 4 S A0 T J|= YL
(2% 132).
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1FM-4

FN-y

N~

% 132, MAPE =x}=38t

CXCR3

CXCRI

CXCR3

Ao A2 Thl-type chemokine?] A=} Uq W3} 4

CCL4

CCL4

cCL4

CCLS

CXCLE

CXcLio

CcCLS

CCLS

CXCLY

CxCLe

CXCL10

CXCcL10

CXCLN

CXCLM

CXCLn

O Negative
B Group 1
B Group 2
0 Group 3

ONagative
BELISA-
BELISA+-
BELISALS
BELISAI00
WELISAZO)

O Negative
aMAP-
OMAP+
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3 49. Mycobacterium ## A FZHE] F=3l biomarker FREZ gAE

Gene Target Type of study S?ﬂg;fs :;?;g?; Description Reference
non-stimul
ELISA ated PBMC
IFN-y MAP RT-PCR whole Cow 45, 46, 47
blood
24-48 months of
age
1L-5 .. MAP-ELISA
GATA3 subclfn1ca IFN-r response
1L-4 . non-stimul . Intermittent and
TIMP1 MAP Gene expression ated PRMC MAP—égfect low-level 48
TIMP2 cos baqterlal
MMP14 shedding («100
CFU) in fecal
culture
subclinica immunological
CD30L non-stimul 1 responses in
P-selec MAP Gene expression ated MAP-infect subclinical 49
tin leukocytes ed MAP-infected
cows cows
CXCL10.
CSF3.
and
CCL8
RSAD2. nonocyte-d red deer
IFITL. o rived Red deer genotypicallyv
IFIT2. MAP Gene expression nacrodh (Cervus resistant or 50
1SG12 age elaphus) susceptible to
. MAP
1SG15.
USP18.
and
HERC6
1L-2
1L-9 immunological
1L-13 active TB. responses in
ELISA whole Human .
1L-17 LTBI. and ELISpot blood (Children) children at 3. 8 51
TNF-a NTM years post-BCG
sCD40L vaccination
VEGF-A
. Evaluating
1L-17 non-stimul .
osteono MAP ELISA ated PRIC Cow inflamnatory 47
nin plasma JD-positive cows

3 50. RT-PCRoj] A}-£H primer |AE

Gene Sequence (5'-37)
Forward CAAATTCCGGTGGATGATCTGC
TFN=y Reverse GGCAGGAGGACCATTACGTT
Forward ACATAGCCAAGTCGGTCACG
Cxer3 Reverse CTCGGAACTTGACACCCACA
Forward CCCAGCCAGCTGTGGTATTC
CCL4 Reverse CTCGGAGCAGCTCAGTTCAA
Forward CTTCTGCCTCCCCATATGCC
CCLS Reverse ACTTCTTCTCTGGGTTGGCG
Forward CTCTGACTGGAGTTCAAGGAGT
Cxel9 Reverse TCCCTTGGCTGGTGTTGATG
Forward CCACGTGTCGAGATTATTGCC
Cxel10 Reverse TGCCTCTTTCCGTGTTCGAG
Forward AAGCATGAGTGTGAAGGGCA
Cxelll Reverse AGGGAAACCTTGAACAATTGCAG
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UF HE REAE ol 8T BdEol F A
|22 S F M avium subsp. paratuberculosis strain K-10 whole genome sequenceZ H}
= AT TR HAd Aol ta Bade] F2 AYsiu, 2 @7 ¥R
AAZIA ASHOR WP BAOIFE AFstel £ W ALl AT o
%!, pYUB854 suttle vectorE o|-&3}od tfq] {-HX} A (allelic-exchange) WS A&
stol AW WY, WURHAE AEAIY B HO|F A LB ohlzh T WU
£ pVV16 mycobacterial expression vector (pvvl6)ol SZ Y3} M. smgematis mc2o
transformationd}o] overexpression mutant& A4S}l o]} FA|of 2R3 ¢ A
Astel wY 18 53t B AFY ¢ Yo B ATV W aviwd ¥R
Ho] Tt ot 98 AT Qem,
B

Aol g BdYelF AL 9%

non-tuberculous mycobacteria MES& 2 Z¢iHo| A
T}E NTMof| H]Sto] MAPL] ujoko] 7ithE L AJthA] zho]

MAP EFFE FoFsfe} vfjor Wl NSl AMEIZQ,

G A7 TR U4 HAA] iR el F8 Aeln, B A73tA HFUA
2] A A O 2 MAP FARo|F5 A Ztsto] £33 W AR AR AZY o, 2 A7
o] o]&fE pNitET-SacB-kan vector+= mycobacterial geneo] Z|ZXUE + U=
recombinaseE AH|ZL3l= FHOoFE, E  vectorE o|&3ld ¥l [FAHR I

(allelic-exchange) W o2 F2|n| gene list7} HHET AR |F A2 oH 4.

o 4

B vectorE MAP 2& A MAP R} ujod 7| 7to] B 22 M avium E2] TIE o}E<l i,
avium subsp. hominissuis (MAH) 104 & o|&3}o] A&l transformation 2 &3l
8} pNiET-sacB-kan plasmid®] selective marker! kanamycin resistance gene3} sacB
geneS ©]|8£3lo] transformation HE =lslgdS. pNiET-sacB-kan vectorZ}
transformation & kanamycin WlZ|]ol|A] Z}2}3L, Knock-out constructZ transformation

& recombinaseS 7}% pNiET-sacB-kan vector = sucrose & 7}H njz|o]|A] AAIEA

e
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10,805} Scal

{10,700} BspSI Bstal (138

sSgrol (2201

(9679) Fspl Aarl (1177)

