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BCVE Betacoronavirus genus®l &3t dA A AMAIHoZE FA7F Hi A= severe

acute respiratory syndrome coronavirus 2 (SARS-CoV-2)¢} 22 groupdl &3 &

Alphacoronavirus 3@ ﬁ Betacoronavirus

H Canine coronavirus Human coronavirus OC43
h Feline coronavirus Human coronavirus HKU1
A 4 Bat coronavirus HKU2 Murine coronavirus g —_
Bat coronavirus HKUS Bat coronavirus HKU4
Porcine respiratory coronavirus Bat coronavirus HKU5 g
'ﬂ Porcine epidemic diarrhoea virus Bat coronavirus HKU9
Transmissible gastroenteritis virus Severe acute respiratory syndrome CoV (SARS-CoV)
Human coronavirus 229 Middle East respiratory syndrome CoV (MERS-CoV)
Human coronavirus NL63 Coronavirus | Severe acute respiratory syndrome CoV-2 (SARS-CoV-2)
Porcine haemagglutinating encephalomye[itis virus

(CoV) Hedgehog coronavirus A
y Deltacoronavirus

Bulbil coronainus HKUAT @ {é Canine respsratory coronavirus H
Equine coronavirus d

;! Thrush coronavirus HKU12 ﬁ
Munia coronavirus HKU13 ﬁ Gammacoronavirus

H Porcine coronavus HiKU1a ﬁ ﬁ % ﬁ‘ Infectious bronchitis virus
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Free PMC article
Bovine coronaviruses (BCoVs) cause respiratory and enteric infections in cattle and wild ruminants,

..BCoV is the cause of 3 distinct clinical syndromes in cattle: (1) calf diarrhea. {2} winter dysentery with
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hemarrhagic diarrhea in adults, and (3) respiratory infections ...
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BVDV detection (kit vs PCR)

BVDV detectionrate
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REDBE (o0
KCD G2 (2020}
KCO GJ1 {2020)
KCD GJ2 {2013)
KCD GC (2020)
KCD YJ (2020)
KCD GJ1 (2019)
KCD G.3 [2019)
KCD GJ4 (2013)

Korea

57
Wt S 1 17-18 Korea/RBCoV)
HMETA3ZE(Wisent Winter dysentenyHorea)
HWETI3ZTHimalayan tshrl Winter dysentenyHores)
HAET 332E{Himalayan tahr2 Winter dysenteny/Koras)
73 | HMET33Z5(Sitatungs Winter dysentenyKonss)
HMETII30[Nyala Winter dysenteny/Korea)
DQ3IBSEILHCD2 2004
DQ3IEEaIZKCD1 2004
DQ2E5A35HC DY 2004
DQIBSRI4/KCDI 2004
DQIEeaIs/KCDE 2004
DQIBSEIAHCDS 2004
DQIEEE41KCD10 2004
DQ2ES6ITIHCDE 2004
DQIBSEIEMKCDT 2004
DQ3E5640HC DS 2004

DQIBREEIHONDIT 2003
DO3EREtLKWDA2 2008
DQ3BIEEEHOND15 2006
DQ3RSaE8AOWDTE 2008

DQIBEE4OND D 2006
DQABBEELAOND 14 2008
DQIESEEEIONDAT 2008
C23B08ET/IKWDIE 2008
DQ3E88C0/ KW DS 2008

AFDEE343L SU USA/Respiratony problem)
E AFDEES44{OH USA/Respiratory problem)

FJ4251B5Waterbucks/ 1554 Winter dyzenteny)
1M FJ425188(5ambar deerWintsr dysanteny)
AYII5340/KWD 2002
AYIAEE41/KWDE 2002
AYFIEE42HWDE 2002
AYSAEEISHWDA 2002
AYSIEERKWD2 2002
AYIAREITAOWDT 2002
AYFIEE44HWDE 2002
AYSA5E45 W DS 2002
99 | AYSARA4BOWD10 2002
FJ42518T{White-tsiled deer Sporadic diarrhearISA)
AF321542{LUN USA/1558)

DQ315164{Alpaca Severe diarhea/USA)

AF291541{ENT USA/BECOY)
LC434126{GIF-1 Japan/2018)
LCA3412T{IWT-5 Japan/2013)
LC424128{WT-10 Japan/2015)
EF424822{Giraf fe Winter dysenteny/1USA)
EF424824(Giraffe USA/Calf passaged)
EF424521{5able antelope/Diarrhaa)
MHZ030G5BL104 Vietnam201T)
MKO48005{HCMI0Y VietnamiZ018)
MHZB0ETVP2D Vietnami201T)
HEE18T3E{MAYABEQUE Cubai2DE)
HER18T23{CIENFUEGOS Cuba/2010)
HEG16T4D(CIEGO DE AVILA Cubsi2011)
HEE16741{CAMAGUEY Cuba/2011

1

H

WET ST )
KF 1883 15{DEN 13)

HF 1853 16{DENDE-1 Denmark/2013)

HF 185281 T{DEN/DS-Z Denmark/2013)

KF 16852 4{SWEMD8-4 CD Sweden/2006)
KF185523{SWEMDG-3 CD Sweden/ZD06)
KT218111{Ca=n1 France Respirstony2005)
KT218115{Ca=n5 Francs Entenic/2003)
KF185538(SWE Y/ 10-3 Swedan2013)
HF 18534 0{SWEP/10-4 Sweden/2013)

KT318114{Caend France Enteric/2008)

EUD1SZ 18(Water buffalo [tahy/Calf diarrhes)
KT318113{Ca=nd France unknown culturs supemstant/2007)
KT318112{Caan? France Enterin/Z005)
HT318123{Ca=n1d Francs Enteric/2014)
KT318117(CaenT France Enteric2012)

)

o KT318118{Cs2nd France Entenc/2013)

et oo
DOOT31{F15 France/1575)
ME4685({Nordem  vacoina\Vinusnt)
ME48ET (LM Avinient)
EF193075{W2T0 Germany/ 1583}
AFZZ0Z55{Quebec Canada 1572/Calf diarrhes)
U735 Mebus/Csif disrrhes)
EU40H388{5UNS Korea Vaccine strain/{334)
HBC i iyt
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o 2017dFE 201997HA], 1760¥9H Y 689F FolAE UFde=Z AHAAg E AA EWHAA
FolAAALS BHEE PIAE XA 23 BCVS ZEhulo] g ~(BRV)ZF FobA A
Akl DA 3HA Aol AASo] Felst

No. (%) of positives No. (%) of positives

Pathogen | among diarrheic calves among normal calves Total (n=689)
(n=329) (n=360)

BCoV 24(7.3% ) 13 (3.6%) 37 (5.4%)
39 (11.9%) 45 (12.5%) 0.796 84 (12.2%)
11 (3.3%) 2(0.6%) 0.007 13 (1.9%)
8 (2.4%) 7 (1.9%) 0.662 15 (2.2%)

41(12.5%) 68 (18.9%) 0.201 109 (15.8%)
178 (54.1%) 210 (58.3%) 0.264 388 (56.3%)

« BCVE dAWl(loose feces) AEfe] EHolA 7H¢ Wol HEHJoen, F3rtk: BCV
BVDVee] £3nde 283 & 5 A%+

(r

-||
Pathogen(s) )

Pvalue OR (95% CI) Fvalue OR {95% CI) Pvalue OR (95% CI)
0.51 1.3 (0.6-3.0) 0.03 2.9(1.1-7.6) 0.77 1.3 (0.53-5.7)
0.50 1.3 (0.6-2.9) 0.48 048,14 (0.5-3.7) 0.98 1.0 (0.2-4.1)
0.17 2.2 (0.7-6.8) 0.04 3.6 (1.0-124) 091 1.1 (0.1-10.9)

e BCV ZdS =Zepulolejzo vl 10€#HA 71 =2 HAES HYon of A %
k)

ofxjel A AH I F@AGlol nEA TALS & F AU

Age (days) BCV BRV
1-10 (n=140) 10 (7.1%) 5 (3.6%)
11-20 (n=197) 9 (4.6%) 5 (2.5%)
21-30 d (n=129) 7 (5.4%) 3 (2.3%)
31-40 d (n=89) 5 (5.6%) 0
41-50 d (n=79) 4 (5.1%) 0
51-60 d (n=55) 2 (3.6%) 0
Total 37 (5.4%) 13 (1.9%)




Identity

1. AY935637/KWD1 (2002) E I
2. AY935638/KWD2 (2002) !
3. AY935639/KWD3 (2002)

5. AY935641/KWD5 (2002)

7. AY935643/KWD7 (2002) ’

8. AY935644/KWD8 (2002) i
9. AY935645/KWD9 (2002) '
10. AY935646/KWD10 (2002) "
11. DQ389632/KCD1 (2004) b
12. DQ389633/KCD2 (2004) "

14, DQ389635/KCD4 (2004) '
15. DQ389636/KCD5 (2004)

16. DQ389637/KCD6 (2004) I

17. DQ389638/KCD7 (2004)

19. DQ389640/KCDS (2004)
20. DQ389641/KCD10 (2004)

g 3% 5 e AR 442 F e AL ANE
Tl A BCVE 20061744 st Al A77F da= ot 2006 o] F=29 ATZ2 T
© AFFE. 2 Aol 201997 AANMA FAVMHES HFo® BCVY @U7IAER
Hp SAA
2000+ . 100+
80+
1500+
a d 60
B J o |
?1000 £ 0.
500 204
- -
0- 0-
Diarrhea Recovered Diarrhea Recovered
(n=17) (n=15) (n=17) (n=15)

A (full genome sequence)S Fa&ste] 2006 o]H ZelA HEH FHAF(KCDe
KWD)# Hu A& A5 23, @A WA ASHE FH4F2 2006d ©
A 2ol7t o] BAHY M genetic variationo] A 73| ®o] IPH L ¢S 9]
FAHAF (oA TEHZ).

