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Abstract

Wild short-nosed fruit bats samples from Shaoguan City Guangdong Province were scrunched and
inoculated in Vero-E6 cells. Two virus strains were isolated. One virus isolated from short-nosed fruit
bats didn’t caused cytopathic effects (CPE) until fourth-passaged on Vero-E6 cells. Infected cells
emerged granulating, shrinking, rounding and falling off. After three times freeze-thaw, cells and culture
medium were harvested for electron microscopy. Virus particles were nonenveloped, double capsid and
icosahedral symmetry. This virus was designated Bat/China/2003(B/03). Hemagglutination test
indicated that the virus could agglutinate healthy human type O red cells, but could not agglutinate the
red cells of SPF chicken, experimental common bovine, rat and guinea pig red cells. This virus is
tolerant to chloroform treatment and pH3.0. Virus loses infectivity in water bath 50 1 h. 1M Mgcl,
can enhance resistance of virus to heat treatment and increase infectivity. Nucleic acid electrophoresis
on agarose gels suggested that the genome of this virus was divided into large, medium and small parts.
Specific primers according to mammalian reovirus were used for Reverse Transcription Polymerase
Chain Reaction (RT-PCR). Appropriate specific products were amplified by RT-PCR. NCBI BLAST
analysis indicated that this segment shared the highest identity with Ndelle virus who was a member of
the genus Orthoreovirus, and the homology was 91.2%. DNAMAN Multiple Alignment analysis of
nucleotide sequences with mammalian reovirus serotype 1(T1L), 2(T2J) and 3(T3D) found that
homologies were 89.9%, 76.9% and 89.9%, respectively. So we can deduce this virus is a member of

the virus family Reoviridae.

We determinated the sequences of reovirus B/03 strain isolated from short-nosed fruit bats.
Integrated sequences of 10 ORFs were determinated by RT-PCR. Molecular biological softwares were
used to analyse homologies of nucleotide sequences and amino acid sequences, drawing phylogenetic
tree, analyzing fuctional and structural domains of each protein encoding by virus genes, and then
predicting function of each protein. Comparison results of proteins of B/03 strain with those of other
members in the family Reoviridae suggested that L1, L2, L3, M1, M2, S1, S2 and S4 encoded viral
structural protein A3, A2, Al, u2, pl, ol, o2 and o3, respectively. M3, S1 and S3 encoded viral
nonstructural protein uNS 1S and oNS, respectively(S1 encoded two proteins, structural protein ¢l

and nonstructural protein 618S).

Analysis of the functional and structural domains suggested that A3 protein contained conserved
domain of RNA-dependent RNA polymerase (RdRp), which confirmed that A3 was RdRp. A2 protein
included the activity domains of guanylytransferase and methyltransferase, deducing A2 was important
for capping of mRNA during virus replication. We found Zinc finger domain and activity domain of
RNA helicase in amino-terminal of A1 protein, which predicted that A1 protein could bind dsSRNA and
possessed ATPase activity. p2 protein included two NTP-binding motifs that maybe possessed
nucleotide triphosphatase function. There were four hydrophilicity domains in carboxy-terminal of pl

protein predicted to occur in loops or turns at the surface of the protein. These regions may important

111



for the host immune response to this protein. ol protein had a hepta peptide repeat pattern
(a-b-c-d-e-f-g),, which can form a-helical coiled-coil structure, it maybe important to heamagglutinin.
There were four potential glycosylation sites in ol protein, which suggested that ¢l maybe a
glycoprotein. Carboxy-terminal of 62 protein had an amphipathic o-helix similar to the E. coli
DNA-dependent RNA polymerase B subunit, predicting 62 protein maybe can bind to dsRNA. o3
protein had Zinc finger domain at amino-terminal and dsRNA binding domain at carboxy-terminal. We
found a hepta peptide repeat pattern (a-b-c-d-e-f-g), that can form a-helical coiled-coil structure at
carboxy-terminal of UNS protein, which maybe important for binding cell skeletons. There was also a
conserved domain of ATPase at amino-terminal of uNS protein, which suggested that this protein may
have ATPase activity. 61S protein had many basic amino acids, a-helix and a glycosylation site, but its

function is unclear. NS protein was abundant to Cys and a-helix, it was predicted to bind ssSRNA

The A3 protein (RdRp) of B/03 strain shared the highest identity with the virus of family
Reoviridae, genus Orthoreovirus (91.9%~98.2%). On the basis of this result, we concluded that B/03
strain should belong to Reoviridae, genus Orthoreovirus. Comparing the proteins of B/03 strain with
those of other members in the genus Orthoreovirus, we found that B/03 strain shared the highest
identity with mammalian orthoreovirus (MRV). Phylogenetic tree suggested that genes of B/03 strain
belonged to the MRV species, not belonging to orthoreovirus isolated from bats. We suggested that the
reovirus B/03 strain isolated from short-noseed fruit bats should be classified into family Reoviridae,
genus Orthoreovirus and mammalian orthoreovirus species. S1 gene encoded type sepecific antigen
protein. Phylogenetic tree suggested that S1 gene of B/03 strain may belong to MRV serotype 1. While

we still need more evidence to classify B/03 strain to serotype 1.

Sequences comparison of B/03 strain suggested that different segments shared the higest identify
with different reovirus strains. It is suggested that this virus may emerge from reassortment during long

term nature infection.

Key words: short-nosed fruit bats, reovirus, isolation, identification, characteristics, sequence

determination and analysis, protein function, phylogenetic analysis.
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DNA RNA
ds Ss dsRNA
dsRNA o Reoviridae
2005
9 ICTV Fauquet et al, 2005
12 Orthoreovirus Orbivirus Rotavirus
Coltivirus Aquareovirus
Cypovirus Fijivirus Phytorevirus Oryzavirus
Idnoreovirus Seadornavirus
Mycoreovirus 1-1
Mammalian
orthoreovirus, MRV Avian orthoreovirus, ARV Baboon

orthoreovirus, BRV

Reptilian orthoreovirus, RRV Fauquet et al, 2005

MRV 75-80 nm
10 dsRNA 3 3
L3 389%bp 3 M1 2304bp M2 2203bp
S1 1416bp S2 1331bp S3 1198bp S4 1196bp
8 3 McCrae et al, 1978
1.1
1.1.1

Spinner et al, 2001
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1-1

Table 1-1 Classification of Reoviridae

(Genes)

(Type Species)

(Host)

(Orthoreovirus)

(Orbivirus)

(Rotavirus)

(Coltivirus)

(Aquareovirus)

(Cypovirus)

(Fijivirus)

(Phytorevirus)

(Oryzavirus)

(ldnoreovirus)

(Seadornavirus)

(Mycoreovirus)

(Mammalian orthoreovirus, MRV)

(Bluetongue virus, BTV)

(RotavirusA, RV-A)

(Colorado tick fever virus, CTFV)

(Aquareovirus A, ARV-A)

I

(Cypovirus I, CPV- 1)

(Fiji disease virus, FDV)

(Wound tumor virus, WTV)

(Rice ragged stunt virus, RRSV)

I

(Idnoreovirus I, IRV-1)

(Banna virus, BV)

I

(Mycoreovirus I, MRV-I)

(Vertebrates)

(Vertebrates, arthropes)

(mammals, birds)

(Vertebrates, arthropes)

(Aquatic amimals)

(Insects)

(Flowerers, planthoppers)

(Flowerers, leafthoppers)

(Flowerers, planthoppers)

(Insects)

(Vertebrates, arthropes)

(Fly)

1.1.2

Reovirus 1954 Sabin Ramos-Alvarez
Respiratory

enteric orphan 3 —_— Reovirus



Bellum et al, 1997; Majeski et al,
2003 Tyler et al, 1998 Tyler et
al, 2004; Hermann et al, 2004

Bronchiolitisobliterans organizing pneumonia, BOOP  Bellum et al, 1997; Majeski et al, 2003
1967  Tillotson 1

15
3
55%
Extrahepaticbiliary atresia, EHBA 78% Choledochal cysts, CDC
RNA Tyler et al, 1998
3 1
2
3
20 70 20

Bellum et al, 1997,
Majeski et al, 2003 2003

servere acute respiratory syndrome, SARS

——SARS-CoV SARS SARS
Duan et al, 2003 SARS-CoV
,2003; , 2003 SARS
, 2005
SARS , 2003
,2004; , 2004

SARS



1.1.3

MRV
3
3 1 3
Clarke et al, 2005
Marius et al, 1988
Lamirande et al, 1999 Leland et al, 2000 Pritchard et al, 2005
1.2
5 3 2
75 nm 52 nm 1-1
X T=13
=1 T=2 Reinisch et al, 2000; Shaw et al, 1996; Grimes et al, 1998
2 Mertens et al, 2000
5 12 1
Orthoreovirus Fijivirus Cypovirus
Aquareovirus Oryzavirus 5
2 Orbivirus Rotavirus
Phytoreovirus Coltivirus , 2003

1-1 www.kuleuven.ac.be/ rega/mvr/pictures/reovirus.jpg

Fig.1-1 Morphology of Revirus. www.kuleuven.ac.be/ rega/mvr/pictures/reovirus.jpg
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Fig 1-2 Structure of Reovirus Serotype 1 Lang (TIL). (a) Electron micrographs of the reovirus virion (virus), the
intermediate subviral particle (ISVP), and the core. (b) Cartoon of genome profile of T1L in polyacrylamide gel Gene
segments (L1-S4) are indicated on the left. (c) Cartoon of protein profiles of virus, ISVP and core in sodium dodecyl
sulfate—polyacrylamide gel. Each protein is encoded by the indicated gene segment in (b) (arrows). Note that protein 63
is removed from particles, and protein pl is cleaved into peptides 6 and @, when the virion is converted into the ISVP.
Peptides o1, 8 and @ are removed when the ISVP is converted into the core. Identification of known cognate avian
reovirus proteins are indicated in parentheses to the right of the mammalian reovirus protein names. (d) Composite
cartoon of reovirus virion, ISVP and core. Proteins are colour-coded to facilitate their identification in (c).