BstAPI (1183}
78) Ascl

9330) Kfll

(9226) Awrll Pmil (1582)

BstEN (1636)

srfl (1833)

18793 Mlul Mrel (1584)

\ PSpOMI (2165}
-~ Apal (2172)
Bmri (2285)

PNitET-SacB-kan
10,808 bp

Aflll (2862)

SexAl (3005)
(7611} BStZ171
Bpml (3366}

Alel (3530

(68342) Psil
(6798) BsrGl

(s631) PfMI Sspl 5293)

%! 133. MAP Z¢o|F A Zlo]| o]-84 pNitET-SacB-kan vector map

transformation ZZS s}yl 93t #¥HS o2 LS. MAH 104 #+FE
7H10-ADS-glycine (Agar) uwjx|of Fof 7¥Zt wjefstal AA x| AAHSE 9|8l
7H9-ADS-Glycine (Broth) ujx]o] &AE. ©o]|F 0D(600nm)=0.4-0.6 =SPH Glycine
1.5% EZA|FA 24A17F o wjersta #2 +A4357] 9180 centrifuge (8000rpm, 10min,
28% )8t ¥ u|g] prewarmed 10% GlycineviA|Z 3H M=ASt2 5ml viR|o] F-/-AF
vector 2} 412 F electroporation ZI8Y3t ZA| 10ml2] 7HI-ADS-glycine (Broth) nj
Zlofl &7 24h wjFst ¥ FE FAHB}o] T7H10-ADS-Glycine (Agar) control /
7H10-ADS-Glycine-KM (Agar) selective Bjz|of Z]Anjof uwlz} HE3E,

electroporation voltage (kv) (1.25, 2.5, 3.0 kv) ¥ vector % (5, 10 ug/ul)d]
u}E  transformation TSES FQIsE (%! 134, 135, 136, 137). Electroporation
voltage (kv)= 18! ofix] HXo| 2. b5kvollA 2 UE &l &4 9JadS. 3l vector

£ =0 vlEshA] il Sug/uldld FEUZE B4 H ZAE FAsIEE (¥
137). IE3} recombinase W& 2] &l W o]F transformation QIS 9|3 5% sucrose
7L THIO wiR|ollA ufeFsto] wieF 5-7A7EA| o] AehA] &S HAUstAS (23
138).

- g ]E-_ B x| 8] Glycine 72} 3l5=2] vector A& transformationd TES
12 AAufR]of] QtAZIA|F]= 71 EZF transformation E&o] FLUS =
How g}-o]g-

F7h
Al
E
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=pNIET-sacB-kan> TH10-kan (selective) =71 1.25kv

10(-1)
<pNiET-saeB-kan> 7H10 (Centrol), = 1.25kv

10(-2)

10(-1) 10(-2)

%! 134. Electroporation voltage (kv) (1.25 kv)o] o}£ pNiET-sacB-kan vector?]
transformation X7 3!

<pMNIET-sacB-kan> TH10-kan (selective) Z= 7 2.5kv

10(-2)

% 135. Electroporation voltage (kv) (2.5 kv)ol o} pNiET-sacB-kan vector?]
transformation X7 3!

<pNiET-sacB-kan> 7H10-kan (selective) = 3.0kv

— = =
> NHe-eny
FReEV \
o=ty A

oy 10(-1) 10(-2)
<pNiET-sacB-kan> 7H10 (Control), =7 3.0kv

2oy 10(-2) 10(-2)

%) 136. Electroporation voltage (kv) (3.0 kv)ol] @} pNiET-sacB-kan vector?]

transformation X7 =l
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<pNiET-sacB-kan> TH10-kan (selective) =71 2.5kv , plasmid : 5/ 10ug/ul

7

= 137. pNiET-sacB-kan vector %% (5, 10 ug/ul) o] @}Z transformation ZZ
o)

- 7H10-KM-sucrose agar B X|0j A 20!

Sucrose £ (7Y Hi2H Sucrose TH (S 812

231 138. pNiET-sacB-kan vector transformation § 7H10-KM-sucrose ulx]ojj A &<l

- 22 A 2o] o]o] A alleilic exchange 7| & o] &3t Z¢dWHo|F A2 W] 71307
CRISPR-Cas97|Wt EARo] A7 & F7I=2 F533Th

- 7|2 0% M avium subsp. paratuberculosis strain K-10 whole genome sequenceE H}
wog A TR 4ed FHAlel tig Bdvo] 78 Azksh, £ A7 HEIA
2| A &H o7 MAP ol F5 A Zste] £ W MR AFd ogolrt. & &
F-of o]- &= pLJRI62 Z pLJRI6S plasmid+ mycobacteria L] S [FAR} g7 dof &
oo = AYst A YIS JAT + UEF M HEE & vectorE ©]E3}o]
Ae|AH-7kA9 9A (CRISPRi) 7| LoZ ZdHo|FE #|2staxt g
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Pret
Transcriptional
dcasd
= —e interference
P ret
] P_"‘"ﬁ‘ﬂ"‘qI - MRNA — IIJ.ETII I
v ! - PN T
targeting dCas9
Adapied from Petors et 8l 2016

region handle

Block transcription initiation: NT or T strand
Block transcription elongation:  NT strand