I 1
o
L I B B |
o
L (R |
o

"
I
4. AY935640/KWD4 (2002) I

( I
6. AY935642/KWD6 (2002) I I
(
(

[} [ T | I [ T I | 1) (B 1 I I
(| rm I I rere e I " | I 1 1
(B} [ I | I rrrreream e [ | I I I
I 1 I 1 1
[ 1 I
(SRR
I 1 1
[

1
13. DQ389634/KCD3 (2004) e 1

|
I
1
18. DQ389639/KCD8 (2004) 1 I
1
I

I
I
I
:
I
23 DQ389652jKWD11 (2006) 1 e 1 1 (| 1 I 1 t 1 (W]
|
1
|
I
1

22. DQ389653/KWD12 (2006) o I [ 1 I N 1 I
23. DQ389654/KWD13 (2006) 1 —I won 1 I 1 = |
24. DQ389655/KWD14 (2006) I o o " o o i |
25. DQ389656/KWD15 (2006) 1 1 I 1 I I P 1w o I
26. DQ389657/KWD16 (2006) 1 i L B | 1 1 Jjm=| 1 1l il
27. DQ389658/KWD17 (2006) I I ] i | PRI 1 " |||
28. DQ389659/KWD18 (2006) ! ! s I I R I 1o
29. DQ389660/KWD19 (2006) e I 1" i I 1 st 1l 1 | o
30. KCD GJ7 (20719) [T [ T ] m M ] T I O ] [T i T
31.KCD GJ2 (2019) oo H " (.‘ ) hﬁ il o I P '.\ J,\ "
32. KCD GJ3 (2019) e i 1 1 L ‘h Il ‘m 1 .‘:. | e j n ‘;L |1 i
33. KCD GJ4(2019) W i e i u it =it i i P I e | i
34, KCD GJ1 (2020) [ T TRt (] 1 1) R Y 1 I 1 1 1 e P i 1 iy
35. KCD GJ2 (2020) W I e frl o fef o ! 1o I I e e ! ! "
36. KCD BA (2020) | R T} TR {1 A1 o {1 I 11 S A 1 1 ‘If iy R P I il 1
37. KCD GC (2020) TR T ] ||‘ 1 |I LI \\‘\ " \l‘ (] 1" 1 |ty It H ||‘ |
38. KCD Y] (2020) o) w I \lu‘l |;,‘ wl e wl = W | P = by ‘uJ i

BCoV genetic variations among Korean BCoV isolates
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A2 AE71# (A5

T3 WYL : “Gut Microbiome Zd& &

o

9 Folx MAZFS o @ @)

ok

=13

Taxonomic composmon 4 0 dy Wl 2 g Folx9 wAE 7 W

phylum FFolA 4898 w[2® 6(A)], T 22 phylaZ} 8% A5, Phylum <ol A
Firmicutes, Bacteroidetes, Proteobacteria’} 84% ©o|42 FA|gt o, #2220 A o]=
wolz e[ 6(B)]. Coronavirus ol 93 MALS HAo] we} Class G0l A
Clostridia <7}, Bacilli ¥ Erysipelotrichi &7H=X® 6(C)], Order <=9l A4 Clostridiales,
Erysipelotrichales®] %7} 2 Lactobacillales, Rhizobiales #2452l 1dH 6(D)].
Family <<9lA Lactobacillaceae, Bacteroidaceae, Lactobacillales_uc #a %
Lachnospiraceae, Erysipelotrichaceae, Clostridiaceae &7}& &<213H 19 6(E)l. Genus I

oA 3F A (Lactobacillus, Bacteroides, Lactobacillaceae uc), 4% % 7H Clostridium,

Enterococcus, Eubacterium_gl, EU842424 g)ZS 21313 6(F)].

mm Firmicutes

= Proteobacteria
Bacteroidetes

mm Actinobacteria

mm Tenericutes

= Cyanobacteria

= Verrucomicrobia
mm ETC

1.2 3 4 5 12 3 4 Healthy ~ Corona virus

u.

o [ =
Healthy  Coronavirus Healthy ~ Coronavirus Healthy ~ Coronavirus Healthy  Coronavirus Healthy  Coronavirus

30 *
| |
20
10
]

= Firmicutes

mm Protecbacteria
Bacteroidetes

mm Actinobacteria

= Tenericutes

mm Cyanobacteria

- VOUUCOIT\IUUDIEI

Healthy ‘Corona virus

Tenerl:utes

Hl
Proteobacteria
3
Bacteroldetes

Actinobacteria

5

ns

Phylum

©) oy - 801

oy i ! 601

20 204
g o

Baciin

404

Clostridia
s
i
Erysipelotrichl

Healthy ~ Coronavirus Healthy ~Coronavirus Healthy  Coronavirus
Class
(D) =
801 - 80+ 0020
e | - i
i @
o 604 2 60 E o 0015
g s 2w g
] H 2 =
2 40 2 40 2 2 oot0
i ) 2 N
8 g g 1w i
© 204 S »q E 005
0,000
Healthy ~ Coronavirus Healthy  Coronavirus Healthy Coronavirus Healthy  Coronavirus
Order
(E) .
8 15 - 020 80- _ 30 - 15
- — . — "
° —_ e —_— 8 s [ E—
= 80 g 21045 T 60 g 2
g g1 £ & g g 1
= = —= = s
) 2 3 010 2 120 E z
E-] 5 g Q ] =
° 3 E g @
ﬂ i ; B Bl i
52 o 0.05 © 20 o
: el B :
0. 0 0.00 0 0 !
Healthy  Coronavirus Healthy  Coronavirus Healthy  Coronavirus Healthy  Coronavirus Healthy Coronavirus Healthy ~ Coronavirus
Family
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(F

80 15 = 20 -
— — —

- i

0 0.0
Healthy Coronavirus Healthy Coronavirus Healthy  Coronavirus

i

Lactobaclllus
&
Bacteroldes
Lactobaclilaceae_uc

15 % 10 * 0.5 0.010-

Clostridium
Enterococcus
Eubacterium_gi
EUB42424_g
2 e &

=
R R R

o N B @ e

0 0.000-
Healthy  Coronavirus Healthy  Coronavirus Healthy  Coronavirus Healthy  Coronavirus

Genus
AAF &otX|et Coronavirus Zrgo] ot AArt S9bE] £0}X|9] #Q Taxonomic composition 4.
(A) &9 W Phylum $FoA9] 7iAE % H v &2, (B) Phylum, (C) Class, (D) Order, (E)

Family, (F) Genus #%F0A9] 0|24 4]

LEfSe #4] : LEfSe #2415 7]dto & &9 caldogram< el Z 3} Coronavirus A}
= Ao uwe}t A FolA oA Bacteroia®t AAFE $o}A 2] Clostridia, Erysipelotrichi
7(A)]. B3+ Clostridium, Enterococcuss Y33 4 genuse A

el ddA ol dE[2H
< FotASt Frolg BHaAde BAl1d T(B)]

A}

(A) Bl Healthy
B Coronavirus

a: AY244965_g

iE
s: Lachnospiraceae
t EUB42424 g

u: Clostridiales

6.0 ~4.8 =36 —2.4 —12 00 12 24 36 48 60
LDA SCORE (log 10)

A4 4&ofx]et Coronavirus Z4go]] 2lsto] HA el £ofXx]9] #Q Taxonomic composition 2
(Genus £%). (A) Genus $£% 9|4 Caldogram &4, (B) Genus $£%0]A LDA $X] &4

Coronavirust 279 g5 43 Mo FA3H A% 58 A= da HASA

2 Hol F2 79 =+ Coronavirusel 9 A

of o= Qs AAE A Al AU PR T WHstE oA HH, 53] el A

FA% P94 nARe] BuoR MANEA /M9 el JFS vAE Ao AR

9 2 wa o = 0

of #+¥Ho=w d#F. Coronavirus

(o}

o

9 WEEL B AT HAFTE Bobol £AF AT ARSEA, olWe] SuA%a
A ose AT BHE Bl YE MW A7 AFESY. TR A2 592 40804
9 EEL AAD v QY] AE) AF FHGFE 38 Addn 4748,
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A5 AR

A4 9l

»

HAE oA ol
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Al
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B
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Fej ¢} Pathogen

i

%

el

pid

o

el

i)

ﬁ
Ny

G

=
S B o A “Folx] ALl BHEFE A7 A

£E e e,

Ho

Njo
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Fecal appearance

[MLoose
W Watery

[solid
[]semi-solid

Pathogen -

Pathogen +

Fecal appearance

Solid

80
60
40

R

1007 Pathogen -

% ‘Aousnbaig

0

1004 Pathogen +

31-60 >60 Total
Age (Days)

11-30

1-10

31-60 >60 Total
Age (Days)

11-30

1-10

=] =
AT Fe

sho}ol
Acute Phase

dd RBC, WBC, Serum Chemistry profiles

B/

olo
o

GRS

94

EREE N

1=
A,

59

Base Excess/Anion Gap/pH

=il
=

Mineral

Globulin
Folo] ‘A= 1)l uE A

ol
=

Serum Protein

=]
=

—_

AZ FobA el e

LA |
= =

9l 2 HHZH

OHXIS

dis &

=104
=104
—33)

W Diarrhes| Calves (n=88)
® Diarrhesl Cabves (n

= Nomal Calves {n
u Nomal Calves (n

1 ~10days 11 ~20days 21 ~ 30 days
1~10days 11 ~20days 21 ~ 30 days

i e g

]
h
]
]
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2. A7HEnA L =d P8 A+ HE

o ATALHAY BE L 57
(1) dTFALTHAY HAF 5%

O FolA uielelx AALS M4 kit /TS 93 FEREF E=S S A A%

(2) @FAEHA 9 FAHA
7},

O AALF FolA 9 JXALE T HAntolgl &9 FAF EAHEH
o AT FolAe] WS o] g3t IEuputol 2(BCV), REHHFol2l 2 A
o 3 AN Fato] whE Z4zbe] wpoly 2 ° A dr]ote] {FH A EA 1A
o Aol wE Fobx| Al ANA Tt

O AALF FolAZEH nlolz & £
o 2 FBRUujole] X, A ZERu}o]#] 2 A Hlo|g 2 A} ulole] s Bl 9 wjok
o 7} mpolE o] S &

° 1 EZ]— f(ﬂ Zﬂx_,]'

O FolA HAlF WG & 7|E /N
o 2o1x¥ PCR AAFS} 7 71E9te] A} v

« N ANES fo4 Wk R A3AE B

1 O

_21_

a7



L AT Al e &

(1) AAFZ Zolx 9 ATFZAIS Ea MAHlo] P29 €AH EHEA
O & AAs AA +3

B =ee o U gd A% 2 7 & Ao EEYYAF LS FHow B
Woddy 2Py AZ S AR ST = 85879 B A et 907)e o aEw
3830709 #A AwE FHAT
O & AAS HAS=FH 4 £

o5 NABREE FolA AAZFe UAA Giardia, BVDV, BRV 2 BCVo| ta %A}
2 Ad37) Y3 F 4828709 W, dd I AZZHE RNA 2 DNAES F=319 o0,
7k WA 5ol primer setS ©]§3 RT-PCRY} real-time PCRS 2 Alste] ZF A Al
25 glo] WAl Pt s LAtk 858 RWARE Giardia BVDV, BRV, BCV #
ARAM o] A}gsg o 3970 o @ FYA 2= BVDV A BAs=d Agstg).