MRV Al A2 A3

u2 o2 X Dryden et al,
1993; Reinisch et al, 2000 Al 120 60
T=1 150 o2 Al
A2 60 12 5 Al 12
8 nm 9 nm 1-3
A3 u2 RNA RNA RNA-dependent RNA polymerase RdRp  RdRp
Dryden et al, 1998
mRNA ARV MRV ARV
MRV 1-2b, ¢
3 pl ol o3 MRV pl
600 600 o3
ol 36 12 A2 ol
A2 Larson et al, 1994
ISVPs ISVPs
o3 80 nm pl 5 O ol TIL ol
lollipop N- A2 C-
40 nm 1-2 a,d ISVPs
O & ol
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1 3 1~2 mol/L Mgcl, 2mol/L  Mgcl,
50~55 5~15 ,

1990
MRV 1 TIL, Long 2 T2J, Jone
3 T3D, Dearing; T3A, Abney 3 “€0””
3 4~37
2 1 3 21 56
Mg”
( , 1997)
L HeLa Vero
7~14
L
ARV
MRV
1.4
EM
DEM

Abramowitz et al, 1987

PAGE dsRNA 10

ELISA

RNA RNA
Loh et al, 1968

RT-PCR
RT-PCR Martinson et al, 2003 Hermann



et al, 2004 Caterina et al, 2004 Seng et al, 2004 Leary et al, 2002

RT-PCR RT-PCR
, 2003; ,
2001; , 2003 , 2003
ELISA Chen et al, 2004; Liu et al, 2002

1-2

Table 1-2 Classification of Orthoreovirus

(subgroup) (Species)

Mammalian orthoreovirus 1

Mammalian orthoreovirus 2

Mammalian orthoreovirus 3
(Mammalian orthoreovirus, MRV)

Mammalian orthoreovirus 4 Ndelle virus

SARS orthoreovirus GD-2003

Avian reovirus
Muscovy duck reovirus

(Avian orthoreovirus, ARV)
Goose reovirus

Baoon reovirus
(Baboon orthoreovirus, BRV)

Nelson Bay Virus (flying fox)
(Nelson Bay orthoreovirus, NBV) Pulau Reovirus (flying fox)

Snake reovirus

(Reptilian orthoreovirus, RRV) Python reovirus
MRV ARV BRV NBV
RRV 5 1-2 MRV 3
SARS GD-2003 ARV
ARV MRV BRV
NBV ARV Ducan et al, 1995
MRV ARV BRV



NBV RRV

1996)

1.5

dsRNA

dsRNA
dsRNA

MRV 10
3 Ml M2 M3 4
dsRNA 3’
S1 SDS-PAGE

S1 mRNA
clS

uNS ORF 2 AUG

5' 3
5’ 12
T3D S4 3’
L3
RNA

UCAUC-3’ , 2002

1.5.1

M L3
pl Al

32

RNA

MRV ARV

ARV MRV  BRV

Van et al, 1990; Van et al, 1997; Mayo et al,

dsRNA
60
dsRNA
dsRNA
3 3 Ll L2 L3
SI S2 S3 S4 +ssRNA 5
dsRNA
10 11 8
mRNA
AUG
AUG ol
M3 uUNS  uNSC

nontranslation region, NTR

3 T3D S1 32
T3D L1 184 T3D
mRNA
5’ 5'-GCUA 3’
1-3
62 A2 A3



Al Zn® Al dsRNA Al
Al ATP ATP
pH ATP ISVP
pl Al ATP pl
Noble et al, 1997
A2 L2 A2 ol o3
Al A3 A2 60 12
mRNA  +ssRNA L2
ts
A2 A2
GMP GTP GppppG GDP GpppG 5'-pp-
RNA GpppG-caps A2
5'-ppG- Mao
etal, 1991 A2 RNA Breun
et al, 2001
A3 L1 A3
A3 Al A2 p2
RNA GDD RdRp
A3 poly C poly G A3
dsRNA ssSRNA RNA RNA
poly C poly G Mn*" Starnes et al, 1993 A3
Al A2 A3
ds ssRNA A3 RdRp
A3 RNA A3 L1
RT-PCR A3
ul M2 nl Al A2
o3 pl
4.2 kD pIN 72 kD plC pl 42
43 pl pnlC
pl - plC
581 582 584 585
ul pld pIN+6 (O] pnlC
) 0] ISVPs 5 O 0]
90% M2 pl 95% ul pnlC
03 M2
pl pl

10



Lucia et al, 1993 ISVPs pl
pl pIN - ulC
Odegard et al, 2004
pl o3 T3A Derrien et
al, 2003
p2 Ml p2
A3 M1 ts dsRNA
p2 RNA p2
MRV
p2 uNS
A3 A3 u2 A3
RdRp u2 RdRp p2 MRV
mRNA Kim et al, 2004 p2
SDS-PAGE Edman degradation
M1 AUG
Swanson et al, 2002
ol Sl ol
hemagglutinin HA
ol A2 o3 ol
ISVPs ol
o- B- o- B-
ol ol
ol o- ol Sl
Shmulevitz et al, 2002 ol
2%
Shahi et al, 2001 MRV T1
M ol glycoconjugates
Helander et al, 2003 ARV BRV BRV RRV
MRV o1 Shmulevitz et al, 2004;
Tsukamoto et al, 1999
o2 S2 62 Al p2
dsRNA o2
o- DNA RNA B S2 ts
RNA o2

11



Wiener et al, 1989

o3 S4 c3 pl pIN - plC
o3 SDS o3
o3 ul ISVPs
o3 pl
o3 mRNA o3
dsRNA o3 Al o3
o3
Mendez et al, 2003 o3 Zn*" ul
o3 dsRNA dsRNA
dsRNA-dependent protein kinase, PKR PKR elF-2a
o3 dsRNA dsRNA PKR
elF-2a elF2a.GTP.Met-tRNAi
1.5.2
uNS M3 M3 uNS  uNSC
uNSC AUG in-frame AUG uNSC uNS 40
UNS  uNSC alpha-helical coiled coils coiled-coil dimers
uNS McCutcheon et al, 1999 MRV
uNS
uNS  p2 p2
Al A2 62  uNS
pNS 40 p2
uNS
uNS  p2
Broering et al, 2004  uNS 40 p2
uUNS 1 40
p2 uNS uNSC uNS
p2 uNS
Broering et al, 2002 ARV M3 uC oNS
Touris et al, 2004 MRV uNS
clS S1 P14
clS
clS
ol DNA clS
DNA TIL T3D

12



S1 ol clS

olS Tyler et al, 1995
oNS S3 Cys -
oNS ssRNA mRNA oNS 03
mRNA oNS ssRNA mRNA
S3 ts RNA
oNS poly C RNA
A3 S3

Goral et al, 1996

1.5.3
ol A2 o3
SARS
SARS-CoV
63 dsRNA-PKR
dsRNA
MRV T3 Dearing Norman et al,

2000 80%

BCNU Ras
Mundschau et al, 2004

13



1-3 (T3D)

Table 1-3 Gene Characteristics and Protein Fuction (T3D)

(gene) (size) (protein) (amino acids) (KDa) (location) (copy number) (function)
L1 3854 A3 1267 142 Core 12 RNA RNA (RNA-dependent RNA polymerase, RdRp)
L2 3916 A2 1290 145 Core 60 (Core spike)

(Guanylyltransferase)
(Methyltransferase)
mRNA
L3 3896 Al 1275 143 Core 120 (Major core capsid component)
dsRNA(Bind dsRNA)