3 139. CRISPR-dCas9E 7|¥ke & SH= -§Ax} U3 oA 7]ye] 2g7]A

2018y

«
ccccc

PLJRIE2

(5350) BamHI

Asct - mssrin (522

SeHol7 Aol o}89

pLJRI62 vector map

31 140. MAP F¥Ho S A Zjo]| o]-&H gl 141, MAP
pLJRI6S vector map

- 71E& =2olA U=EH F8AE F mycobacteria®] Bé° 71342 AHH Jlso] F8EAAL
28z et s F2% JUS T o oiE = FHAAES ZAste] =4

ol Aol viat fAAE A4 stelch
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51. WP EdWolF A% A% thy fAA An
Locus _
Gene name Function Eo] A}3}
tag
Stress ZZlojjA W=
MAP2541c Mdh TCA cycleo]] 3o N | ‘]_ 4 . =
TR A B3t
hypothetical Nuclei id bindi Thl ¥F-e F%, FX|AAME
VAP1981c ypothetica ucleic acid binding 2 T ‘—r ] AFA
protein protein =431
fo]xl—%:l 7]—0:1 7 j-]o{,\ IFN-
MAP3893c PknG Protein kinase wEee = ZHAlelA ¥
pu| -1 o .
38 TE
MAP3961 Icl TCA cycleo]] o Mtbol|A] A3 ] A& %‘-B_
g 2]'0'" ‘-'_E.I—l_"‘l ]’
MAP2693 F TCA cycleo] 2 N
um cycleo] #of Asold W3 el
mycobacteria®] THr} =
enoyl-CoA d aLal A ZEH Folx] JhA 2]
MAP1197 hvdrat Z|B}x12] beta A7} st areat
ratase 2 5 ] -2
4 oxidationo]] 3o © ° °"
hypothetical
MAP2121c P ) major membrane protein | 72 ZiA] X} ZFSHA #EE
protein
acyl-CoA mycobacteria®] thA} & MAP specific, Stress
MAP3651c dehydrogenase Z]|BFxt2] beta BANA U, xjd @AY
family protein oxidationo] o Z+ad 7iA ]/\'] oMl =
ornithine
amino acid arginine MAP specific, 343 72+
MAP1365 carbamoyl N
ghdof o A ()M TFN-y B8 F=
transferase
membraneo]| ] E3Z2 Mtb2] mouse 7+ R Hofx
MAP0O76 mmpL4 In =2 * iR IA
transporto] Fof HEY AxE 2HE-
LAM biosynthesis o]
MAP0232c embC 2ol Mtbe] F ] A& "H4A
- AR FRAAES i eE WA YA FdvolF A2 #g ZefolHE t]xIIst] A
gajodrt Construct A% L B UWE Ay zARY FHe chedt ok wA
pLJRI62, pLJRI6S plasmidE A A|s}o] £H|5t3L, Z} plasmid 2ugES NEB buffer 3.1 &
Bubl A TEASH Tl T § 55CelA 547 Bt WIAATE o] F AIAE @ ¥

=
=

Solrnl= 320 goh AASGT 2 Zefolw &
95CoA 5F Tt 7Hdstda 1
T}. Annealing H Zzflo|m &} A|gtE A He|H
Ht-&-5 2ulE E coli DHIOB/R competnent

kanamycin-LB plateo]] =2 3t %] 37CollA

ERUSIE
cello]
Borstol 220l

annealing buffer2} 7] =313t

gelstaict.

T

13
T 2o A M A3 WZEAA annealinge] =5 313
ZE ligation 3}993 ligation®

transformation 3}git}t, o] F
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¥ 52. BQUF AYS AW Tajoln] B
Primer name Primer sequence (5 to 3’)
MAP2541c 145F GGGAGCCGATCTCGACGCCGGACAGCAG
MAP2541c 145R AAACCTGCTGTCCGGCGTCGAGATCGGC
MAP2541c¢ CtrlF GGGAGGTTGTGGTCCAGGCGGGTCAGC
MAP2541c¢ CtrlR AAACGCTGACCCGCCTGGACCACAACC
MAP1981c 216F GGGAGACCGGACCCCTTGACCCGCA
MAP1981c 216R AAACTGCGGGTCAAGGGGTCCGGTC
MAP1981c CtrlF GGGAGCACCACGTCGTCCTCGGCGGCC
MAP1981c CtrlR AAACGGCCGCCGAGGACGACGTGGTGC
MAP3893c 216F GGGAGCCCCACCGGTTTGCCGCAGTTCCA
MAP3893c 216R AAACTGGAACTGCGGCAAACCGGTGGGGC
MAP3893c CtrlF GGGAGGTTCCGGCTGCTCGCTCTT
MAP3893c CtrlR AAACAAGAGCGAGCAGCCGGAACC
MAP3961 216F GGGACTCGAGGCCGTTACGGACCCG
MAP3961 216R AAACCGGGTCCGTAACGGCCTCGAG
MAP3961 CtrlF GGGATGTTGCCGGTCAGGGCGCCC
MAP3961 CtrlR AAACGGGCGCCCTGACCGGCAACA
MAP2693 145F GGGAGTTCCAGGCCCCGGCCCGAGAT
MAP2693 145R AAACATCTCGGGCCGGGGCCTGGAAC
MAP2693 CtrlF GGGAGACCACGGTGTGCCACTCGC
MAP2693 CtrlR AAACGCGAGTGGCACACCGTGGTC
MAP1197 216F GGGAGCGGACTTGTGGTCGGCGCCCGA
MAP1197 216R AAACTCGGGCGCCGACCACAAGTCCGC
MAP1197 CtrlF GGGAGATCCGCGCGGCGATGGCGTAG
MAP1197 CtrlR AAACCTACGCCATCGCCGCGCGGATC
(1) A7 BUH FAAS o8 BaHo] A W By B
- 1B HRWEEEoIA HU3 BEY FUA 1718 HAshe] RSl HET
AAES AOE WHAH SAMolF AHL 913 Tefoln E Tixtlste] AL
(3 53). o]F t]A}IH Zefo|m U plasmidE ©]-&3}o] constructE A 251l o] A&
12} 22 E coli DH5acompetent cello] cloning 31912
- Constuct?7} XESFH E coli DH5aE uleF F plasmidE AASIE o|& M  avium

= (]
Bl ¥ 3He .