WA 29 3 £4

11.1%7F BVDV ZL¥]al 53.3%7F BRVA

2o o3t & 858 FHE F 33%7} Giardiadl G

N2 9%7F BCV,

Aoz =egrh EF 3970 Eof 3 JH

7ae
AANAE 362 %7F BVDVe 7 Aow Yebwth 1 @AAA = ofgf o ok
o BW: Giardia?} 2870 (3.3%), BVDV7F 957 (11.1%), BRV7} 4577 (53.3%), BCV7}
777 (9.0%)°] AZEH A
o« oy FH: BVDV #HZEowk AFgH o, BVDVE ddoA 656% (59/90), &3 el
X 355% (1378/3880)¢] FHES HYS

<A AR S0 S E>

= ZAA Giardia
A4 2% | ° ] BVDV (%) | BRV (%) | BCV (%)
- (%)
2 858 28 (3.3) 95 (11.1) | 457 (53.3) | 77 (9.0)
g9 90 - 59 (65.6) - -
g4 3,880 - 1,378 (35.5) - -
O 2 AAZE WA #1F 24
A7) BAANE vEo R FANLS Bl ARE ugor AU|NIdEAS £33 7 Y
Ao fAE B AAEH
e BRV 94 AlZ9 4% VP7 (G §48)1 VP4 (P §438) §d] tdt g7 adn
Ao Ed wuyeA] BAsE A8 2AEAT £ 45770 F 196719 EWo] BRV
of FAolgor, o5L AR AHAEANS Al B ArAzd osid



G6P[517} 74 wol

74

=5 Ao, G8PI5], G6P[11] % GI0P[11] o2 HEH AT

T

3t 2ol A T2 HEFT = GoPI7]0] HAAeh= FolA|oA HEF AT
<BRV 33 &4>
43 G5P[7] G6P[1] G6P[5] G6P[11] G8P[5] G10P[11]
44 1 1 51 4 7 3
e BVDVY #HAZEL WA real-time RT-PCRE AAste] Ct 3k 29 wwhs Aoz wot
SR, olE YAHAE W 5" -UTR #AAE o] &35le] TZ3 3 A7|HEREHS
gt o oA Fastes FAFS el B AAate] 93H BVDV-1b
7F Stlloll A 7 e v HolE Zow FQEde
<BVDV A8 &>
BVDV %A A& BVDV-1la BVDV-1b BVDV-2a
80 15 38 27
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< (1b)
-l
< (1b)

.H152(1b)
(1b)

L ® C1224 (1b)
92 L3 53274‘"7
L_® lD )
KF'749795 1

L__ JX065783 (1b)
L JN377414 (1b)
® Wi

685 (1
i Gusgsézs)(m)

eViE 8}

BvDV1

90 AB359929 (199
L AB359930 (1n)
AB300687 51.:)
EW129700 ¢
MND22913 (1a
§Qgesse0 (1 ;
1a

DQ973174
L LC053993 (1a
® KCB3 (1a)
® cLG1 (1a)

C171 (1a)

® JGS4 (1a)

(1a)

AB359927 (1d
[ AF298065 (1d
90 AJ31861

8 (1e)
4,—'.: AF208058 (1e)
87 AF298067 (1)
AF298073 (1
120248 (1p)
1057 GU120249 (1p)

75

ABO40132 (1]

L ABG78433 {1}

985 T KG596021 7{22?)
Za)

\_,7 FJA31194
MH231134

AF0391
d GU395545
\; K_r832817 (26)

82, AB567658 (2b)
94 71 MH231126 (2D)

MNOBP920 (o)
[
L AY379547 (2b)

BvDV2

99, KC465391 BVDV3
T KY762287 BVDV3

1BVvDV3

GilardiaT™ B-giardin

M=

assemblage E7} 5

assemblage

E
T2 %

<BVDV AL r=>

AEstdon, 28717 FAdol A&

=. = 27
assemblage ATE W FolA oAM=
gkl ¥ At

ol &

AxE ol g3le] %
1709k

zoonootic ¢!
HEE = 2o

o7
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® 05200429 JB16 Gbg E
MK202954 Gbg E1 Austria calf
LC484286 Gbg E1 Indonesia Bos taurus
2| KY769095 Gbg E1 China dairy cattle
KY633470 Gbg E1 China Yark
KT922247 Gbg E1 Ethiopia calf
KT369770 Gbg E1 China cattle
AY655703 Gbg E1 USA Bos taurus
® 07 210723 JB3 Gbg E
KT922249 Gbg E2 Ethiopia calf
KT369776 Gbg E2 China cattle
—e 01210216 JB7 Gbg E
—e 17 220110 JB2 Gbg E
® 16 220103 N57 Gbg E
® 18 220110 JB10 Gbg E
DQ116625 Gbg E5 Mexico sheep
EU189361 Gbg E5 Spain goat kid
KY769092 Gbg E5 China dairy cattle
64| KT369775 Gbg E9 China cattle
'KY710741 Gbg E9 China dairy cattle
KY633465 Gbg E8 China Tibetan sheep
1 | MHO79430 Gbg E8 China cattle
MK610388 Ghg E8 1 China Tan sheep
MN833263 Gbg E8 China sheep
® 03 190812 JB12Gba E
—e® 14211111 GC53 Gbg E
® 02190429 JB34 Gba E
® 04210618 BS1E
® 08210723 JB6 Gbg E
GQ290390 Gbg E3 India calf
GQ337972 Gbg E3 Norway Ovis aries
KP635114 Gbg E3 China sheep
KY769091 Gbg E3 China dairy cattle
MK573342 Gbg E3 China Tibetan sheep
MN833266 Gbg E3 China sheep
—e® 11211111 GC22 Gbg E
—® 10211006 GC14 GbgE
og| T ® 12211111 GC24 Gbg E
® 15211111 GC56 Gbg E
DQ116622 Gbg E11 Mexico sheep
KY762089 Gbg E11 China dairy cattle

64

KU2921327 Gbg E Brazil Human

KU921361 Gbg E Brazil human

MN833265 Gbg E6 China sheep

MT713330 Gbg E6 USA cattle

— KM190801 Gbg B Canada water

96 — KP687762 Gbg B Canada wa
89/@ 13211111 GC27 Gbg A

AYB655702 Gbg Al USA Bos taurus

r

99 u<M1 90672 Gbg A Honduras Homo sapiens
AYO072723 Gbg All Italy Human

AY 258618 Giardia muris

<Giardia AL E=>
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<S gene® homology 41>

BCV sequences

2021 variants

98.9-99.6 98.56-99.5

2002 Korean winter dysentery

(KWD)

97.5-98.7 98.1-99.2

2004 Korean calf diarrhea (KCD) 98.0-98.9 98.2-99.4

2006 KWD

97.5-98.7 97.1-99.2

China 2017-2013
&3 - HEB16738/MAYABEQUE Cuba 200%
HES1673/CIENFUEGOS Cuba 2010
HES167T40VCIEGODE AVILA Cuba 2011
HES16741/CAMAGUEY Cuba 2011
MH203067/VP200 Vietnam 2017
MH203065/BL104 Vietnam 2017
MKO46005/HCM304 Vietnam 2012
EF424521/Sable antelope USA 2003
EF424522/Giraffe USA 2008
EF424523/Giraffe USA 2003
EF424824/Calf-Giraffe USA 2006
LC#941T4HTCG-8 Japan 2008
LC454128/MWT-10 Japan 2012
LC494126/GIF-1 Japan 2016
LCA84127/WT-8 Japan 2012
LC494162/TCG-3 Japan 2006
LC494163/TCG-2 Japan 2006
EF424515/E-AHE5 USA 2001
EF424820/R-AH187 USA 2000
AF3S1541/ENT USA 1988
AF351542/LUN USA 1988
DO815164/Alpaca USA 1998
EF424817/R-AHE5 USA 2001
EF424516/E-AHE5-TC USA 2001

LS EF424618/R-AHES-TC USA 2001

FJ425187/White-tailed deer USA 1554
i = ——— LR
KWD 2006
__ | WD 2006
= KCD 2004

DQ389633/KC02Z 2004
HMS573325/Sitatunga Korea 2010

77| HMST73330/Nyala Korea 2010

HM5T73328/Himalayan tahrZ Korea 2010

HMET3327/Himalayan tahr! Korea 2010

HMST3326/\Wisent Korea 2010

MGS18518MNVater deer Korea 2017
50 | e <CD 2021
AF05E8943/LSU USA 1954
AFOSE544/0K USA 15595
FJ425188/Samber deer USA 1554
Fl4Z518%Sambar deer USA 1554

i@
W

2= Fl425150Sambar deer USA 1584
Fl425184NWaterbuck USA 1994
Fl4Z5185MVaterbuck USA 1554
Fl425188Materbuck USA 1954
KF165916/05-1 Denmark 2005
KF165515/05-4 Denmark 2005
KF165917/05-2Z Denmark 2005
KF165518/05-3 Denmark 2005
KF169524/06-4 Sweden Z006
KF189823/06-3 Sweden 2006
100 KT31&111/Caen 1 France 2005
ES] KT318115/Caen 5 France 2003
=5 France 2004-2014
22 AFOS8542/ v-138 USA 1965
DO07T31/F15 France 1875
ME4668/Morden Vaccine USA 1581