(Zinc metalloprotein)

(ATPase activity)
M1 2304 n2 736 83 Core 20 RdRp (RdRp cofactor)
dsRNA(Bind dsRNA)

(Nucleotide triphosphatase)

(Induces interferon)

M2 2203 nl 708 76 Outer capsid 600 (Major outer capsid protein)
(Involved in transcription activation)
(Involved in penetration into cells)
ul o3 pl
pulC (72 kDa)  plIN(4 kDa), ulC 5 @

14



(gene) (size) (protein) (amino acids) (KDa) (location) (copy number) (function)
M3 2235 uNS 719 80 Nonstructural ssSRNA(Bind ssRNA)
(Involved in assortment)
(Involved in secondary transcription)
, n2  oNS
S1 1416 ol 455 49 Outer capsid 36 (Cell attachment protein)
(Haemagglutinin)
(Determines tissue tropism and spread)
(Serotypic determinant)
ol N
cls 120 14 Nonstructural cls
S2 1331 62 418 47 Core 150 (Major core capsid component)
dsRNA (Bind dsRNA)
S3 1198 oNS 366 41 Nonstructural ssRNA (Bind ssRNA)
oNS uUNS ,
S4 1196 o3 365 41 Outer capsid 600 (Major outer capsid component)

(Zinc metalloprotein)
dsRNA(Bind dsRNA)
pnlcC ) )
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1.6

80
25 10 1 DNA
Herpesviridae 9 RNA Flaviviridae Togaviridae
Bunyaviridae Rhabdoviridae Arenaviridae
Paramyxoviridae Orthomyxoviridae Coronaviridae
Reoviridae , 2003
1970
, 2004
, 2005
1.6.1
10 1994
1994

Hendra virus HEV ~ Murray et al, 1995; Douglas et al, 1997 1997
Menangle virus  MENV  Philbey et al, 1998; Kirkland,2001 1998
Nipah virus NIV Chua et al, 2000; Yob et al, 2001; Chua et al, 2002 Tioman Tioman
virus TIV ~ Chuaetal, 2001
Rabies virus, RV
Fraser et al, 1996

50
King et al, 1990 Shope et al, 1982

Flaviviridae Bunyaviridae Alphaviridae Karabatsos

16



et al, 1969 Reoviridae

et al, 1963 Herpesvirida
1.6.2
120
, 2003
River virus, RR , 1997
2000; , 1990; ,2001;
CHIKV , 1989; , 1993
RSSE , 1993
SARS
1.7
10

17

Gard et al, 1970

11

Japanese encephalitis virus, JEV

, 1996

ORF

Arenaviridae  Downs

Warrilow et al, 2003

Ross
>
Chikungunya virus,
Russian spring summer encephalitis,

4
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2.1
2.1.1
Vero-E6 DMEM Sigma
2.1.2
pMDI18-T TG1
2.1.3
SPF
2.1.4
RevertAid ™ M-MuLV Reverse Transcriptase MBI Fermentas RNA
(Ribonuclease inhibitor) TRIzol RNA Invitrogen DNA
Ex Taqg DNA DNA Marker DL2000
2.1.5
DK-8D Allegra TM
21R centrifuge Beckman PCR Gene Amp PCR System 2400
PERKIN-ELMER Image Master VDS Pharmacia
SIM-F124 SANYO JY02
HENGZI LABAUTOCLAVE S/N ZY0302 SANYO
QL-901 DYY-
AE240 Mettler LABLONCO PURIRIER HZQ-C
2.1.6
Leary et al, 2002 RT-PCR Lle/L1f
L1 454bp Llg/Llh L1 348bp

3-1

19



2.1.7

-20 100 U/ml
100 pg/ml 4 h Vero-E6 37 10 3
Vero-E6 3 -20
2.1.8
Vero-E6 3 5000 rpm 5 min

37 2h 13 000 rpm 30 min 0.5% 1 min
2.1.9

“O” SPF 1%

2ml 1500 rpm 5 min
2~3 1 500 rpm 5 min
1% 4 37

2.1.10

2 000 rpm 15 min 0.8 ml 0.2 ml 10 min 4

0.8 ml 0.2 ml PBS 4
TCIDs 2
2.1.11
pH3.0 PBS 10 pH7.2  PBS 10
lh NaOH pH 7.2 TCIDs
2

2.1.12

50 l1h 4 lh

TCIDs 2
2.1.13 Mgcl,
2M Mgcl,

20



50 lh TCIDs

2 Mgcl,

2.1.14
TRIzol RNA RNA Liu etal, 2005 200 pl 400

ul TRIzol 1 min 10 min 400 pl 1 min

10 min 13 000 rpm 10 min DEPC 1 ml

-20 lh 4 13000 rpm 10 min DEPC
dd H,0O RNA
2.1.15
, 1999 2% 60 mA 90 min

2.1.16 RT-PCR

2.1.16.1 RT (Reverse transcription)

RNA MBI Fermentas 20 pl RT
2 RNA 2 u 70 5 min 2 min Sxreverse
transcription reaction buffer 4 ul 2.5 mM dNTP 8 pl  Ribonuclease inhibitor 1 ul 20U 19
ul 37 5 min lul 200U MulLV 42 2
h 70 10 min

2.1.16.2 PCR (Reverse transcription polymerase chain reaction)

cDNA PCR 10xPCR Buffer 2.5 ul 2.5 mM dNTP 2 pl
1 ul 0.5ul  cDNA1ul ExTagDNA 1.25U 25ul PCR
95 Smin 94 30sec 50 30sec 72 30sec 30 72 10 min
Sul PCR Lle/L1f PCR 100 1 ul
L1g/L1h
2.1.17 PCR
DNA PCR
1 50 pl PCR 1 ml 30 min 12 000 rpm
10 min 30 pl ddH,O 2
1.5 ml 3 450 pl /100 mg
Binding buffer 55 10 min 2 min
4 2 min 8 000 rpm 1 min

21



5 450 pl Washing solution 8 000 rpm 1 min
6 5 7 12 000 rpm
1 min 1.5ml 55 Solution buffer
30ul 55 3~4 min 12 000 rpm I min 8 2 ul
4
2.1.18
Chung et al, 1989 TG1
-70 TGl LB 37
5ml LB 37 0.5 ml 50 ml
LB 37 2-3h 0D600=0.5 =10%ml
4 2500 rpm 15 1/10 5 ml TSS
100 pl -70
2.1.19 PCR
pMD18-T 4 ul PCR 5 pl 2xbinding Buffer
1 ul pMD18-T 16
TGI1 100 pl
30 min 42 1 min 2 min 800 pl 37
SOC 37 1h 3 500 rpm 3 min
60 pg/ml LB
37 8~12h
2.1.20
2.1.20.1
Sambrook et al, 2002
1 2 ml 60 ng/ml
LB 37 2 1.5 ml 4 12000
rpm 1 min 3 100 pl
4 200 pl 3~5 min
5 150 pl 3~5min 6 4 12000 rpm 5 min
1:1 V/V 4 12000 rpm 5 min
7 2.5 -20 30 min
DNA 8 4 13000 rpm 10 min 70% 2 9 4
13 000 rpm 10 min 30 ul  RNA 20 pg/ml TE

22



37 1h -20

2.1.20.2 PCR
DNA  0.8% DNA
PCR 4 pl DNA PCR 0.8%
2.1.21
NCBI BLAST DNAMAN Multiple Alignment

Version 5.2.2
2.2
2.2.1 CPE

Vero-E6 4 3

2-1 A B

Fig.2-1 CPE A: mock infected cells; B: Infected cells emerged granulating, shrinking, rounding and falling.

2.2.2

0.5%
20 2-2
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2-2

Fig.2-2 Morphology of virus.