=

=

4-6% w1} F ek
ThAl 4-65 Bt ujobshal g

PCRE 33}t plasmid®] E2HE &

kanamycino] 3

5 4ol

PRI A=~k
HEO=E=

ol

ol F Alzbo] ik

[e}

paratuberculosis K10 competent cello] electroporation &t T} 37ColA 4-65 Z¢Qt
¥ 7HI brothe] HE351aL o]

H 2FES o
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F 53. CRISPRi mutant AH]Z}1S 1% MAPR] M3 A FAx A3 43

Locus tag Gene Function 50| Abg A&
Malate Catalyzes the = 24 ofl A
MAP2541c dehydrogenase interconversion between Skres *D‘E;!l"é’-l;l sl
(mdh) malate and oxaloacetate
Enoyl-CoA Sixiol WAl
MAP1197 hydratase Cholesterol catabaolism 249 E@% :tﬂ Lﬂgﬁg 3
(ech) =
Acy-Gol el 1
MAP3BES51c dehydrogenase Cholesterol catabolism Stm; x ‘E[Ug_‘ j‘-‘rﬂiﬁ 22 ;EH o
fadE3 =
H{:th } [ Thi B R 0 a&d gxo|
MAP1981c L i DNA-binding protein - B} map 2 Z0j A
protein DC B4 % D1l 9 A4 0l
Hypothetical . . Su4E 49 7 28
MAP2121c protein Major membrane protein 2181 HhR
Ornithing Production of citrulline from | =& &8 2V 74 H of| M
PR Eatancy: carbamoyl phosphate PNy S E B2
transferase (argF)
MaAP3go3c | ProteinkinaseG | inhibition of phagosome- F=YaE ZFHol M
(pknG) lysosome fusion IFNy 88 R
4 Catalyze the conversion o =
MAP3961 '“""tﬁé‘: hynse betweenisocitrateand | M 4 E;H Ca b
glyoxylate
Eiinaiate Catalyze the conversion O A AISIO| A 21 A
MAP2693 between fumarate and =
(Fum) of g
malate
Membrane major 22| dEH B+ SEHA &
MAP364lc | proteinlarge 3 Cell wall biogenesis | Oxidative stress/hypouia®l {g%%“jé"%ﬁf‘
i} .
v Ir:rnnl-ai ] ghE stressO] ¥12)
embrane major
oA X B
MAPDOT76 protein large 4 Efflux pump Mthﬁl ,t;-m xﬁfﬂ' 5.1 C
(mmpLd) -
ES
MAPO232¢ embC Cell wall biogenesis i %g _IAI:H&J =0
Mycolate synthesis o H}
MAP4265 groEL1 Bl Ryl Oxidative stressOff 2 &

2]

p Y

- 28 A (mdh, ech, fadE3, MAP198lc, MAP2121c, MAP1365, pknG)i ZFolA 7]%o] W
B AAtolAAM MAP ZEdolld Yl E Bl mHAERE A%

shol .

- 245 B (icl, fum, mmpL3, mmpL4, embC, groELl)= ZA¥ oA 7|50 Brezl ®elded=
o]iL FE stresso]] RE-&St= FAASEE VAP ¥l 7ol M = A o] o7 3| wd
22 42 FAAEE AFshd s
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123 456178910

KERT |

- -

#

15 1617 18 19 20 21 22

B

CRISPRS plasmid specific PCR

110 PLIRSSS*MAP il MAP transdormants
11.20 PLIRISSMAP 1881 c MAP ransforrmants
2n

n Magatve control (W)

m'224567 8310
-

s S eE S -

i

1516 17 18 19 20 21 22

(g
€ oo

CRISPR plaumid specific PCR
W PLIRSES*MAP mmpd 3 MAP Farsformants

1)\\ PLIRISS+MAP mumgd 4 MAP trunsdormants

n Postve control (PL JN‘R‘J‘-H'MLS vatne Bng)

a2 MNegatres corrol (DW)

12 345067 8

==
-

-

i«

H

CRISPR plsamid spscific PCR

18 PLIRSAS-MAP mah MAP transformants

10 PLIRSES*MAP phrmG MAP trarmilormares

1 Pesdrve control [PLIRSEI +mmal] wector Bng)
18 Negate contred (OW)

a3 142, A ZH MAP mutanto]A] CRISPRi

- A2 13F2] VAP mutantE 0D600=0.5 B=7}z| ufokst
anhydrotetracycline (ATC)o] #7}¥ 7HI0 agar®}t & 71% #]
a4 Badslel WE F e

7} 247l A=
ket #=

[e2are]

PaRi € oo

1121314

Postre control (PLIRGE2 smampl 3 vecto: Bng)

1132 12 14

"

* —_
MR bl Ll L L L

e AL

1 2345 678 9101112131415

B e -
16 17 18 19 20 21 22 23 24 25 26
m P o e ————— ——

9 10 1112 1314 1516 17 18

,.
-

e o

o F 4% Bt v
gt
T3t ¥ real-time PCRE B3l EelstdS

caasm plasmid specific PCR

PLIRSSS AP MAPZ12 e transformants
PLIRIBS+MAP [5dE] tranafofmants
PLIRSES*MAP arg tranmformants

PLIRSGS «MAF embC transformants

Postve control (PLJR28Z *mmpl.3 vecsor Bng)
Negative control (W)

12345 678910 11121314

1516 17 18 1920 2122

- ————

CRISPRI plasmid specific PCR

1-10  © PLIRSSS+MAP fum MAP transformants

11-20 - PLIR9E5+MAP ech MAP transformants

21 Positrve control (PLIRSEZ+mmpl 3 vector 8ng)
22 Negative control (DW)

plasmid?]