MB4AEET/NLS USA 1991
AFZZ0295/Quebec Canada 1872
U00735/Mebus USA 1871
EF193075"/270 Germany 1983
AB354578/Kakegawa Japan 1876
EU401987/A3 Korea 1584
EU401983/SUNS Korea 1554
EU401985/BCS4 Korea 1954

NCD08213/Human coronavirus 0C43 1560s

<BCV A& A& >
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REST
2005k WAl StSE o= 98.2-99.2%,
- 2008 WAl #FFokE 96.3-97.1%9 FAEE UER S

o AAle} FH U= FAFS 127H4] FoE EREEH, IS fEAe Fotew Fo
S A3t o] B A WHoly B AFoAE HUAAY #d dE A A F
Eimeria bovis, E. zuernii 2 E. auburnensis W+S PCRE o] &3t HE389S. S
AR T PCRS ol 83dS o da&o] dAstA w*EkAInk 2 AFolM= E zuernil, E
auburnensis, <= 2.2 AEHEN oW, E bovis7t 7HE HEEo] UdkeS & 4 gtk
= AMZE +(n=601) Eimeria bovis E. zuernii E. auburnensis

T ABE T 2 (0.3%) 35 (6.0%) 25 (4.2%)

o5
=

W A g

O & HAY BUA FLaUD FAAY AP
A A i HdAE B eRE wstr] 98 vds FdxALE A ol &

Hero ® ZF WedAo] e HAe HAdwmAdSs dAgstdon, AAH BHdA 5 BCVY 3
o N

¢S 98 = BCV nucleocapsid protein (NP), BVDV
L}?l BVDV Erns Z12]a2 BRVY &S A F4 o
protein)® s1}el BRV-VP67F 217} H% AR =T} o] 5 2 duldo

o] gk FHARE f
A2} o] Elm o] A(NCBI, MD, USA)E HA35lo] WA wolg)xe §4x ARE 3R31Y
om, Y FHA ARE wgow WA 5 ddo Axg FAdHd {FHAA AR

e A8 Faa G INLe A

« BCVeY NP @948 ¢5slst= NP F44F cloning2 NCBI (MD, USA)ol 4 #H13g ¢
71ME AR (AF058944.1)& wlE o2 A 2tH Eo]x <l xeloly S o]&3 RT-PCR
WS F3l BCV ZaME FEE9A4 AH cloningstsith. BCVZE #9d = =

ZEo A Viral Gene Spin kit (Intronbiotech co.)Z ©]&3o] BCV RNAE F=3¢t}.
CyscleScript Reverse Transciptase (Bioneer Co.)E ©]&3}o] o5 BCV RNAZ l‘%Ei
cDNAEZ A3t 3 =219 Eo]4 primer setS ©] &3 RT-PCRS %3 BCV-NP %
Z}E cloning 3Rtk ol& AWHE FHAAE GUIAE HuEAES S At & AxF
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S o] gare o)

A

>BCV-NP Nucleic acid sequences
ATGTCTTTTACTCCTGGTAAGCAATCCAGTAGTAGAGCGTCCTCTGGAAATCGTTCTGGTAATGGCATCCTTAAGTGGGCCGATCAGTCCGA
CCAATCTAGAAATGTTCAAACCAGGGGTAGAAGAGCTCAACCCAAGCAAACTGCTACTTCTCAGCAACCATCAGGAGGGAATGTTGTACCC
TACTATTCTTGGTTCTCTGGAATTACTCAGTTTCAAAAGGGAAAGGAGTTTGAATTTGCAGAGGGACAAGGTGTGCCTATTGCACCAGGAGT
CCCAGCTACTGAAGCTAAGGGGTACTGGTACAGACACAACAGACGTTCCTTTAAAACAGCCGATGGCAACCAGCGTCAATTGCTGCCACGA
TGGTATTTTTACTATCTTGGAACAGGACCGCATGCCAAAGACCAGTATGGCACCGACATTGACGGAGTCTTCTGGGTCGCTAGTAACCAGGC
TGATGTCAATACCCCGGCTGACATTCTCGATCGGGACCCAAGTAGCGATGAGGCTATTCCGACTAGGTTTCCGCCTGGCACGGTACTCCCT
CAGGGTTACTATATTGAAGGCTCAGGAAGGTCTGCTCCTAATTCCAGATCTACTTCACGCGCATCCAGTAGAGCCTCTAGTGCAGGATCGCG
CAGTAGAGCCAATTCTGGCAATAGAACCCCTACCTCTGGTGTAACACCTGATATGGCTGATCAAATTGCTAGTCTTGTTCTGGCAAAACTTG
GCAAGGATGCCACTAAGCCACAGCAAGTAACTAAGCAGACTGCCAAAGAAATCAGACAGAAAATTTTGAATAAGCCCCGCCAGAAGAGGA
GCCCCAATAAACAATGCACTGTTCAGCAGTGTTTTGGGAAGAGAGGCCCCAATCAGAATTTTGGTGGTGGAGAAATGTTAAAACTTGGAACT
AGTGATCCACAGTTCCCCATTCTTGCAGAACTCGCACCCACAGCTGGTGCGTTTTTCTTTGGATCAAGATTAGAGTTGGCCAAAGTGCAGAA
TTTGTCTGGGAATCTTGACGAGCCCCAGAAGGATGTTTATGAATTGCGCTATAATGGTGCAATTAGATTTGACAGTACACTTTCAGGTTTTGA
GACCATAATGAAGGTGTTGAATGAGAATTTGAATGCATACCAACAACAAGATGGTATGATGAATATGAGTCCAAAACCACAGCGTCAGCGT
GGTCAGAAGAACGGACAAGGAGAAAATGATAATATAAGTGTTGCAGCGCCAAAAAGCCGTGTGCAGCAAAATAAGAGTAGAGAGTTGACT
GCAGAGGACATCAGCCTTCTTAAGAAGATGGATGAGCCCTATACTGAAGACACCTCAGAAATATAA

B

>BCV-NP Amino acid sequences
MSFTPGKQSSSRASSGNRSGNGILKWADQSDQSRNVQTRGRRAQPKQTATSQQPSGGNVVPYYSWFSGITQFQKGKEFEFAEGQGVPIA
PGVPATEAKGYWYRHNRRSFKTADGNQRQLLPRWYFYYLGTGPHAKDQYGTDIDGVFWVASNQADVNTPADILDRDPSSDEAIPTRFPPG
TVLPQGYYIEGSGRSAPNSRSTSRASSRASSAGSRSRANSGNRTPTSGVTPDMADQIASLVLAKLGKDATKPQQVTKQTAKEIRQKILNKP
RQKRSPNKQCTVQQCFGKRGPNQNFGGGEMLKLGTSDPQFPILAELAPTAGAFFFGSRLELAKVQNLSGNLDEPQKDVYELRYNGAIRFD
STLSGFETIMKVLNENLNAYQQQDGMMNMSPKPQRQRGQKNGQGENDNISVAAPKSRVQQNKSRELTAEDISLLKKMDEPYTEDTSEI

f
ro

3 2 vectorell & Fcloning st %3 th.

C

>BCV primer set
BCoV NP NF: CATATG TCT TTTACT CCT GGT AAG
BCoV NP XR: CTC GAG TAT TTC TGA GGT GTC TTC

BCV NP @A 9] f42F (A) € opr]4t 47144 (B)H# cloning Zgke]® (C)

BVDV Erns® #Ax% @i de] A4S 98] BVDV EmsE olv|:=4l AR (AAF73256)&
NCBIol A x5 Az dwde] Aike Agstes ofn =il = ARERIE (codon
usage)E FHA st A A7IMEE AMEA dARIEAT. olE HASE FARRE
Higo 2§32 FA4E& F3 BVDV Ems Axg dwd LS 913 fHdxE Adst
S gt e WE o Adste 24 BVDV Erns A A} cloningS vH3 o

A

>BVDV-Erns Nucleotide sequences
ATGTTCTTGGCAGGGGTTCTCCTTCAGCTGGTCACGGGAGAGAACATCACCCAGTGGAACTTAATGGACAATGGCACCGAAGGCATA
CAGCGGGCGATGTTCCTAAGAGGGGTGAACAGGAGTCTACACGGAATTTGGCCAGAGAAGATTTGCACCGGGATACCAACTCACTT
AGCAACAGACTATGAGCTCAAGGAGATAGTGGGGATGATGGATGCGAGTGAGAAGACCAACTACACGTGTTGCAGATTGCAAAGGC
ATGAGTGGAACAAACATGGTTGGTGTAACTGGTTTCATATAGAGCCGTGGATATGGCTGATGAACAAAACCCAAAGCAACCTAACTG
AAGGACAGCCGCTTAGGGAGTGCGCTGTGACTTGTAGGTATGACAGGGAAACAGAATTGAACATCGTAACACAGGCTAGGGACAGA
CCCACAACTCTGACAGGCTGCAAGAAAGGCAAGAACTTTTCCTTCGCAGGTATTGTACTAAATGGGCCCTGCAACTTTAAAGTATCA
GTTGAAGAAGTGCTATTTAAGGAGCATGATTGCGGCAACATGTTACAAGAGACAGCAATACAGCTACTTGATGGGGCAACCAACACC
ATCGAGGGAGCAAGGGTGGGGACAGCCAAGCTGACAACCTGGTTAGGGAAGCAATTAAGAATCCTTGGTAGGAAGTTGGAGAATAA
AAGTAAATCATGGTTTGGAGCACATGCACCAAGTCCATACTGTGATGTGGAGAGGAAGATCGGTTACATC

B

>BVDV-Erns Amino acid sequences
MFLAGVLLQLVTGENITQWNLMDNGTEGIQRAMFLRGVNRSLHGIWPEKICTGIPTHLATDYELKEIVGMMDASEKTNYTCCRLQRHEWNK
HGWCNWFHIEPWIWLMNKTQSNLTEGQPLRECAVTCRYDRETELNIVTQARDRPTTLTGCKKGKNFSFAGIVLNGPCNFKVSVEEVLFKEH
DCGNMLQETAIQLLDGATNTIEGARVGTAKLTTWLGKQLRILGRKLENKSKSWFGAHAPSPYCDVERKIGY!