2.2.3
4 37 o 6log2
2.2.4
pH3.0 50 lh 1M Mgcl,
2.2.5
2% 3
2-3
Large
Middle
Small
2-3
Fig.2-3 Electrophoetic analysis of virus nucleic acid.
2.2.6 RT-PCR
cDNA Lle/L1f 454bp PCR 100

Lig/Llh 348bp 2-4
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500bp
250bp

M 1 2

2-4 RT-PCR M DNAmarker DL2000 1 L1le/L1FPCR  (454bp) 2 L1g/LIhPCR  (348bp)

Fig.2-4 Electrophoregram of RT-PCR. M: DNA marker (DL2000); 1: Product of L1e/L1f PCR (454bp); 2: Product of

L1g/L1h PCR (348bp).
2.2.7

L1e/L1fPCR 2-5 2-1 NCBI
BLAST Ndelle virus NDEV

91.2% 98.7% DNAMAN Multiple
Alignment Version 5.2.2
76.9%~91.2% 95.4%~100%
47.4%~50.9% 51.7%

CTGCATCCATTGTAAATGACGAGTCTGTTGTTGGTGTGAGAGCAGCTAGGC
CGATATCAGGAATGCAGAACATGATCCAGCATCTCTCGAAGCTATATAAAC
GTGGATTTTCATATAGAGTAAACGATTCTTTCTCTCCAGGTAATGATTTTA
CTCATATGACTACCACTTTCCCATCAGGTTCAACGGCCACTTCTACTGAGC
ATACTGCTAATAATAGCACGATGATGGAGACATTCCTGACAGTCTGGGGAC
CCGAACATACTGACGACCCTGACGTCTTACGTCTCATGAAGTCTTTGACTA
TTCAGAGGAATTACGTGTGTCAAGGCGACGACGGGTTGATGATTATTGACG
GGAATACTGCCGGTAAGGTAAATAGTGAGACTATTCAGAAGATGTTAGAGC
TGATTTCGAAATATGGTGAGGAATTCGGATGGAAATATGACATAGC

2-5

Fig.2-5 Nucleotides Sequence (The primers sequences are underlined).

2.3

80
, 2004; Li et al, 2005
, 1997
, 2000 , 1989 , 1993
Cynopterus sphinx, short-nosed fruit bats
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2003

SARS , 2003
Reoviridae Vero-E6
MRV
(0] SPF
MRV 1
pH3.0 50 1h 1M Mgcl,
3
, 1990
Leary et al,
2002 MRV RT-PCR NCBI BLAST
NDEV 91.2%

98.7% NDEV 1974
MRV 4 Zeller et al, 1989; Attoui et al, 2001
DNAMAN Multiple Alignment Version 5.2.2

MRV 1 23 TIL T2J T3D 89.9% 76.9% 89.9%
100% 95.4% 98%
76.9%~91.2% 95.4%~100%
47.4%~50.9% 51.7%

Bat/China/2003 B/03
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2-1

Table 2-1 Reovirus strains used for assay and homology

GenBank Homology
Virus strain Country Serotype Host time GenBank
accession no. nucleotide  amino acid
T1/Human/Ohio/Lang/1953(T1L/53) USA 1 Human 1953 M24734 89.9% 100%
T1/Human/Washington, D.C/clone 62/1957(T1C62/57) USA 1 Human 1957 AY007411 88.8% 99.2%
T1/Human/Washington, D.C/clone 63/1957(T1C63/57) USA 1 Human 1957 AY007414 88.8% 99.2%
T1/Human/Washington, D.C/clone 15/1958(T1C15/58) USA 1 Human 1958 AY007398 89.6% 100%
T1/Human/Mexico/clone 1/1959(T1C1/59) Mexico 1 Human 1959 AY 007400 89.6% 100%
T1/Human/Washington, D.C/clone 11/1959(T1C11/59 ) USA 1 Human 1959 AY007415 88.5% 100%
T1/Human/Netherlands/1/1967(T1Neth/67) Netherlands 1 Human 1967 AY007385 86.3% 99.2%
T1/Human/Netherlands/1/1984(T1Neth/84) Netherlands 1 Human 1984 AY007395 91.0% 100%
T1/Human/Netherlands/1/1985(T1Neth/85) Netherlands 1 Human 1985 AY007421 89.9% 100%
T2/Human/Ohio/Jones/1955(T2J/55) USA 2 Human 1955 M31057 76.9% 95.4%
T2/Human/Netherlands/1/1973(T2Neth/73) Netherlands 2 Human 1973 AY007422 89.3% 99.2%
T2/Human/ Netherlands/1/1984(T2Neth/84) Netherlands 2 Human 1984 AY007423 89.9% 100%
T2/Human/Tokyo/1/1990(T2Tokyo/90) Japan 2 Human 1990 AY 007394 89.0% 98.3%
T3/Human/Ohio/Dearing/1955(T3D/55) USA 3 Human 1955 M31058 89.9% 98.0%
T3/Human/Washington, D.C/clone 93/1955(T3C93/55) USA 3 Human 1955 AY007421 90.4% 100%
T3/Human/Washington, D.C/Abney/1957(T3A/57) USA 3 Human 1957 AY007396 90.7% 99.2%
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T3/Human/Washington, D.C/clone 84/1957(T3C84/57)
T3/Human/Tahiti/clone 8/1960(T3C8/60)
T3/Human/Netherlands/1/1983(T3Neth/83)

T1/Bovine/Maryland/clone 22/1959(T1C22/59)
T1/Bovine/Maryland/clone 16/1960(T1C16/60)

T3/Bovine/Maryland/clone 43/1960(T3C43/60)

T3/Bovine/Maryland/clone 18/1961(T3C18/61)

T3/Murine/France/clone 9/1961(T3C9/61)

Ndelle virus/Mus musculoides/Cameroon/1974(NDV)

Golden ide reovirus(GIRV)

Golden shiner reovirus(GSRV)

USA
France

Netherlands

USA
USA

USA

USA

France

Cameroon

Germany

USA

Human
Human

Human

Bovine

Bovine

Bovine

Bovine

Murine

Mus musculoides

Golden ide

Golden shiner

1957
1960
1983

1959
1960

1960

1961

1961

1974

1999
1979

AY007419
AY007393
AY007416

AY007408
AY007399

AY007397

AY 007409

AY007384

AF368033

AF450323
AF403399

90.4%
86.6%
87.1%

88.8%
89.6%

90.4%

88.8%

85.8%

91.2%

50.9%
47.4%

100%
99.2%
100%

99.2%
100%

99.2%

99.2%

99.2%

98.7%

51.7%
51.7%
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3.1

3.1.1
Bat/China/2003 B/03
3-1
3.1.2
GenBank 10
RT-PCR targeted gene walking PCR PCR PCR Touchdown PCR
RT PCR PCR pMD18-T
TGl PCR
DNAStar Version 5.0.1 Seqman
NCBI BLAST
DNAStar MegAlign DNAStar Protean
Version 5.0.1
MRV
3.2
3.2.1 L1
3211L1 RT-PCR
L1 3854bp 5
Lla/L1b Llc¢/Lld Lle/L1f L1i/L1j L1k/L11 RT-PCR
3-1 3-1
3.212L1
DNAStar Version 5.0.1 Seqman L1 3831bp
3804bp 1267
NCBI BLAST NDEV
MRV T1 T3 T2 NDEV 1974
MRV 4 Attoui et al, 2001 NCBI BLAST
Tl T3 NDEV T2 B/03 L1

segment 2 VP2 RdRp
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3-1 RT-PCR

Table 3-1 Primer for RT-PCR

(gene) (primer) (start)  (note) (sequence) (references or sequences )

Lla 9 Upper 5'-TTC CAC GAC AAT GTC ATC CA -3’ This Study.
L1b 1019 Lower 5-AGT TCG CGC GCT TTC TTA TC -3’ NC_004271
Llc 951 Upper 5-GGGAGTCATGCCATTGTCCA -3' NC_004272
L1d 1964 Lower 5-TGAATCATGTTCTGCATTCC -3’ NC_004282
Lle 1886 Upper 5'-CTG CAT CCATTG TAAATG ACG AGT C -3’
L1f 2339 Lower 5'-GCT ATG TCA TAT TTC CAT CCG AAT TC -3’

L1 Leary et al, 2002
Llg 1930 Upper 5'-GCT AGG CCG ATA TCG GGA ATG CAG -3’
L1h 2278 Lower 5'-CTT GAG ATT AGC TCT AGC ATC TTC TG -3’
Lli 2212 Upper 5'-CCAAGGTGACGACGGACTGA -3’ This Study.
L1j 2901 Lower 5-CGCTCGTCCAGATTTCGTAG -3’ NC_004271
L1k 2806 Upper 5-AAC GCA GAT TAT CGC AGG TG -3' NC_004272
L1l 3839 Lower 5-CAC GAC CCATGG TAG ACT CA -3’ NC_004282
L2a 13 Upper 5'-ATG GCG AAC GTY(T/C) TGG GGR(A/G) GTG AG -3’ This Study.
L2b 817 Lower 5-GGA CGT TGG CTG AGA ATT GCT CTA -3’ NC_004259

- L2c 735 Upper 5'-GGT CAG Y(T/C)GC R(A/G)CC TCC TTA TATT -3’ NC_004260
L2d 1684 Lower 5'-CAC CAC GGG CAA CAT CAT AAC -3’ NC_004275
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3-1 RT-PCR