-8
3

oFer 7l sy

SoddolFe] 4

142 -

CRISPRi 2] S =&
7H10 agaroi ZtZt o7
AL UdH oA
A2 wd A F=E ATCE



ATC(+)/KM(+) ATC(-)/KM(+)

10° 107 107 10° 0% 107 10% 10°

mmplL3
ATC(+)/KM(+) ATC(-)/KM(+)
107 7107 10° 107 107 107 10°

Malate
dehydrogenase

ATC(+)/KM(+) ATC(-)/KM(#)
107 107 10% 10° 10° 107 100 10°

embC

713! 143. MAP CRISPRi E¢¥o] FE2]

- A2 SdHo|FE AL E Sto] CRISPRi 8] =52 Q! anhydrotetracyclineo| E7}H
7H10 agar®} H71=]z] 12 7HI0 agarol] Z}zb wjorst A2} mmpl3, embC, % mdh &= Z¢
Ho|F= CRISRPIE A ZE of FAo]l AAEAS. webA mmpl3, embC, ¥ mdh=
wpel Aol WA FUAL A7,

ATC-)/KM{+)

1w 0 et owr

ATC(+)VKM(+) ATC(-)IKM(+)
104 10 100 100 104 18 W e

Enoyl-Col,

hydratase
argF
mmpL4
Fumarase
MAP2121e
GroEL1
MAP1981¢e

fadE3

1% 144, MAP CRISPRi S¢iWo] ZEe] Az} wal olgjoj] wp= A aHe] W3} 2l
(Ztel Q1% )
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argF, MAP2121c, fadE3, Enoyl—CoA hydratase, fumarase, GroEL1, MAP198lc, mmpL4= A
o] zto]7h §lAdE. 218 FAAEE 7]E =wollA Bgo #HEo] S Holetal o=
UE FoE AZH. 7 olAe WaY

X 2ol Aol HAHA JFS FAL

T = stress HEgof] Ao Zlo|glal of|FstaLl glo] o] F stress AR A ollM EMT
o3

IESL isocitrate lyase?} pknG+= CRISRPiE ZAZA|ZAS uff AAo] tA Z713t Zlo =R
Hel AF U2 5 Bol dwPow Ruslel Ay Wi RS YAY 4 9
S 7)-1 o7 )J]?PEJ

MAP-k10 PLJR965 groEL1

T ml
T
0': Qf; 0'{

713 145. MAP CRISPRi mutant?] §#Ax} utsl o Ax B Az

-
w
|

Il Control
ATC-treated (1ug/ml)

-
=]
1

=
n
1

Relative gene expression

g
o
L

AR ° £ HIIst] Azt Hd 9AE =
47]5}o] RNAZ HA3} L o] F real-time PCRS F3) W@ oA =S
7b F 19 Fof 71 UdA oA A=r A, ol¥F 3dI 7Y ¥

| A E

Aol 8 Holx| woke. 14 z}°ﬂ o 50c Aol U

13708] Aol o) A
(mmpL3, embC, mdh) <
se Al Aot g 4 z
HE APl SFURNA o] BTl AL 2T WU FEFE A
2 ZH 52 FAHA}(protein kinase G, malate dehydrogenase, MAP198lc,
isocitrate lyase, groELl)&5& $AHoZE MAsIY Malate dehydrogenase~= TCA
cycleo|A/] malateE oxaloacetate® WHHA|I|= 7]—— 7F2 e RAE nutrient
starvation®]L} hypoxia 2} Z+2 stress ﬂﬁoﬂx{ WHEE= 7103 oA S

WPol ZAEIAS u, SF el FAAMEE BAIAA Th WAV FEE
2oz WelA Qg olel Hlxd J¥S 3}% Zo2 ezl MAP198lcE nucleic
acid-binding protein®] AFLT IAFZH X} A3} ZsiA gtSdt= AoE <Y
A g ARATOl MEW WPIBlcE SF Uold AT 442
Thl HWH8-S Zt3}3}e] pro-inflammatory cytokine?] #H|E FHZI3l= ZoR %
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218, Protein kinase G= ¥lA] 2 macrophage L]olA] phagosome-lysosome fusionS &
2|3
ol

.

St AMEZ U AR 7|ost= Aoz EelE, Isocitrate lyase:= glyoxylate cycle
A isocitrateE succinate 2} glyoxylate & E3l5l= R4AF FZ stress TR A
24 5E 7] dffol 7 olld e A& F83 ARl o2 o, E]F groELlY
Al stress oA FetE = ThA L] shUE %5 oA SolE F4 W cytokine
HAS FESE A0E HANUL. ulehd SRl HuMI} BAY 558 44

ztof| thyt SQAHO|FE AR T AYste] 53 Lﬂ°ﬂ/‘1«] stress |72} FARRE X
el oxidative stress % acidic stress ZZoJAe] EdMHo] F2 HE A E A

st s FAAES] Vlee S4staA #

S 54. MAP CRISPRi mutant?] A=} w3 oJAo] w2 A ze] x}o]