BVDV Erns AZx% @@ f-A4x 9 ojn] =t G714 <E

BRV VP6E s 3slsles Aol Ak g3k A7
NCBI®IABRV VP olnx=At AR (A7J3ADE H3I &
e olu Al FE A}% HeE HA4s38t skt F
A

#4< sl BRV VP6 4028 Aud ¥, odd 2@ el o= BRV VP6
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>BRV-VP6 Nucleotide sequences
ATGGATGTCCTGTATTCCTTGTCAAAAACTCTTAAAGATGCAAGAGACAAGATTGTCGAAGGCACATTATACTCCAATGTAAGTGAT
CTAATACAACAATTTAATCAAATGATAATAACTATGAATGGAAATGAATTCCAAACTGGGGGAATAGGTAATCTACCGATTAGAAAT
TGGAATTTTGATTTTGGATTACTTGGAACAACTCTACTAAATTTAGATGCTAACTATGTTGAAACGGCTCGCAATACAATTGATTATTT
TGTTGATTTTGTCGATAATGTATGTATGGACGAAATGGTAAGAGAATCACAAAGAAATGGAATTGCACCACAATCAGATTCACTTAG
AAAATTATCAGGGATAAAGTTTAAAAGAATTAATTTTGACAATTCATCAGAATATATTGAGAACTGGAATTTGCAAAATAGGAGGCA
AAGAACGGGTTTTACATTTCATAAACCAAACATTTTCCCTTATTCAGCATCATTCACGTTGAACAGATCACAACCGGCTCATGACAA
CTTGATGGGTACGATGTGGCTCAATGCAGGATCAGAAATTCAGGTCGCTGGATTCGACTATTCATGTGCAATTAACGCACCAGCTAA
TACGCAACAATTTGAGCATATTGTACAGCTTCGAAGGGTATTGACTACAGCTACAATAACTCTTTTACCCGATGCTGAAAGATTTAGT
TTTCCAAGAGTGATTATTTCAGCAGATGGAGCGACTACATGGTATTTTAATCCAGTGATTCTTAGACCAAATAACGTTGAAGTTGAGT
TTCTACTAAACGGGCAGATTATTAATACTTACCAAGCAAGATTTGGGACGATCGTCGCAAGAAATTTTGATACAATTAGATTGTCATT
TCAGTTGATGAGACCACCAAATATGACACCAGCGGTTGCAGCATTATTTCCAAATGCACAGCCATTCGAACACCATGCAACAGTTG
GACTCACGCTTAGAATTGAATCTGCAGTTTGTGAATCAGTGCTTGCCGACGCTAGAGAAACAATGCTTGCAAATGTGACATCTGTTA
GACAAGAATACGCGATACCAGTAGGACCAGTTTTTCCCCCAGGTATGAATTGGACTGATTTGATCACTAACTATTCACCATCAAGGG
AGGATAACTTGCAGCGTGTCTTTACAGTGGCTTCCATTAGAAGCATGCTAGTCAAATGA

B

>BRV-VP6 Amino acid sequences
MEVLYSLSKTLKDARDKIVEGTLYSNVSDLIQQFNQMIVTMNGNDFQTGGIGNLPIRNWTFDFGLLGTTLLNLDANYVETARTTIEYFIDFIDN
VCMDEMARESQRNGVAPQSEALRKLAGIKFKRINFNNSSEYIENWNLQNRRQRTGFVFHKPNIFPYSASFTLNRSQPMHDNLMGTMWLN
AGSEIQVAGFDYSCALNAPANIQQFEHIVQLRRALTTATITLLPDAERFSFPRVINSADGATTWFFNPIILRPNNVEVEFLLNGQIINTYQARFG
TIARNFDTIRLSFQLMRPPNMTPAVNALFPQAQPFQHHATVGLTLRIESAVCESVLADANETLLANVTAVRQEYAIPVGPVFPPGMNWTELI
TNYSPSREDNLQRVFTVASIRSMLIK

Bovine Rota virus VP6 @@ e] it 2 ojw|il A7|4E

O & AA BUA Az FeSyd Y4S A% F+3A cloning
A

F71ol A Adrd BCV-NP, BVDV-Erns, BRV-VP6 Z} FHdAES Agdasr Az 2
ligation W8S Ea thEre] @z MRS vector AP HAUTH RE AR AL oz

2

o) B4 9 A4 5L uelste] RE grgumde] C-wrelE 8X His &

A7 st A T

o Autd pBCV-NPE Hind II$} Xho I Aldt @42 Agd F 22 #2133 49¢ Hind 119}
Xho [0.% #2]¥ pET21b expression vectorel] T4 ligase (NEB co.)E E3] A3t}

_29_



pET21b

BCV-NP

BCV-NP %A A9 cloning

23 ¥, #& Adairrt AHgE pMBP vectore] T4 ligaseZ
PMBP expression vectori= pET21b vectorE wvl® oz A x3g vz o] Nuwho] MBP

(maltose binding protein)e] ZAg ¥ o] wHldo] olAHEA WHAFHEE A ZH  vector

plasmid24] 3% & BVDV-Erns o] Bl w5 &%

A B
kb M no.3 nob5

pET21-MBP

pUCsT
BVDV-Erns
BVDV-Erns

BVDV-Erns ©@¥3d {9 cloning

NP} -5 A3k, plasmid DNA pBRV-VP6Z45-8 Nde 17

. ®3 BRV-VP6& 7] BCV-
Xho I AgtEA Az Egd F, 2 Astasrt A9 pET21b 2d vectorol] T4

ligaseoll © sl AFJAIZIT
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pET21b

pUCs7?
bRota-VP6

bRota-VPG

BRV-VP6 A%3 d#A 429 cloning
O 42 AAY HYA AxTE g AL =L A

2 AA WA AxT A7 AAdE 2d wE pET-BCV-NP, pMBP-BVDV-Erns,
pET-BRV-VP6 plasmid DNAE= ©91d 2g of <l BL21o| €54 Wd weh 4435
ANAT AAAS A7 PEFTFS FAEA] 100 ug/mlz AHd LB Ao Z=alo] A
7] plasmid7} B2 H3E dd F=2YE A

2 AR WA fAATE 3

-

9 gyt 34390 o5 S90S 1XPBS (pH
== 3]

=3} A7l Nikel ion resin columne®] FY3to] A %3 Gl Aol Nikelo] 2

g

4) §HS o] &3sle] 33] FAF T 250mM Imidazoleo] H7}E 1XPBS (pH 7.4) &4
g dmAS £E559 Y. £5d" 898 SDS-PAGE 4S5 B Az
% E4% ¥, IXPBS (pH 74) &dez FAsto] &y Imidazoles
A 7y A zFdFEMA =L Vivaspin Tubo 15 (Sartorius Co.)E ©]-8-3}¢]
5ot A ¢ & A GwE AAS 9 FPow AFH AT

+ BCV-NP Al2gem e 459 opmlisbo g o} glom, o 51kDasl Az wude 4



sttt &7 el YERd vlel o] BCV-NPE 2&st= g AxEe {3 oA
50kDa2] wuldo] ity w11 dS5S A = Ao, Nikel resin columne §3F 313}
A ARvtEaYZE 8 BCV-NP A% duizo] 2 AALALS 2 4+ 9}

ko M Lys F W E

100
75 - .

B3

35—+

L

20

17+

BCV-NP AZ% wuide] 44 2 3
A

ShA| 255 ofn|=sto 2 A E 25kDael BVDV-Erns A &3 @yl dS Az do] &
g L AHAAE F7HE Y N-go HZo] 40kDa =719l MBP (maltose binding
protein) Z18]3 C-¥do+= 8XHis A5 AdA|A o 7lkDa A xg wdd S A=
= AAergint. okl 1ol yEkd vkel o] MBP7F 2%%¥ BVDV-Erns A x¢ oz
2 70kDa F-++oll 4] inclusion body 63“41& = THEE & T U olE 42 8M
urea (pH8.0) &5 o]&sto] &&A17 F 2L 8M urea (pH 80) Ao g F53 A7
Nikel resin columns E3l AA|sAth ol AAH A3y dlde 6M urea (pH 8.0),
4AM urea (pH 8.0), 2M urea (pH 8.0), 1M urea (pH 80) & A& o]&3le] gz FA 3}
of @A AxY (refolding) A2 F, 919 BCV-NP Axzghctiide] Wiz FdsiA A
Z3F dds A2 F AGEFste] FAddw ARz ARgEtqth ofg) ¥ ¥ o] MBP7F
A%¥ BVDV-Ermns Ax3 dWae oF 70kDae] Z7|2 & AAlHo] Atz Azt

¢
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no.3 no.5
kb M S In S In koM Lys F W E
100 ——
75 100 —
75 P
63 + 53: o d
48 - 15 S8
& 35— ==
25 % .
20 20 —a
17 -
BVDV-Erns M=% dfde] id 2 A
wg, 398 obmato AE oF 48kDa BRV-VP Axd @wmas wass ddds
Ao M Wl & AxFENAS F3AS d, o] © A Lok oF 48 kDao
oA Inclusion body®] FEZ A WHdst= Aoz YeEt ols oA w3k A
719 BVDV-Erns®t #& wWwoz 8M urea (pH R.0)% Axg vdWAS &EA7 &,
Nikel resin columng o] &3t sty aAZvfE Y AA 2 dwlad Pz AHS AH
w2 A etk 1 o], BRV-VP6 A& dw A2 oF 48kDae] ©H o= A SslA
2] AAERoH A Al Az2HS sk FPo R AT EA
kD M LFE F w E
F. -~ — ¥
100
75 -
ﬁ"}_
48 =
15
2.5_
20
17
BRV-VP6 Ax3 ddfde] ik & 22 A
O 2 AAY HAA ddS2 IAd A AAk
AR WA HAas 93k ddFE FA LS 8] ArldA dd HAS A7
@l Al BCV-NP, BVDV-Erns, BRV-VP6 & &9 @9z 2 o] &aqlch sha, 4
Al Giardia®l A AAHS A% (AN AL Giardia cystsE Bio pointAlZF-E Fujjsle] A}
43k T}
FA AYE Al 7] FEEHEES 1 mg/ml FEE FAE F Freund's complete