Table 3-1 Primer for RT-PCR

(gene) (primer) (start)  (note) (sequence) (references or sequences )
L2e 1577 Upper 5'-CCG TTA GTC ATA GAG CCC TGG ATT -3’ AF378004
L2f 2681 Lower 5'-CGG CCC CCAAAGACAACATA-3 AF378006
L2g 2578 Upper 5'-CAG CCG AGT GGM(A/C) TGY(T/C) TGG AA -3’ AF378009
L2
L2h 3346 Lower 5'-CTG GAT TAG CGT TAG ACC CGA C -3’ AF378010
L2i 3301 Upper 5'-GGA ATC TAY(C/T) ACM (A/C) ATG CAG GC -3’ AF378007
L2j 3895 Lower 5'-GAG GGA CRR(A/G) TGA GTT ACA GAG G -3’ AF378008
L3a 13 Upper 5'-GAT GAA GCG GAT TCC AAG GA -3’
L3b 1148 Lower 5'-AAA ACC CCG TGT GCC TAT TC -3’
L3c 1054 Upper 5'-GGG GGC TAATCC GCT AAT GTT -3’
This Study.
L3d 2179 Lower 5'-GCG CCA TAA CGA ATC TGA GAG -3’
NC 004255
L3 L3e 2125 Upper 5'-GTG GGC TGA AAT TAT TCA TAG ATA CTG G -3’
NC 004256
L3f 3489 Lower 5'-GCA TTA GCG TAC TGA CGT GGA TCA TA -3’
NC 004274
5'-GAT TGA AAA CTT CTG CTG TC -3’
L3g 3439 Upper 5'-CGC TTA CCC ATA CAT GCT GC -3’
L3h 3901 Lower 5'-GAT GAATCG GCC CAA CTA GC -3’
Mla | Upper 5'-GCT ATT CGC GGT CAT GGC -3’ This Study.
M1
MIlb 1485 Lower 5'-CCT GTC ATC ATG CGG AAT GAG -3’ NC 004261, NC_004254
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3-1 RT-PCR

Table 3-1 Primer for RT-PCR

(gene) (primer) (start)  (note) (sequence) (references or sequences )
Mlc 1382 Upper 5'-GAG CAK(T/G) GCG GTT ATG GAR(G/A) AT -3’ NC_004280
Mld 1764 Lower 5'-TGC GCR(G/A) CTA GTR(A/G) GCATAC AT -3’ AY428872
M Mle 1590 Upper 5'-CAT TCG CTC ATG CCG ATA GTG -3’ AY428874
MIf 2304 Lower 5'-GAT GAA GCG CGT ACG TAG TCT TAG -3’ AY551083
M2a 2 Upper 5'-GCT AAT CTG CTG ACC GTC ACT C -3’
M2b 2199 Lower 5-TGT GCC TGC ATC CCT TAA CC -3’
M2 5-ATT CAATCG TGA GTT CCT TGA C -3’ Chandran et al, 2002
5'-TAT TCG CAC ACC ATA TCC -3’
5'-GGA CAT AGT TAA CCA CCG TGG C -3’
M3a 1 Upper 5-GCG GTC GGT CGA CGC TAA AGT GAC CGT GGT CAT GGC TTC ATT CAA GGG -3’
M3b 2241 Lower 5'-GCA GGG GAT CCG ATG AAT GGG GGT CGG GAA GGC TTAAGG G -3’
M3 5'-CAT AAT TTC TCT TCT CAC GTC G -3’ Broering et al, 2000
5'-CCT ATT AGATTG CCT CCC C -3’
5'-ATA CGA CAT GCG CTG TTC AG -3'
Sla 9 Upper 5'-CGC CTA TGG ATG CAT CTC TCA -3’ This Study. NC_004267
. S1b 400 Lower 5-CAA AGT GGA TGT TCG TCC AGT GA -3’ NC_004264, NC_004277
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3-1 RT-PCR

Table 3-1 Primer for RT-PCR

(gene) (primer) (start)  (note) (sequence) (references or sequences )
Slc 340 Upper 5'-ACC ACG AGT TGA CAG TCT GGAT -3’ AY862133, AY862136
. S1d 1436 Lower 5-CGC GCT AGATTC ACCTCACAT T -3’ AY862134, AY862138
S2a 1 Upper 5-GCT ATT CGC TGG TCA GTT ATG GC -3’ This Study. NC_004268
S2b 1331 Lower 5'-GAT GAA TGT GTG GTC AGT CGT GAG -3’ NC_004263, NC_004279
> 5-GTG ATG ATT ACC CGT TCT TAG C -3’ L19766, L19765, L19770
5-TCA ATG TCG AGC TTA GGATCA G -3’ L19768,L19769
S3a 1 Upper 5-GCT AAA GTC ACA CCT GTC GTC GTC -3’ This Study. NC_004266
S3b 1198 Lower 5'-GAT GAT TAG GCG TCA CCC ACC AC -3’ NC_004269, NC_004283
> 5-TCA CTT GCT AGA CTG TTC AC -3’ U35351 52 48 46 59

58 62 49 55 54

S4a 1 Upper 5'-GCG AAT TCG CTATTT TTG CCT CTT CCC AGA -3’
S4 S4b 1215 Lower 5'-CAT GCC TGC AGA TGA ATG AAG CCT GTC CCA CGT C -3’ Mochow et al, 2001
5'-TGC TGT CTT TTG TCG CTC -3’
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3-1L1
3:L1c/L1d PCR

2 000bp
1 000bp
750bp
500bp
250bp
100bp

RT-PCR

(1014bp); 4:Lla/Llb PCR

(1011bp); 5:L1k/L11 PCR

(454bp); 2:L1i/L1j PCR

M 1 M 2 3 M 4 5

M DNA marker DL2000 1 Lle/L1fPCR

(691bp);
(1034bp)

Fig.3-1 Electrophoregram of L1 gene RT-PCR. M: DNA marker(DL2000); 1: Product of Lle/L1f PCR(454 bp); 2:

Product of L1i/L1j PCR (691bp); 3: Product of Llc/L1d PCR (1014bp); 4: Product of Lla/L1b PCR (1011bp) ; 5:

Product of L1k/L11 PCR (1034bp).

3-3
97.8% MRV 1
68.1% 76.5%
DNAStar MegAlign

3-2 DNAStar MegAlign Version 5.0.1 Clustal V method
NDEV 77.3%
23 TIL T2J T3D 77.0%
98.2% 91.9% 98.0% B/03 L1
68.1%~77.3% 91.9%~98.2%
35.3%~46.2% 38.6%~51.7%
B/03 L1 MRV 3-2
3-2 L1

Table 3-2 Reovirus strains used for assay of L1 gene

GenBank
Virus strain Abbreviation ~ GenBank accession no. Reference(s)

T1/Human/Ohio/Lang/1953 MRV T1 NC_004271 Wiener et al, 1989
T2/Human/Ohio/Jones/1955 MRV T2 NC_004272 Wiener et al, 1989
T3/Human/Ohio/Dearing/1955 MRV T3 NC_004282 Wiener et al, 1989
Ndelle virus NDEV AF368033 Attoui et al, 2001
Grass carp hemorrhagic virus GCHV AF284502 Unpublished
Grass carp reovirus GCRV AF260512 Fang et al, 2000
Golden shiner reovirus GSRV AF403399 Attoui et al, 2002;

Attoui et al, 2005
Golden ide reovirus GIRV AF450323 Attoui et al, 2002
Striped bass reovirus SBRV AF450318 Attoui et al, 2002
Chum salmon reovirus CSV AF418295 Winton et al, 1987
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GIRV
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Nucleotide Substitutions (x100)
3-2 L1
Fig.3-2 Phylogenetic tree of L1 gene
3-3 11
Table 3-3 Homology of L1 gene
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3.213L1

L1
A3 91.9%~98.2%

1267 MRV L1
RdRp /
DXXXXD 585~590

RNA GDD Gly -Asp -Asp

733~735 RNA
Poch et al, 1989 Bruenn, 1991
RdRp
RdRp
B/03

3.2.2 L2

3.22.1L2 RT-PCR

L2 3916bp

L2a/L2b L2c¢/L2d L2e/L2f L2g/L2h

3-1

EXXKXY 780~785
B/03 L1 RNA
Fauquet et al, 2005

L2i/L2j
3-3

RT-PCR

M 1 M 2 M

3-3L2 RT-PCR

3:L2e/L2f PCR (1105bp); 4:L2g/L2h PCR

M DNA marker DL2000 1 L2a/L2b PCR
(950bp) 5:L2i/L2j PCR

M 4 M 5

(805bp); 2:L2c/L2d PCR
(595bp)

(769bp) ;

Fig.3-3 Electrophoregram of L2 gene RT-PCR. M: DNA marker(DL2000); 1: Product of L2a/L2b PCR(805bp); 2:

Product of L2¢/L2d PCR (769bp); 3: Product of L2e/L2f PCR (1105bp); 4: Product of L2g/L2h PCR (950bp); 5: Product

of L2i/L2j PCR (595bp).