U oA Al 4 g4 U oA A 4 St #ho] Q=

BA T2

mmpL.3 icl argF
embC pknG MAP2121c
mdh fadE3
groELl
MAP1981c
fum

ech

mmpL.4
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L SR ? AR L e B

ol 2ul el WS 1967300 3 WAl BIH o F N 2a el F7t
Sith. 1968\ H 2 WA Akl 0.96%] P& LA ( 7
1994do] 6.7% (7), 2003o] 7.1%% F7} FAME VERfTT (8). EIF Hyd
O WA FAE UG A A AR 3.3%, B 13,87 2

4 g eg Uehialrt (9). Aoz FulolA KaHISo] Rag PdsiA e AT} 7
0% Z7lsol & AL B 4 At} (1 152). ¥ Fufol A aulFol that hue
FA7IA ) A 2 SR E JRolu] BHE Tal 2 wlEshe
Z Qgaoll thyt 2ab @ gt ARsTh Fule Ha 4%
u

| Wotb 2uiete] ddol A3t =y 2 W AL A U HEo] AF HF

¥
H

o of infeoted cariie

§ ¢

o of infeoied herd

§

A%0

%0

Mo, of infected cattle
No, of infected herd

- . ‘-'flr ) i - -
27 146, IEHYHLYEA (KAHIS) SEE 20| & 2uH

Ay & AHF (2003-2017).

th. ool W%

X

rhe

(1) ¢
1959 o]l mj=pollA = BAiofA U] o]l AE HI Hglen (10) ofF
1980t o] AZIA| = sUH ot Fopx|o] ’Eo] =7HEG)

o, EIF, ZIE X ¥2] odE S22 il o|F B A¥ow FHAE|rt (11). &7
ol FHato]l AJzHH 1980dtiF-E X|&Hl FI7HE Fed 4 glom, 1997 o] FHF
2000y 2utzir] FASHA Z715te] 2006 doll= 1179F7F ZHE =l (28 143). o]o

jm
ARIHE QUL ZAs] 95 1998 o|FHE| 5dL /| RE ByL
QU ZAHE ARSI o Axeld Yo BAH AAE dRHoE =irzch
olelg 2l AME AW A} 20079 o FE ZASH: FAE Hol 2013dolE 573F
b 2" Bo HAagart (12),

|
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1981 1983 198% 1987 1980 1991 1993 1995 1997 1999 2001 2003 2005 2007 2009 2011 2013
o B

I% 147, €& 9 £ 2

ok

2 74 1981-2013

b B 64
2|stal lrh. &, A71FQ A Aol whet A 3R Category 1 2 A
EA5] 3 Qe Category 11 2 E&F3lo] He|stxr vt (13). Category 1 ZE3F
WA ELISA AR} AT Wl 2Ab A3 H AT de B
718 AxrtollA U oFd AV UAH XOoE FAEIH ZHAap (ELISA) 2 ZHAAL
o 2ol U

A2 auge o 9 FAE S B71HA HAE B8l 582 S5 =/t #
no
S=2

—~

(Al 2 PCR) & T3l AALE 3704 mivt 3Tt qhef BE AHxlolA &7l Lo
| Hchd E]-/\] Category I &2 & Hr} v} 3ojete o] HIH HH2 2
7‘]"—101]*1 Fste 7S E L (LHSCs) of o8l A& oz 9 HelE A 2A 2

o (
7}%%1*“1%% 7 Aot} glom, FRY s $olatEo] Yol BAFE

oz AAY B 914 Bol Ty 2% AATTL oY FABADKE

B2 3AE AV 8P AP U Y 25, $ho] 9T AHol wAY o

£ 5% B4 U a5l e A%H Y 9 S, 2

=:]

[e]

20, el Al 2uld 24 BN chAlS Eot,, A= eﬁw Folxle} ofule] A3t
of

i
o
o
2
)
S\
A
S
R
o
o
offt
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oL
2
)
fd
o,
g
o v 4o

r ox -

A sta, =91 Al ELISA & T @3y &
oA 7tE FUAlE 3" 2hA ] ELISA ¢ A T
gt ?fl I B olste] MAE == 28 ol #ulY FA F EYS HAL
baL gl =3 HA Azte] WAE ¢ =UH WA= F ] ELISA AAbE oA S48
%ol 74 ZAe|AZict gl Ao % Category 1 &332 RtufE|= 7§A|7} ELISA
= 01, Category 11 ¢ HX oAM= 3¢ 7J7—% o2 2 o]4te] ELISA ZAbellA

g e AAL Aol &7do] FHEofof 3t (

4
(g
=)
=
0%
filo
>,
0%
ok
2,
flo
ox,
r o
-y
P
il
o
0,
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furgo] WAYS vl AHiolME A JHAL] Azl FE7HAL] =el, gzt U
SR £53 22 P JE€S sAUTE v A2 Tt AARE F8 ol
Foldlth &, & 23 o8 UAS FiL ELISAS S S Zxp ol Sex o
Bl e @A o|FojTh TS Hole AF A |ds T =2 v+
o] EAE HAsto] ATt 6714 B olstollA HAol iElE JHAES Il 2d H
2EE T8l HAch AAREIelA o] HAH FEMAES 7H57HA 2] 80%E HAYs)
a3 BF ZEfARITh R Al g F 2xbEd AIE YA s A5 Aol U
T EZolME 22 FAlA "Holdle FE& theR 2d ¢ 71 HE Adst
of F7HHQ Y AFE FHdsta k. 2y &L A eRE BEE AEY FES
At 4 gl SHol g7 wiEel xpiHel =ef& darstal glom, 53] & T3l
W2 ¥ w& wWiEsSte ‘High shedder’ o] B¢ fAHHoE =efE dalsty 53 e
F7H A 2d& BAIskAL glrt (13).