33 -



adjuvant (FCA, Sigma AH<¢} &35t B AS A xss o™, BALB/c vF-%-222] foot padel
FPT oz WYslE fE3tdth U@ A3 Freund's incomplete adjuvant (FIA, Sigma
ADE S oEAS 25 (Ao =E 33 FUF AGA o2 A A5S FEsh
A, GdSE A S e "EUt HE gRd F, dosd ve22RY S8
Hel oo gz alo] . =

= PEG 1500(Invitrogen AhH)3} &7 &
grele] MEGFES T olE §3H Ax NS HAT(hypoxanthine, aminopterin,
thymidine)7} $Ff¥ wix o] FH-A171 5 96 well plate (SPL Apol] 5 3+ & CO2 wj 7]
A A EZ v st ST

THE MEFEZEYH ddEE 3A Y AEzFE Adst7| 98] ELISA (Enzyme-linked
immunosorbent assay)E °©l-&3% &3 Az AES AASHAT 247 Axd 3 A
S 1 pg/ml F%7F ¥ %% 50mM sodium bicarbonate buffer (pH9.6)oll 3]A1slo] 96 well
immune-plate (SPLAR®] 50 pl® &3 & 4ToA] 16A17F vr&- Al AT 2} plateE PBS-T
(1XPBS-0.05% Tween-20) &4 2 33] MAg 5 7t welld &3 AEF widd 100 pl&
A7 star 37TCoAA 1AIZEE B RESAIZITE 7|9k 5ds PBS-T &9o= 33 A3t
HRP (horseradish peroxidase)”’} #2t# anti-mouse IgG A (Fitzerald A} 34 A4S 50 ul
A ZE welloll H7bghe), 37Tl A 1A 9hb-gAZ1 5 7o sdstAl 33 A& stal HRP 7]
2 &< TMB solutions #7Fgtey. TMBEY H7F $ AF2elA 57107 wH&A1Z th& 05
M H,SO, &1& H7bete] whgS& ¢hmA|ivh. ELISA W& ZA3t= ELISA readers
250nmI} gl A o] FF 2 FAs AAdste Ax

. I
o

==

)

4 g

a2

ol
2 L AN o
fo me rir

ELISA#-2AJ ol A 2 T FAEYEY. o] ELISA #4 & %3
F2 A= A= 1A NEF 3, 78 Y% % 8 23 ELISARAS AA
6 L

=
W, HEAoE 72 ggdd g DASE G AY AEFEL Awaigrh

]_

o
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Brocedure Datajis
Plata Type 5 WELL PLATE

Ejnct plate on completion
Read Absorbance Endpoint
Full Plate
Wavelengths: 450
Read Speed: Mormal, Delay: 100 msee, Measurements/Data Point: 8
Besults
Attual Temperaiure L]
3. i 3 4 L] 7 ] ] 1% 12
A 0163 018 0,143 0.107 0,148 0.133 0157 0.141 0,151 0153 0.158 0181 e
B 0.134 [RE] 0.11 [X] 0.122 0.084 0,109 0102 0127 0108 0,106 o
0171 0.10¢ 0.089 0.107 0.081 011 012 0084 a1 0113 | 0417
0142 | 011 0.1 0.085 [Ty 0.09 0083 0.10! 0.101 0.2 0.081 0.3 a0
0.128 0117 0,058 0.11 0058 | 008¢ 0,087 0.0B 0.1 0.118 0.1 0.f34
0127 | 0426 | o108 | od14 | 0088 | o141 0081 | 0.1 0122 | 011 011 | 0168 Jaw
[] 0.138 0.118 0.114 0.114 0.107 0115 o.028 047 0. 0.11 0.107 0.147  laso
H 0.205 0.13 0.141 0.128 0.138 0133 | 0722 0.134 0.141 10,15 014 0152 a0
Results
Actual Temperature: o
1 2 3 [] 5 [:] T a [] 10 1 12
A 0.188 0.13 0.1 0122 138 | 0143 0.118 0.18 0.148 0135 157 0.18 =
1B 0.147 0.0% 0.10d 0.097 105 0088 0.10° 0107 0.10 0,088 084 0,138 jea
c 0128 0.12 0,105 ooes .093 10 0,108 [RRE] 0.1 0,106 112 0145 fae
D 0128 0.053 0.007 0081 | ooss 098 | 0108 0.098 0.08 010 137 0. a1
E 0138 0.11 0.08 0.118 0.104 098 £.085 0.104 0.10 0,081 0131 0188 |
= 0138 0.0 0.095 0.004 0168 0.098 088 0.087 g1 010 0.128 N 450
G o117 0,11, 0.112 0,091 0,101 0.104 A7 0,103 0104 011, 0. 3178 e
- _H 0177 | 0152 | o118 | 0448 | o148 | o124 L1145 | 0144 | D14 | 0es * 1218 |ao
Besults
Actual Temperature: 1]
2 3 4 5 Z T & [ 10 11 2
A 25 0132 1 0139 | 0118 | 0126 | 0128 | 043 0,125 ; & _Juee
] 12 0.103 o1 107 114 0113 | 0.907 | o108 0.113 ), ‘E‘
i 135 111 011 107 1 0113 12 0.11 0113 ot =
D : 103 102 D11 011 088 0.1 0.057 0.101 12 ]
E 0108 | 0108 | 0096 D11 0.1 009 | 0125 [ 0107 | 0425 | 0.401 12| 0435 |0
E 0103 0.051 0.118 X114 [ 0.088 ooes | 0082 0.103 1w0g | o031 32 e
G 3 0118 D. [FL] 0.1 0118 0.104 0107 0118 | D118 e
H 1 1 0. 118 =
Rasults
Actual Temperature: o
2 5 ] Ee=l==1% ] 10 11 12
o 0145 = 0 0178 | 0143 a5
037 | oes | 0133 | 03n 0.133 [] iR 1168 | 0.1 s
0142 | 0169 i8 (K] 0.144 £ 0, 148 015 138 0114 el
0.15 148 0128 015 .13 0. 115 0159 0.138 0.1 o
E D156 0.13 013 -5 B o141 | | 012 0.1 0.115
F 8% | 0132 0144 0.118 153 013 | ~l 6188 | o1 i = |as0
G 0147 | 09 0.118 0.13 48 0.1, 0.1 0115 0.137 154 0.143 =
B 0153 | 0152 | 01 0.148 = -5
31 . =13
ELISA ¥4 & B% Glardia @28 A AR AEFY 13 A2 (oA
Procedury Detally
Plate Type 86 WELL PLATE
Eject plate on completion
Read Absorbance Endpoint
Full Plate
Wavelangths: 450
Read Speed: Normal, Delay: 100 meec, Measurements/Data Point: 8
Rosults
Actual Température: 0
1 2 3 1 4 5 8 7 8 |3 10 11 12
0.082 0.093 0.083 0.086 0,094 0,108 0.088 0.088 0.098 [
B 0.088 0.098 0.088 0.085 0.17 0.082 0.082 0.083 e
5 B | ooeg 0.085 0.086 0.083 021 0.083 083 0.008 |aso
008 0,087 0.088 0.09 0.223 0.084 0.086 0089 |0
0.087 0.082 0.082 0.088 228 0.087 089 009 |0
0.392 0.1 0.08 0.094 228 | 0085 | 0088 | 0089 |®
G 0.108 0.11 0.10¢ 0.104 L2951 0.113 0.105 0.128 a0
H 0.121 0.124 0.116 0.121 0271 0.112 0.107 0.12 |e=

ELISA #4& &% Giardia @FE A BT 2x AT (A

NEFZ BAEFI HF
F 183 Giardia

ofzle] ol welE wlsh o], BCV-NP| tj@ vl
e 13, BVDV-Ernsell thafj A= 434325, BRV-VP6el| o3

:_
>
(e
W
a1
>
53]
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o aiM = AMEFE HF AT + AATH

ELISA 48 E3] Add A& HdAHH HAA9 g2&
GA A AEFY BF

No. | BCV mAb | BVDY mAb| BRV mAb |Giardia mAb)
1 13B6 2H10 11F12 AZG4
2 1A6 6C3 11G1 A4A9
3 1C3 8Gs 12F4 A4H3
4 1ES 2E11 12F5 BI1BI11
5 1HS 7All 16A3 BiBl
6 G2 3Bl 1B7 BiGl
7 2G4 4A10 1D4 B4E1
8 3A3 4G3 1ES B4E12
9 3B6 6A9 25A10 c1co
10 3E4 1G7 15D8 C1HS
11 3E9 2H2 25E2 CIBET
2 3G11 3F1 15H5 c3aAl
13 3G9 4E7 26E9 C3iGl
14 4B1 4E7-1 26F6 C4F8
15 4C5 4E8 26G11 DI1ES
16 4F7 5B1 27E12 E1B10
17 4G7 7B3 218D7 E2F4
18 4H10 §A3 28F2 E2H12
19 5Al10 2H2 18G4 EIHT
20 SD1 2H6 28H3 E2H9
21 6F6 3F1 30D7 E3H3
22 TAG 4E2 30F4 E3H3-1
23 7ES 5Bl 3E6 E4E2
2 TG11 6G1 4G5 E4G4
25 3Cs A6B2 5G3 F1ES
26 3Ce 4E8 6D1 F4Cl1
27 AlBS 10F6 6D12 F4F1
28 AlD11 B1G3 6E12 F4F12
29 AlE® 4E7 6G12 E2G7
30 AlHS 4E7-1 6H9 1F11
31 A2D10 AlF12 TE1 2C10
2 A3B11 14H3 8B4 161
33 A3HT 4ES(SEM) 8G3 4G5
24 A4D3 4E8 13G8
35 A4F11 1E6 M1
36 A4F9 1161
37 A4HI11 8C2
38 ATEG TE12
39 7D6
40 8G11
41 22D4
2 2444
43 16D6
B7VeA A A BA dd2E A AN AxFES T-25 T-75, T-175 flaske]
wAA o R wddonA MIAEFS SANR F A Ak AxFeh gl 2esto]
34ttt 3led S A-S amonium sulfate FAS T3 @ AS F=3 5 Protein A/G
= &l FAwNAS AAet &=