3.2221L2
DNAStar Version 5.0.1 Seqman
3870bp 1289
NCBI BLAST MRV
T1 T3 T2 NCBI BLAST
ARV L3 AC
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3-4 DNAStar MegAlign Version 5.0.1 Clustal V method

3-5 MRV 1 23 TIL T2J T3D
66.8% 69.4% 76.0% 92.5% 86.4% 97.5%
66.6%~76.2%
86.4%~97.9% ARV 28.2%~28.7%
25.0~25.3% 26.7%~27.3%
22.0%~24.8% DNAStar MegAlign B/03 L2 MRV
3-4
3-4 L2
Table 3-4 Reovirus strains used for assay of L2 gene
GenBank
Virus strain Abbreviation ~ GenBank accession no. Reference

T1/Human/Ohio/Lang/1953 MRV T1 NC_004259 Breun et al, 2001

T2/Human/Ohio/Jones/1955 MRV T2 NC_004260 Breun et al, 2001

T3/Human/Ohio/Dearing/1955 MRV T3 NC_004275 Seliger et al, 1987

T1/Human/Netherlands/1/1985 T1Neth/85 AF378004 Breun et al, 2001

T2/Simian/Maryland/1958 T2SV59/58 AF378006 Breun et al, 2001

T3/Human/Washington,D.C/Abney/ T3C87/57 AF378009 Breun et al, 2001

clone87/1957

T3/Human/Washington,D.C/Hall/ T3C93/55 AF378010 Breun et al, 2001

clone93/1955

T3/Murine/France/clone 9/1961 T3C9/61 AF378007 Breun et al, 2001

T3/Bovine/Maryland/clonel8/ 1961  T3C18/61 AF378008 Breun et al, 2001

Grass carp reovirus GCRV AF260511 Fang et al, 2000

Golden shiner reovirus GSRV AF403398 Attoui et al, 2002

Chum salmon reovirus CSV AF418294 Winton et al, 1987

ARV 601G ARV 601G AY 652699 Unpublished

ARV S1133 ARV S1133 AY 652693 Unpublished

ARV 918 ARV 918 AY 652700 Unpublished

ARV 916 ARV 916 AY 652701 Unpublished
3.22.3L2

L2 1289 MRV L2
A2 86.4%~97.9% L2
1 2
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2~380 Luongo et al, 2000; Reinisch et al, 2000

2 434~691 840~1002 Luongo et al,
1998; Koonin, 1993 C- GTP-binding 893~899
GAAAAGK 1029~1032 EKQG Dever et al, 1987
B/03 L2

T3C18/61 “WFh

T3C87/57”

MRVTI”

T3C9/61 A

T2SV59/58 P&

____ B/03 g

TlNeth/85’T

MRV T3 "
T3C93/551

L MRV T21

GCRV
=
| Gsrv ™

CSvV

ARV 601G —

ARV S1133

-- ARV I18

L ARVIl6

85.6

80 70 60 50 40 30 20 10 0

Nucleotide Substitutions (x100)

3-4 L2

Fig.3-4 Phylogenetic tree of L2 gene
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3-5 L2

Table 3-5 Homology of L2 gene

= = =z g ¢ g I & 3 g 2 g ¢
g 2 CE s 2 * g
B/03 69.4 73.7 66.6 76.0 76.2 66.6 27.3 267 27.3 283 28.7 287 28.2
T3C9/61 68.6 74.2 77.0 69.2 684 77.0 27.1 27.3 253 27.5 27.6 27.9 27.1
T1Neth/85 68.6 68.5 69.0 759 76.6 69.0 27.1 27.3 26.6 28.6 289 29.2 28.5
MRV T1 7 74.8 81.4 68.9 68.8 81.4 26.7 26.7 255 27.7 27.7 27.7 27.4
MRV T2 86.4 87.0 86.0 7 68.1 69.9 70.4 68.1 26.2 26.1 26.2 285 27.9 28.4 28.7
T2SV59/58 93.6 98.0 93.1 .4 69.8 67.9 73.7 27.1 21.8 25.5 280 27.1 27.8 28.3
T3C18/61 92.4 98.4 923 7T 86.7 .9 279 27.4
MRV T3 97.5 93.3 97.1 .7 86.4 .7 283 27.4
T3C93/55 97.5 93.1 96.9 .7 86.4 .9 283 27.5
T3C87/57 92.4 98.4 929 7T 86.7 .9 279 27.4
GCRV 24.8 24.6 24.8 T 245 .6 25.0 23.2
GSRV 24.8 24.6 24.8 7245 4 232 23.4
CSV 22.0 21.9 22.0 .9 21.5 .9 249 23.8
ARV 601G 25.0 25.0 25.2 4 25.0 .0 .0 76.4 75.5
ARV 916 25.2 25.0 25.4 .2 25.0 25.0 .4 2 6
ARV 918 25.3 25.0 253 253 25.1 25.0 255 25.3 253 255 21.1 20.2 204

ARV S1133  25.0 24.8 25.1 25.2 25.0 24.7 253 253 254 253 20.0 20.1 20.7
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3.2.3 L3

3.23.1L3 RT-PCR

L3 3896bp 4
L3a/L3b L3¢/L3d L3e/L3f L3g/L3h RT-PCR

3-1 3-5

2 000bp

1 000bp —
750bp
500bp
250bp
100bp

M 1 M 2 M 3 M 4
3-513 RT-PCR M DNA marker DL2000 1 L3a/L3b PCR (1136bp); 2: L3c/L3d PCR

(1126bp); 3: L3e/L3f PCR (1365bp); 4:L3g/L3h PCR (463bp)
Fig.3-5 Electrophoregram of L3 gene RT-PCR. M: DNA marker(DL2000); 1: Product of L3a/L3b PCR(1136bp); 2:

Product of L3¢/L3d PCR (1126bp); 3: Product of L3e/L3f PCR (1365bp); 4: Product of L3g/L3h PCR (463bp)

3.2321L3
DNAStar Version 5.0.1 Seqman L3 3889bp
3828bp 1275
NCBI BLAST MRV
T1 T3 T2 NCBI BLAST B/03 L3
ARV L1 AA segment 3 VP3

3-6 DNAStar MegAlign Clustal V method

3-7 MRV 1 23 TIL T2J T3D
76.5% 70.8% 75.3% 98.9% 95.9% 98.7% SARS
GD-2003 82.8% 89.7%
70.8%~82.8%
89.7%~98.9% ARV 36.8%~38.7% 41.8%~42.1%
28.9%~31.7% 22.6%~32.7%
DNAStar MegAlign B/03 L3 MRV
SARS GD-2003 3-6
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3-6 L3

Table 3-6 Reovirus strains used for assay of L3 gene

GenBank
Virus strain Abbreviation GenBank accession no. Reference
T1/Human/Ohio/Lang/1953 MRV T1 NC_004255 Harrison et al, 1999
T2/Human/Ohio/Jones/1955 MRV T2 NC_004256 Harrison et al, 1999
T3/Human/Ohio/Dearing/1955 MRV T3 NC_004274 Harrison et al, 1999
SARS orthoreovirus GD-2003 GD-2003 AY 335546 Duan et al, 2003
Grass carp hemorrhagic virus GCHV AF284503 Unpublished
Grass carp reovirus GCRV AF260513 Fang et al, 2000
Golden shiner reovirus GSRV AF403400 Attoui et al, 2002
Striped bass reovirus SBRV AF450319 Attoui et al, 2002
Chum salmon reovirus CSV AF418296 Winton et al, 1987
ARV S1133 ARV S1133 AY 641735 Unpublished
ARV 918 ARV 918 AY 641738 Unpublished
ARV 916 ARV 916 AY 641737 Unpublished
ARV 601G ARV 601G AY 641736 Unpublished
——— MRV T3 1
L——— GD-2003 —!
--------- MRV Tl 1
B/03 e
MRV T2 *!
—— ARV S1133
L——— ARV 916
ARV 918 y
i ARV 601G
GCHV 7]
—[ GCRV
L Gsrv | @
CSVv
SBRV |
35— T | T | |
50 40 30 20 10 0

Nucleotide Substitutions (x100)
3-6 L3

Fig.3-6 Phylogenetic tree of L3 gene
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3.2331L3

L3 1275 MRV L3
Al 89.7%~98.9% L3 ATP
N- 6 RNA
Bisaillon et al, 1997 KGKSSGKG 9~16 DEAD 100~103
EAT 156~158 FISS 223~226 VRGAN 346~350
NRVGR 429~433 N- CCHH
183C 186C 203H 206H  Bartlett et al, 1988; Schiff et al, 1988; Dermody et al, 1991; Lemay et
al, 1994 N- 345~349 SVRGA C-
(Dryden et al, 1998) B/03
L3 ATP RNA
3-7 L3