~
B
M

ool HAFFHQ £ QU ZHAl= 19960 National Animal Health Monitoring
System (NAHMS)of] 2]3l| A& o]Fojxlom, AXHOoT 21.6%8 Hi4 HIFo| JPozw A
E 2t (14). 2007doll= 37 o] &9 AE& o2 sto] ZARgE Azt g Jf o]4e
HEM FEE B ol 68.1%0| Tt EZE 500F o|}E P B4 5 F
Foll= 95%7F 3L T (15) S¢5%2] Z-F-olx 19970l NAHMS of ofaf A=t
Al ZALZY o] Folzltt. F 217 FollA 38070 =& 10,3725 K971 AP Lo =®
AgEdom, ELISA ZAF Az} 0.4% o] S92 7.9%2] FXnto] Fgdo=z AT
(16). 20030l A 2010 AtoJoll 3,100, 000F o] 4+e] A 42} 692,000F o]4te] &7 &
ELISAo 2]3t euld ZHALE H“"Onﬂl Ao 9ol siuict 576.6%, S92 Z-fol=
oith 2.173.6%2] YBES Hadrt ( A4 BXA FR1E H LR ELISA BALE
Azt AP =2 " g E0] 57}0}1 o= ZA3kS Racrh 2003do] 672F oA 2
(0.3%)2] FHAAS gt o]F 20100l oF 131,334 FollA] 5,267F (4%)7} &2
Zelgladr}. 3 20030l A 20101 xlololl thek 514,000 F2] A} 67,000F2] S-¢
thd o= & PCR2} wied FALE ’F A3, BHas 7.2714.1%, S5F+= 2.8716.9%8] 44
& Boct (17)

o,
o
P~
I

f
r‘:ﬂ
. oX,
i)
ki o

¢

T T r2‘~’ =°-‘:’

W (USD)S ZAbl DHEW mFeld uld Ao mE Wt 4 ¥ T o
1002 16'59/] F7H4Q BAA EHol e o= %1’5’133.‘5} (18). whebr o] 2 &t 7311]’5;
ol IEE =y ¢I3t 2uy ZH FMWEo]

Animal Health Association (USAHA) of 2&]3] E-#tof tjst _9_14]‘*‘ z"%‘ = r’-i—f'ﬂt'iol 70
x| ont vlg2el S ufFo] i A de] =YERE Estadrt (19). o F 1998
o= 2pd QU S ol =g (VJDHSP: U.S Voluntary Johne’s Disease Herd
Status Program)o] 7= o] A|3E 3 et} o] AAE Voluntary Bovine Johne's Disease
Control Program (VBJDCP) 2] ¥bgef 7nto] =it} 2002de] VBJDCP= u|= s#F %
Plant Health Inspection Service (APHIS) & F% 3s}of BrASHA EH, IA AR} 25,
SR flsie Brt W #e], HFY ERFE T2 el 84FE A¥sta At} (20).
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ok,
2
ok,
iy
mlo l')'
Pia)
i)
ok

18 i o
N
of

ol
2

st ot L8g Eaf puldel slEaHel x4, Ba el why, An
Adstod auly Az Hedle 72 £ 9

ort. ole¥t wol Polol BAFES Lulyol thy <y

a5
3 Soll tigt A FRFA
a3

J3% (2007d) o= A FUtstact (21, 22).

=
[de]
[de]
ﬂ
L
fo = 2> 4% o > M g ko

Bl sl W7k @ Bels Bld uUEel ATtE 2ANY 4 di RS
stol B HRIE A% F BEE sk ottt oS BYel RE Tooln, ¥
A obx] Fa}, HAl Fab W B Auhiezt 2o REES Wit %sh gEe
SE Bl ARL 4 wF of¥, ofd B Eibl ALE, cin A=t a5
3} 22 94 ol FUATL ole¥ flsl= By % BY BelE Bl AT euEe A
5 S18e RAAAD Qe HOE BNk nluAet fate] AT7Ate] mpEm 19984
HE 2006 12”7}%] Minnesota Johne’s Disease Control Program (MJDCP) of zpd&d o2
Fojst= FHo| FE3] Frhstdlen, 1 Az A4 59 71 BRoA g8l A=EE
ZaAA v A3t P& W dIeidict. 22O ¥ sIES B
°0% g 29 Bot AlShE WIh AEE 18,1 EUE ZanZen olHy AR Zeo
= A¥gst= A AL AR AT (24).

& FoAq= New York State Cattle Health Assurance Program (NYSSCHAP) 7} X| 3% 3L
Ao NYSCCHAP o M= B&E A7IA] 552 £/ste] #elstal gl 4532 2
W 2E FRE REL Byoln, sy B audel 2@ §FE olu ¢u ot
5%, 0% Zeow Bge eudel glon ThE BYed Udo]l RUHL AUEES ¥
asfste BelMg Austn Qb Fgoltt (24, 25). 2005\de] AW MEZA| AL
TEH 5% F 92708 HHolA SHE stdlem, 1 F 76%x2] HHo| F7 Aol ¥
Holctal ettt ER 30%8] HHAM= 7 Akl Fristalen 35%2] HA oA

NYSCHAP 21go] Hgo] oloj& ZhATh Falrkn $ushATh (26).