7F A3H4E cellulose beadE E3F X3 A R EIYIE F3 ]
¥ (Glycine buffer, pH 3.0)2 &Z%3It. &9 zF dAdW AL F38 v (Tris-HCL, pH
= A

9.00& #H7tste F3A71 ¥, 1XPBS buffer= ot AgstAn. A, 343



AEFEL Ao FZEEZG L, A5 A mkbg2e] Bio] F9iste] dd=
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A AGS 9 FA B9 44

A G 71EQ AAS Qg HAo FAN AES AAsAY. 7
= &

AAE S RYA @A =S o|&sto] Z HAA FAdude o

HA ) AR ALS lateral flow immunoassay AAE|AEE 7]Hlo 2 3 half-testE =3
12} &3S Adskgict. WA Nitrocellolose membrane (Nupore A}, 10 pym)¢] control lineol
= goat anti-mouse IgGE EF3}1L, test lineoll &= ZHzte] A AS EF3 & 3w Fok A
A7tk 71 %% Nitrocelolose membraned] F 23l =& F23tal 4 mm Alo] =2 A dhslo
pair testE® ¢33 2EHS AZsEA T 96 well plateo] & Y@ Aot A2gA71 2 &4 5l

pol 13 e gle.

=
[e)

XS 10709 Asdo] AMtE¢low BVDV-Ernse 4% 14H3S >3+ 1070 A4,
St 1170 193 Giardias AGHE £33 67019 34

G 1£5
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6012
AxAEHE Azxd A A= A5, A3 719 harf-test® o} Az M 7|7 sk AL
& H 5o FAZE 72 5 vk webA, 2 yaAd g HAHe FANS 2] Y 1
2 ArS T AdE zZF HgA @ © 2 Full stripg o] &3 22 A Auks

2 g gA FAEE FA
7+o] Nitrocellulose membrane®]| goat anti-mouse
Aol zbzh B8 5, Ax=A 00 su=dA7E 2949
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T gE FAE FAE Fyv=dA FHA padd w53 %, AxAZY. Ax

Nitrocellulose membrane®l F3A padE H 2}

%, 0.6mm= A3t full stripgE Al &S

assay buffer (1XPBS, 0.1% triton X100)ol 3]As}a 2zt
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Al
14H3°] BVDV &g 93t Aoz 4G5 13G97F BRV A ehS
1F113} 2C100] 2 AAVY Giardia 79 93 H Ao gAnoz A

AdE AR 5F,

].
28 A4 FAF 25

A
BVDV | BRV | Giardia
No. [BCVmAb| e i
1 4G7 4E7 6D1 1F11
2 2G2 4E7-1 | 25A10 | E2G7
3 A3H7 | A1F12 | 28F2 1G1
4 3A3 6C3 13G9 2C10
5 3B6 1E6 1D4 A2G4
6 2G2 AES 6D12 4G5
7 7A6 AES 25H5
8 4G7 A6B2 26F6
9 A7E6 | 4B53 | 2807
10 | A4H11 | 14H3 28G4
11 M1
B
Pair |BCV mAb BE: iﬁ: G;:‘;‘::“
Capture ATEé6 4ES8 M1 1F11
Detector | A4H11 | 14H3 13G9 2C10




A A WA e wEel Solk AANE s AUl AdE HA o FARS
o] g3ale] zZ+ HAA ¥ Lateral flow assay kitE A ZFsta 7 A xg stduaz 2 o
A}

7)
HE o] g3 v Eo] ¥k 9 wxk HkS-A S A3t BCV WS 98 capture mAb= A
719l ATE6E, H4x=T3d mAb=E A4HI1Z 3ste] 479 Zo] LFA 71EE A ZFsSit).

BVDV®] 7% 4E8% Capture A2, 14H3E Fue 5@ A2 d9lov], BRVE 7]
Eoli= 4G5% capture AR 1366 Fihe FTHFAL AL, & A Giardia AT
AT IFIE capture A 20108 FUweZdAAZ sfo] As=s Aaele, A%

24 AR EE o]§ste] Z7e) o] g N EE :

e BCV-NP w¥AS 100ng/ml, 10ng/mlE 3 Alsle] A Az} ofgf 18I} 2ol
10ng/mle] FHAE A& F Ae =& WSS 1

« ¥, BVDV A4l dolA= BVDV Hiolej27t e AEFEES 34 sto] 100 2
10008} g2 lS wlw B35 A3t 10008] 3] doM= HAEHA kot 100 3]2]
N = Zet l % 2

« =%, BRV %

2
N
2

ot
ok,
4%
ol
£
Ny

=
EE #dAsh

* Giardia &994W A S 100ng/ml, 10ng/ml
2 7z

[¢)
7} zro] 10ng/mle] FPorwALT 2 7538
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Folx] AALE A HYA AP E9 napgkE H] Ho|Ad AA. A, BCV IH7E
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RT-PCR, real-time PCR &< &3 a3 d g%& v F433A ol& 9 =4

g S 2 4 = A9 FEAAAMNEAE SAHCE SR 2, 84 2 dY AE

s 7H=E AA BAS T8 A9 2 AR gld HAAS TAHCE dE AT E

o] 55 Ml

o WA Bovine corona virus el 9ol RT-PCR &4 FAHAZ Eojt 49 #HA
(91%) ¢ 4oz wax o/le S-84A (9%) & F 54 AAE T2 FAs AT
1 A3, real-time PCR X &ol A& 57%7F ¥4, 43%7Fe/d o= ysgkom, A= 7dd
AT FENAM = 96%7F G, 4%7F SAANES BT Egh ol Xd Wy JEr
A eE BAg A3, A= de Beo dAd 7|ES RT-PCRYE S 96%°] YX4
S YER BEAE| real-timew A B ZH2F 57%9F 59%¢] w2 AL E HolFolTh
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HE HE 2% =4 ¢t
RT-PCRH 49/54 (91%) 5/54 (9%) -
HEdH .
xIche real-time PCR 29/51 (57%) 22/51 (43%) -
L=
Hyct 52/54 (96%) 2/54 (4%)) -
real-time PCR/RT-PCR'H 27/46 (59%) 3/5 (60%) 30/51 (59%)
UX = H2|C}/RT-PCR 48/49 (98%) 1/5 (20%) 49/54 (91%)
H 3| C}/real-time PCR 28/29 (97%) 1/22 (5%) 29/51 (57%)

Bovine viral diarrhea virus o=, RT-PCR XA 57%7F &4, 34%

1) 94 AAE ol §3hel real time PCRS}F 4157 AWE AT AEE um A s
1 A¥, RT-PCR¥ 2 real-time PCR el —46L Ao A= 41% YA, 59% 4=
Yskon Az Alwd 7EE BalA: 34% A, 66%7) % How »}w E o]—;— 2

g AdAEE BAS Ao %, Algf 7H‘E‘EL
RT-PCRHl sl z+z; 32%, 41%9] w2 o
real-time PCR We dX%= T3t 60% W=

2 et
HE HE %M =4 ¢t
RT-PCR'H 54/94 (57%) 40/94 (43%) -
HEE .
- real-time PCR 39/94 (41%) 55/94(59%) -
Ticks
Hoct 32/94 (34%) 62/94(66%)) -
real-time PCR/RT-PCR 19/54 (35%) 20/40 (50%) 39/94 (41%)
AKX = H3|CH/RT-PCR 17/54 (32%) 15/40 (38%) 30/94 (32%)
H 8| CH/real-time PCR 16/39 (41%) 38/55 (69%) 55/94 (59%)

A= RT-PCR &4°lA o=z =gt 707/ SFAAAA
Q10719 SAHA (12%) % 80 AAE EH’;}QE H]JLB}H o}oﬂﬁ}
O A, FAAE JEMAE 99%7F FAAAR 1%7F SA
PCRolM = 68% 7F ¥4, 32 %7F 4 o2 e o5 e dAEE %*—15& 23,
FARF7E= RT-PCRH 86%°] w2 HA=E e ¥ real-time PCRS 72% 7

T
©9) tha 2o IAEE Ry

Bovine Rotavirus Xt
(88%)9F S W
E
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HE HE 2% =4 ¢t
RT-PCRH 70/80 (88%) 10/80 (12%) -
HEdH .
xIche real-time PCR 51/75 (68%) 24/75 (32%) -
L=
Hyct 79/80 (99%) 1/80 (1%)) -
real-time PCR/RT-PCR 51/65 (78%) 1/10 (10%) 52/75 (72%)
UX = H2|C}/RT-PCR 69/70 (99%) 0/10 (0%) 69/80 (86%)
H 3| C}/real-time PCR 51/51 (100%) 1/24 (4%) 52/75 (72%)

T uE dArs a8 8] 959 Giardia el A= PCR el o3k xhel A ARt
o B 8 HA B6%)9k F4ZAIE YEhd 14 AAl (64%)5 WFez 7E AlaFel
AALS] AlFI AR JdE FAINSTES HuEAsddt 1 243, PCR 1@ widi=
AAE AFES 64%7F FA 36% =4 =

A= e FPAE 7| E= PCRE I vl &
F¥= 59%9] dAE=E B

HE HE 2 =4 F8
PCR'H 8/22 (36%) 14/22 (64%) -
NEE
&= AAF 14/22 (64%) 8/22 (36%) -
ZCHE
Hyct 13/22 (59%) 9/22 (41%)) -
AAL/PCREH 0% 0% 0%
UX = 23| Ct/PCR 8/4 (50%) 5/14 (36%) 9/22 (41%)
HY|CH/AAL 9/14 (64%) 4/8 (50%) 13/22 (59%)

o] Aol wEw WA wet IS A8 At A
BVDVY o] ¢lo]A = RT-PCR, real-time PCR, 417F 34zt
o dA=E Hol HWAA kel o] Fr Heko] Ao¥ Aow HT 3
BRV] zldhel] SlojAe 37b4 e BF 52 dAEE Holu 5

v A9t FYRS 71EZE RT-PCR¥ 86% o9 ¢ =& dA=E Yedth 4,
Giardia A A Al A= 2ebgel] gk A&s 288 Wgrlels 44 AAY 71 vy

A}t AT 7)1 AlETA AARS] AlEo] HlsiA, A= JiEE AT J]E7F PCR

_,4
o
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W e
0%

o
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o

_43_




o}

°

Q.