Table 3-7 Homology of L3 gene

€0/d

ILL AN
L AIIN
eL AN
£002-do
AHDD
AdDD
AISDH
ASD

Ad4S
€IS AUV
916 A4V
816 AUV
DI09 AdV

w
oo
W

B/03 70.8 753 828 30.7 30.8 302 289 31.7 387 373 36.8

MRV T1 694 80.6 899 302 30.1 30.0 295 30.1 382 379 374 383
MRV T2 959 955
MRV T3 98.7 992 955

GD-2003 89.7 87.6 86.5
GCHV 30.6 30.6 309
GCRV 30.6 305 309
GSRV 30.6 30.6 309
CSV 266 26.6 26.7
SBRV 327 327 327
ARV S1133 4211 419 418
ARV 916 41.8 419 418
ARV 918 419 420 4138

ARV 601G 419 420 4138

3.2.4 M1

3.241M1 RT-PCR

Ml 2304bp 3
MlaMlb Mlc/Mld  Mle/MIf  RT-PCR 3-1
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1 000bp

100bp

3-7 M1 RT-PCR M DNA marker DL1000 1 Mla/Mlb PCR (1486bp); 2: Mlc/Mld PCR

(383bp); 3 Mle/ML1f PCR (715bp)
Fig.3-7 Electrophoregram of M1 gene RT-PCR. M: DNA marker(DL1000); 1: Product of M1a/M1b PCR(1486bp); 2:

Product of M1c/M1d PCR(383bp); 3: Product of M1e/M1f PCR(715bp).

3.242 M1
DNAStar Version 5.0.1 Seqman Ml 2304bp
2211bp 736
NCBI BLAST MRV
T1 T3 T2 NCBI BLAST B/03 Ml
ARV M1 HA segment 5 VP35
3-8 DNAStar MegAlign Clustal V method
3-9 MRV 1 2 3 TIL T2J T3D
95.6% 65.7% 94.9% 99.1% 80.5% 98.4%
65.7%~96.2%
80.5%~99.1% ARV 27.4%~30.4% 23.2%~26.2%
21.6%~25.4% 17.1%~19.5%
DNAStar MegAlign B/03 Ml MRV
3-8
3.243 M1
M1 736 MRV M1
u2 80.5%~99.1% M1
NTP-binding GAVLPKGSFKS 410~420
DEVG 446~449 Kim et al, 2004; Noble et al, 1997 B/03
M1 p2
1 3 M1
p2 208 Pro/Ser
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1 208 Pro 3 208 Ser Parker et al, 2002  B/03
Ml Pro B/03 Ml 1
3-8 M1
Table 3-8 Reovirus strains used for assay of M1gene
GenBank
Virus strain Abbreviation GenBank accession no. Reference
T1/Human/Ohio/Lang/1953 MRV T1 NC_004261 Parker et al, 2002
T2/Human/Ohio/Jones/1955 MRV T2 NC 004254 Unpublished
T3/Human/Ohio/Dearing/1955 MRV T3 NC_004280 Wiener et al, 1989
T1/Human/Netherlands/1984 T1Neth/84 AY 428872 Yin et al, 2004
T2/Simian/Maryland/1958 T2SV59/58 AY428874 Yin et al, 2004
T3/Human/Washington,DC/Clone12/1957 T3C12/57 AY 551083 Yin et al, 2004
Grass carp hemorrhagic virus GCHV AF251262 Unpublished
Grass carp reovirus GCRV AF403391 Attoui et al, 2002
Golden shiner reovirus GSRV AF403402 Attoui et al, 2002
Golden ide reovirus GIRV AF450324 Attoui et al, 2002
ARV S1133 ARV S1133 AY 639610 Unpublished
ARV 918 ARV 918 AY 639617 Unpublished
ARV 916SI ARV 916SI AY 639616 Unpublished
ARV 601G ARV 601G AY 639614 Unpublished
MRV T3
T3C12/57
MRV T1 1
B/03 e
T1 Neth/84
—— T2SV59/58
MRV T2 1
ARV S1133
E ARV 601G
ARV 916SI
7 : ARV 918
GCHV
_[ GCRV | g
— GSRV
GIRV
68.2 T T T T 1
60 30 20 10 0

Nucleotide Substitutions (x100)

3-8 M1
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3-9 M1

Table 3-9 Homology of M1 gene

B/03

MRV T1
T1Neth/84
MRV T2
T2SV59/58
MRV T3
T3C12/57
GCHV
GCRV
GSRV
GIRV

ARV S1133
ARV 91681
ARV 918
ARV 601G

£0/d

99.1
98.4
80.5
95.9
98.4
98.5
19.1
19.5
19.3
17.1
232
26.2
26.1
26.1

Z = Z 3 Z 3 Q Q Q Q > > > >
= @) @ n =

z Z z 2 z Q o = = z z z z z

- = — a - S < < %) © © IoN

= > ¥ © w AR = = o0 2

% o N w 2 Q

95.6 96.2 65.7 87.9 94.9 95.0 24.3 254 21.6 24.7 29.0 30.4 27.4 29.1
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3.2.5 M2

3.25.1 M2 RT-PCR

M2 2203bp Chandran et al, 2002
M2a/M2b RT-PCR 3-1 3-9
2 000bp 3-9 M2 RT-PCR M DNA marker DL2000
1 M2a/M2b PCR (2198bp)
Fig.3-9 Electrophoregram of M2 gene RT-PCR. M: DNA
marker(DL2000); 1: Product of M2a/M2b PCR(2198bp)
M 1
3.25.2 M2
DNAStar Version 5.0.1 Segman M2 2198bp
2127bp 708 NCBI
BLAST MRV T3 NDEV Ti1
T2 NCBI BLAST B/03 M2
ARV M2 uB segment 6 VP4
3-10 DNAStar MegAlign Clustal V method
3-11 MRV 1 2 3 TIL T2J T3D
84.2% 74.2% 89.0% 98.3% 97.6% 97.5% NDEV
88.6% 98.4%
74.2%~90.0% 97.5%~98.7% ARV
40.2%~40.6% 43.6%~44.3%
22.8%~27.4% 21.7%~23.7% DNAStar MegAlign
B/03 M2 MRV 3-10
3.25.3 M2
M2 708 MRV M2
nl 97.5%~98.7% nl
ulC ulC 5 @
pl plC 42~43
43~47 PGGVP Pett et al, 1973 581 586 602
ulC 5 @ Jayasuriya et al,
1988 DNAStar Protean Hydropathy-Kyte Doolittle method Surface Probability-Emini
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3-10 M2

Table 3-10 Reovirus strains used for assay of M2 gene

GenBank
Virus strain Abbreviation GenBank accession no. Reference
T1/Human/Ohio/Lang/1953 MRV T1 NC_004262 Chandran et al, 1999
T2/Human/Ohio/Jones/1955 MRV T2 NC_004270 Wiener et al, 1988
T3/Human/Ohio/Dearing/1955 MRV T3 NC_004278 Tarlow et al, 1988
Ndelle virus NDEV AF368034 Attoui et al, 2001
T3/Mouse/ Dearing T3D M20161 Jayasuriya et al, 1988
T3/Human/Abney T3A U24260 Hooper et al, 1995
Grass carp hemorrhagic virus GCHV AF239175 Qiu et al, 2001
Grass carp reovirus GCRV AF403392 Attoui et al, 2002
Golden shiner reovirus GSRV AF403403 Attoui et al, 2002
Guppy reovirus GPRV AY235427 Seng et al, 2004
Threadfin reovirus TRV AY235428 Seng et al, 2004
ARV S1133 ARV S1133 AY 635934 Unpublished
ARV 916SI ARV 916SI AY 635943 Unpublished
ARV 918 ARV 918 AY 635945 Unpublished
ARV 601G ARV 601G AY 635941 Unpublished
MRV T3 1
T3D 4.
T3A 1
NDEV 4
B/03 g
MRV Tl
MRV T2 1
|: ARV 916SI
ARV 601G
ARV 918 y
- ARV S1133
GCHV
I_[ GCRV
GSRV | =™
— GPRV
L— TRV
67.2 T T T T T 1
60 50 40 30 20 10 0

Nucleotide Substitutions (x100)

Fig.3-10 Phylogenetic tree of M2 gene

3-10 M2
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3-11 M2
Table 3-11 Homology of M2 gene

£0/d
VeL
aclr
AdAN
AHDD
AIDD
AISD
AddD
AdL

[L AN
L AN
€L AN
€EIIS A4V
IS916 AV
816 AUV
D109 AUV

B/03 84.2 74.2 89.0 90.0 89.5 88.6 26.8 27.0 274 23.8 22.8 40.3 40.3 40.2 40.6
MRV T1
MRV T2
MRV T3
T3A

T3D
NDEV
GCHV
GCRV
GSRV
GPRV

TRV

ARV S1133
ARV 91681
ARV 918
ARV 601G
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method C- 4 383~398