2 ° .
SAbs g4 S fAIslolol st 2 MY 2elE Puae Agsts Zle Ay
th ER Folxt elolubs FA] RAZYE Aelstn, aulel delx e zio] Hald
2 2R FolUTh B4 olFo] FolIES AFel wet el AgHM, HE34e
A5 gAsl AUk drEreEe] 2ulde AUE U] fla) FES MSA
of gt BN =gistnl =9 A AT Aelste] A ¥ =gATh wop Ay B4
& ol A7 Ushdtha F4] Aelsta 4 HAAE FA melAlFAel wrh (17).
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VBJDCPS] E& B&H AJABI2 VJDHSP 2} “Minimum Recommendations for Administering
and Instituting State Voluntary Johne’s Disease Programs for Cattle”o] ‘_7-]“]-04 438

o, ezt AxE sl MAP of ¥ SEEE BIIste] o] FofXitt (27). 2010dof
APHISO oJsf &7 7|&o]l &t Fd4 A HA=HdEed, 54 71E9 2*3—%“301 of
o176 SAR ERSHEA, 2ul Aute] tigt s 247 &S EF WAV ol
T} (28)

e B e Fhet @S ARE 3 ELISA o JiA d 2 ufer 5l PR, B A
= A4 8 ZEE 2 AE AAE T BRE SRk, &% 53 Beds +RE
A &= 3 ELISAS} 7HA] & —I-i—‘%i sjoF @ PCR, Z¥3 B MEI AAE Esle] 2R

73 z

I QU 40 A A 1911l A2 WAERer, 19250+
A Eglolgof A whgo] FHlE At (29). Qul¥d ZEH MAIES 1950d i FE] F435HA
Z71s51e 2 o2 34 ERoA é%ﬁ}ﬁﬁtﬂ, & 4 (Capra aegagrus), UI}7}H(Vicugna
pacos) o X = o] FHAF ) (29). TFo 4 QU2 thFE 95007 o8] B4 &
e s Sl S ele] A s, Sl A 8 ASUE A0Sl Arn
A4 FHolME AL o] dojiupx] d=th EZ SeEFAAME vl HA Ust=
o2 oelA 9113} (30). ZFollA Quoll 23t 2 Al ZAH zlsf= 3,820,000 &5
g2 o SEM (30) TF e 156.5%8 FAo] UM
2 FHE "’%‘”"ﬂ o2 o] uf 2 Z1og zbctE| ) (29).

B FoA =7} wrele EA = ZF el “Australian Johne’s Disease Market
Assurance Program for Cattle (CattleMAP) = 1996do] A|ZIE|Ql oL}, QuHo] Az|sl=
AT SF B AL A A Bolol Azohtienl Lol A4 i 2

H HZoA Bold& FA7] ufEed Zog ATt o|2A ZEH w2 HFEo] T
FA e GS PARan, o ASE B 2 24 2220 224
hEs ST (

1997 do]l Animal Health Australia:= ®ZF zithy, A9
=& HYste] M2 F71 ©ele] QU] 2 Hel
and Control Program) & 7RUsticvt. ZApet 28 T2 IR B3 FAES
2oz HE i}‘:}ﬂ"’, ZaEA] U2 FEEAY HeE FRIshH, QU
7t MY BAAY d¥E AarPle A& Ei st Th

w dseel A¥E BE B4 2ol gud ael wa B LR A
=4 (National Dairy BJD Score), o] AAEHS T3 Z} EAES 00108 530 &7
stedch o] S3o Bate] auld %o uleh BEEoon euel s} PHUEE &
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EZE FOIRELZ 1270¥e] A Up] 7]

IFoA] U E BM F F cheloAe BAE W Ee|ol oA JH HA A
Zgloct, WEgol Fo] QU o ZTZ ¥ (Test and Control Program) 2 199640
AlZE =], TCP= ZE o] o3t ExF2] 24 o|4e] EE MAES thdeE 73

[e]

ol ELISA ZAALE B3 SAHZ T, $olx] AlS BAL He|E A styct. 21 43 55
H 6000 7H«] SRAM PFFTES Hole MAES ALz s e OIEZI
Lt (33). 2003¢o] TCPY £olx] A]7]2] ZHE S x}tls}r] £]8F Johne's Disease Calf

Accreditation Program (JDCAP) o2l £-olx] eg] AL L35t TCP2E A=A A 2tE]
Stk JICAPe] ES AT B ol dule B el H3E AU 4 ol

£
A5E BT Z33 ot BAT FhoA EtelA o] /7R FolA| 7t AISEES 1
=5 F o) 12412 ool BEFI} Lol E EEste] AbSstlon el ol o3|
Lol E AFSE A4 LAEA| UAEF FASIAL, BHFS SolR9} B2 o YEE
1 A5t sl Sot
ol A o2 A3, A& F& 2Este] Al
Y-S 2etstact. E=3F, B0l Fopx|e] Ert = Fof iyt 3 FRE 7|55
=5 stolct (34)
(4) 29%

A9 Elof A= 19520 Qu¥ o] Swedish Epizootic Act -u-i"!eﬂoﬂ 23] HAAGH O Z
AZHE ol F Uy ZAEE AT W2 =¥& JIE9 $rh (35). 1993del= 1,576702] &
FolH LS 4,000 el A8 ELISt & B9A A4St nrel9) RS s
o, 1996do= 1307 S-AofjA] LFE Limousin breed & thAt o FEw ufjoF ol ELISA &
AAkE 23} 2nkele] AL BRI

hd

2009'dell A 2014712 ¥ PCR A wijobE F7F A Az S W LM Uy o
g JRAIZE AE Ltex] o2 Zle AUrh (37). olAFE A90W Y] Ul YABE
< o dom WhEe tifE U™ 4o S F90b wWokth 29%1e] U oW
2732 Swedish Animal Health Service o &3] *EH, siujct & FAHe] 24704
o8] JMAES thde® £ BES A st wif ¥ PCRE Tt QU+ BAE st
Adrh. EZ ThE BN =A™ JRAY Af 1271 ® ol AAE gl HAbiAel
E3Fstal 2t (36).
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