A8

=

=

skt WA 40nm Y=Y AeF 10mM PB

o

Bl

b o,

IS

a7

o

=
oo
T
i
o)
X
ﬂ,ﬂ

(IXPBS, 0.1%

e g

g

ol

al

Trinton-X100, pH7.4)°]

{ BCV, BVDV, BRV, Giardia

O

L
a

AR

e

A,

Y2

ol

H 2 Nitrocellulose
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3. AR % AW L SE A

b AR A
(1) BR A 7784 3%

O AAlZ Fopxle] o3 xALE B A FEubbo]g|~(BCoV), 4 =RERHbolzl

(BoRVA), 4 Hpolef2 AAL vpo]2{ 2(BVDV)9] F+HE A

il [e) )=
2 {FAd4 54 4

T EAE R 2 £ BEAQABANA B, A, DY 5 4826 AAT +

3lo] RT-PCR % real-time PCRZ FHE ZA}

o BWOlME Giardia7b 287 (3.3%), BVDVZF 957 (
(53.3%), BCoV 7771 (9.0%)°] HZEEJa o FHA o
XM= 35.5%7F BVDV ZEE IS &2k

o 48 ¥AAY BCVe 4§ 7]E oA Had

= o=z waxon, BVDVY A$ 1bdo] 48% = 7@

o

W Giardiayx % HAA F 96%7} assemblage E J O 2

O ©F¢] ulo]#] ~(BCoV, BoRVA,and BVDV) &7 % njk
o 9M3F o] 2 ofe]Be]x &gsti BCV, BRV, BVDV HjYF

e}
| 19%3 7} <okth. BRVE 49 G6P(5)7F A &

11.1%), BoRVAZ} 4577

A= 65.6%, A AA

e % o=z zol7} 9
Wi, 2a8o] 34%, 1a¥
% 70%E Z}A]8F L

=t

+ BVDVE BVDV-1% % BVDV-23S 22] wigfstol A 44 o FAlcdel 93

Al 7—]501] 3+ Q Sh
o TWo =0 o-

O BCoV, BoRVA,and BVDV 3¢ XS7E A AZ 7
e BCV, BRV ¥ BVDV A|%3% 3s-dutwiae] syt
e« BCV, BRV, BVDV % Giardia S-Agdde] 7 @ HA
[e)

2]
« 7i¥rd BCV, BVDV, BRV @A dS o] &3 & JIH7|E

Bt

O dA AN#HF<Q Grardia duodenalis®] 71&
o AEAFR VIE AEFSE o] uhA] e

=
o ME NS Giardia FA WAL 7)HEO
[e)

o N

Giardia 39

A7 E 7
_]
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* Giardia 473 AAE ol&sto] 7IE Al F1 AAMS AlE3 vl A% A3, AL

Al s 453 FdE Adads vErd
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Full genomic characterization of the bovine-porcine reassortant G5P[7]
rotavirus isolate detected in diarrheic calf from the Republic of Korea
Hyung-Chul Cho', Seung-Uk Shin’, Eun-Mi Kim', Jinho Park?, Kyoung-Seong Choi'*

"Department of Animal Science and Biotechnology, College of Ecology and Environmental Science, Kyungpook National University, Sangju 37224,
Republic of Korea
2College of Veterinary Medicine, Jeonbuk National University, lksan 54596, Republic of Korea

+ Group A rotavirus (RVA) is widely known as one of the main pathogens
causing neonatal calf diarthea worldwide [1].

+ The main characteristic of RVA s frequent recombination events in nature
2.

. is an important i process  that
facilitates the diversity in RVA strains [3].

+ In this study, we performed full genomic analysis of an unusual strain,
RVA/Calf-w/KOR/KNU-GJ2/2020/G5P[7], ~ detected in a 2-day-old

neonatal calf with diarrhea.

+ Total RNA was extracted from fecal suspension using RNAiso Reagent

(Takara, Tokyo, Japan). -
+ Real-time PCR for VPG gene was performed to detect bovine rotavirus aneseny 1M

infection, and then was employed for amplification of VP1-4, VP6-7, o8

and NSP1-5 genes by RT-PCR.

+ All amplicons were sequenced and were included in phylogenetic trees. y ) -

RVA genotypes for the 11 genome segments were assigned using the ::g;'i:u;;_limm"e:"f&iz °'va"'ﬁegeazsw:; w;m‘::d ‘l‘(sh'"[j’s"jz
Vius Pathogen Database and Analysis Resource (VIPR, belonged to the M2 genotype and were closely related to reassortant
www.ViPRbrc.org) tool. § § bovine and porcine strains. Blue, yellow, and green box represent typical
* The amino acid (aa) sequence comparison within the NSP4 gene was. bovine strains, reassortant porcine strains, and reassortant bovine

conducted using Multalin software cirsing, rospacivaly d

(http:/imultalin.toulouse.inra. frmultalin/). g

150 160 1 175

050, (P
PRES121(P) Y,

+ By sequence analysis, genotype constellation of KNU-GJ2 was =l 3
completely determined: G5-P[7]-5-R1-C1-M2-A1-N1-T1-E1-H1. K1)

« Of the eleven gene segments of KNU-GJ2, the VP3 was '"“":_"1-{:;
phylogenetically associated with bovine strains, and reassortant porcine LR
and bovine strains, while other ten genes possessed the genotypes of 15.(P)
porcine and porcine-like strains. o i

+ According to the phylogenetic trees, KNU-GJ2 clustered with porcine KMLR)
strains K71 and OSU, and porcine-like strain KV0407 in the VP7 gene, i g assena
and grouped together with porcine strain K71, porcine-like strain K5, -
and reassortant bovine strain KJ9-1 in the VP4 gene.

* In the VP6 gene, KNU-GJ2 was assigned to the I5d genotype with Figure 2. Amino acid (aa) sequences comparison of NSP4 gene of KNU-
porcine strain K71, porcine-like strains KV0407 and K5, and reassortant GJ2 have conducted with porcine strains (P), reassortant bovine strains (R),
bovine strains KJ11 and KJ44. porcine-like strains (Pl), and bovine strain (B). This shows aa sequences

+ There were amino acid (aa) sequence alterations in enterotoxin domain alteration in enterotoxin domain and interspecies variable domain of NSP4
and interspecies variable domain region of the NSP4 gene: locations between KNU-GJ2 and porcine strains OSU, PRG9121, and SB1A

114-135 and 131-141, respectively.
+ Compared with other porcine and reassortant bovine strains belonging

to the same genotype E1, KNU-GJ2 differed in four aa with porcine

strains OSU and PRG9121, and in one aa change with porcine strains

A253 and SB1A within these regions.

« The unusual genomic constellation of KNU-GJ2 suggests the evidence of
genomic occul by It in the
Republic of Korea (ROK).

. Our results support the importance of constant surveillance on

reassortment events and genomic characterization of RVAs in the ROK
for lishing effective vaccine strategies.

15 |Rijct M) At | Nt |71 | E1 | H1

Table 1. Comparison of genotype constellation between KNU-GJ2, porcine
strains 0SU and K71, porcine-like strain K5, reassortant bovine
strains K9-1, KJ11, and  KJ44, and bovine strain NCDV. Yellow- and green-
color belong to representative porcine and bovine genotype, respectively.

Strain VP7| VP4
[RVA/Calf-w/KOR/KNU-GJ2/

G5

[RVAPigG/USAIOSUSTT! | oo
[G5P(7)

1. Rajendran P and Kang G. Molecular epidemiology of rotavirus in
children  and animals and characterization of an unusual G10P[15]

P7)

P

Py |15 |Rifctmi)| At | Nt | 71| E1 | H1

RVAIOIOWVWKORIKS&DMI PO strain associated with bovine diarrhea in south India. Vaccine
Pl
P71

15 |R1|C1 M| A1 N1 ™ E1 H1 2014;32:A89-94.

. Steyer A., et al. Human, porcine and bovine rotaviruses in Slovenia:
evidence of and genome
Virol. 2008;89:1690-1698.
Bwogi J., et al. Whole genome analysis of selected human and animal

~

At N2 | T | E2 | H1

©

M2

15 |Ri|ctfm2]| At | Nt | Tt | E1 | H
M2
M2

[RVA/Bovine-tc/KOR/KJ44/2 rotaviruses identified in Uganda from 2012 to 2014 reveals complex

G5 1]| 15 |R1|C1 Al N1 ™ E1 H1 . .
l006/G5P(1) il genome events between human, bovine, caprine and
[RVA/bovine-tc/USAINCDV/1 c6 | P | 12 [R2 | c2 Az |ne| 16| E2 | H3 porcine strains. PLoS One 2017;12:e0178855.

<ol ehs] g EAED

O & At #d A74¥ 29 oA T=A TR

 Jang DH, Cho HC, Shin SU, Kim EM, Park YJ, Hwang S, Park J, Choi KS.
Prevalence and distribution pattern of Cryptosporidium spp. among
pre—weaned diarrheic calves in the Republic of Korea. PLoS One. 2021 Nov
15; 16(11): e0259824.

e Kim S, Yu DH, Jung S, Kang J, Park K, Chae JB, Choi KS, Kim HC, Park BK,
Chae JS and Park J, Biological factors associated with infectious
diarrhea in calves. Pak Vet J. 2021 Nov 22; 41(4): 531-537.
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