450~465 553~565 684~698
4
Antigenicity Jameson-Wolf method 4
N- 3 31~50
261~273 296~316

Sturzenbecker et al, 1987

3.2.6 M3

3.2.6.1 M3 RT-PCR

M3 2235bp Broering et al, 2000
M3a/M3b RT-PCR 3-1 3-11

3-11 M3 RT-PCR M DNA marker DL2000
2 000bp 1 M3a/M3b PCR  (2265bp)
Fig.3-11 Electrophoregram of M3 gene RT-PCR. M: DNA

marker(DL2000); 1: Product of M3a/M3b PCR(2265bp)

3.2.6.2 M3
DNAStar Version 5.0.1 Seqman M3 2265bp
2166bp 721
NCBI BLAST MRV
Tl T3 T2 NCBI BLAST B/03 M3
ARV M3 nC segment 4 NS1
3-12 DNAStar MegAlign Clustal V method
3-13 MRV 1 23 TIL T2J T3D
84.6% 65.8% 84.0% 96.0% 82.8% 94.2%
65.8%~84.6% 82.8%~96.0%
ARV 20.0%~23.0% 17.5%~17.8% MDRV
ARV 22.2% 17.7%
19.2%~20.4% 11.8%~12.0% DNAStar MegAlign
B/03 M3 MRV 3-12
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Table 3-12 Reovirus strains used for assay of M3 gene

3-12 M3

GenBank
Virus strain Abbreviation ~ GenBank accession no. Reference
T1/Human/Ohio/Lang/1953 MRV T1 NC_004257 McCutcheon et al, 1999
T2/Human/Ohio/Jones/1955 MRV T2 NC_004258 McCutcheon et al, 1999
T3/Human/Ohio/Dearing/1955 MRV T3 NC 004281 Wiener et al, 1989
Grass carp reovirus GCRV AF403390 Attoui et al, 2002
Golden shiner reovirus GSRV AF403401 Attoui et al, 2002
ARV S1133 ARV S1133 AY573904 Unpublished
ARV 916SI ARV 91681 AY573910 Unpublished
ARV 918 ARV 918 AY573911 Unpublished
ARV 601G ARV 601G AY573908 Unpublished
Muscovy duck reovirus MDRV AJ293969 Unpublished
— ARV S1133
L ARV 601G y
ARV 91681
I: ARV 918
MDRV @
— MRVTI ’1
__ MRV T3 1
] L B/03 e
MRV T2 1
|_ GCRV
s 1=
GCSV
76.9
I I I I [
70 60 50 40 30 20 10

Nucleotide Substitutions (x100)

3-12 M3

Fig.3-12 Phylogenetic tree of M3 gene
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3.2.6.3 M3

M3 721 MRV M3
uNS 82.8%~96.0% M3 UNS  uNSC C-
N- 40 uNS
Broering et al, 2002; Miller et al, 2003
C- alpha-helical coiled coils a-b-c-d-e-f-g , a d
McCutcheon et at, 1999 Lupas et al, 1997 478~506
518~561 620~692 3-14 DNAStar Protean
Version 5.0.1 Secondary Structure-Deléage & Roux method -
90%  Secondary Structure-Coiled Coil method coiled coils 532~565
620~672 665
669 “stutter” coiled coil Brown et al, 1996
alpha-helical coiled coils uUNS
M3 NCBI BLAST N- 479~685 494~679
ATPase uNS  uNSC ATPase
uNS  uNSC ATPase
3-13 M3
Table 3-13 Homology of M3 gene
= 8 4 - C oz = £ 2
b 2 Q
B/03 20.4 23.0 22.7 20.0 22.7 22.2

MRV T1

MRV T2

MRV T3

GCRV

GSRV

ARV S1133

ARV 91681

ARV 918

ARV 601G

MDRV
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3-14 M3

Table 3-14 Heptad-repeat pattern of uNS protein encoded by M3 gene

NS

a b c d e f g
Tle I Lys K LeuL Gln Q LeuL AspD
Ala A Ser S ArgR Gln Q Cys C His H GluE
Cys C Pro P Val Vv LeulL Gln Q Gln Q LysK 478~506
Val vV Val V GluE LeuL GluE Lys K Gln Q
lle I Tle I
Met M Ala A
LeulL GIn Q Pro P LeuL LeuL Ser S GIn Q
LeuL ArgR GluE LeuL Ser S Gly G GluE
Val Vv Thr T ArgR LeuL Gln Q Met M GluE 518~561
LeuL Ser S Arg R Ala A Gln Q Ser S LeuL
Asn N Ala A Gln Q LeuL GluE Ala A AspD
Val Vv Lys K Ser S Ala A Gln Q Ser S Cys C
Gln Q Thr T Val V
llel AspD AspD LeuL Thr T Gln Q Met M
Asn N Gly G Lys K Gln Q Ala A ArgR GluE
lle I Thr T GluE LeuL Arg R GluE Ser S
Ala A GluE Asn N TyrY GluE Lys K Gln Q
IleI Ala A GluE Leul Val V Ser S Thr T
620~692
lle Thr T Gln Q Asn N Gln Q Thr T Thr T
TyrY Gln Q Gln Q GluE
LeuL Gln Q Ala A LeuL Val Vv Ala A Lys K
Asn N Val V GluE LeuL AspD Thr T LeuL
Asn N Gln Q Arg R Gln Q Ala A Lys K Ser S
LeuL ArgR Ile
a d
3.2.7 S1
3.27.181 RT-PCR
S1 1416bp
S1a/S1b Slc/S1d RT-PCR 3-1
3-13
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3-13 s1 RT-PCR M DNA marker DL2000
1 Sia/Slb PCR (392bp);2:S1c/S1d PCR (1097bp) .
Fig.3-13 Electrophoregram of S1 gene RT-PCR. M: DNA
marker(DL2000); 1: Product of S1a/S1b PCR(392bp); 2: Product

of Slc/S1d PCR (1097bp).
3.2.7.281
DNAStar Version 5.0.1 Seqman S1 1428bp
1413bp 470 ol 199
clS ol olS NCBI BLAST MRV
T1 ol NCBI BLAST MRV
Tl T2 T3 NDEV ARV MDRV SI1 oC
olS NCBI BLAST MRV T1 S1
clS
ol 3-15 olS 3-17 DNAStar MegAlign Clustal V
method ol 3-16 MRV T1
68.2%~86.3% 77.7%~90.0% T2
45.8%~48.3% 42.0%~51.1% T3 24.0%~26.1%
19.5%~20.8% NDEV NBV PRV BRV RRV ARV
MDRV GRV clS
MRV T1 90.8% 88.3% 3-18 DNAStar
MegAlign B/03 o1 1S MRVTI ol 3-14
clS 3-15
3.2.7.381
S1 470 ol oIS
MRV T1 S1 ol NCBI BLAST N-
ol oC ol N-
alpha-helical coiled coils a-b-c-d-e-f-g , a d
McCutcheon et at, 1999 Lupas et al, 1997 28~125 N- 1/3
3-19 DNAStar Protean Version 5.0.1 Secondary Structure-Coiled Coil method
coiled coils 22~76 119~177
Antigenicity Jameson-Wolf method N- Coiled Coil

alpha-helical coiled coils
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ol Bassel et al, 1985 ol 4

N-X-T/S 21~23 121~123 205~207
353~355 ol
Nagata et al, 1984  S1 olS
- 13~15
3-15 S1 ol

Table 3-15 Reovirus strains used for assay of S1 gene o1

GenBank

Virus strain Abbreviation GenBank accession no. Reference
T1/Human/Ohio/Lang/1953 MRV T1 NC_004267 Munemitsu et al, 1986
T2/Human/Ohio/Jones/1955 MRV T2 NC_004264 Cashdollar et al, 1985
T3/Human/Ohio/Dearing/1955 MRV T3 NC_004277 Cashdollar et al, 1985
T1/bovine/Maryland/Clone50/1960  T1C50/60 AY862133 Campbell et al, 2005
T1/Human/Netherlands/1/1984 T1Neth/84 AY862136 Campbell et al, 2005
T1/bovine/Maryland/Clone23/1959  T1C23/59 AY862134 Campbell et al, 2005
T2/human/Netherlands/1/1984 T2Neth/84 AY862138 Campbell et al, 2005
T2/Winnipeg/ Canada T2/W DQ220017 Unpublished
T2/Human/BYD1/China T2/BYD1 DQ312301 Unpublished
T3/Bovine/Maryland/clone 45/1960  T3C45/60 L37680 Dermody et al, 1990
T3/Human/Washington D.C/Abney/ T3C87/57 L37677 Dermody et al, 1990
clone87/1957
T3/Human/Tahiti/ clone 8/1960 T3C8/60 L37679 Dermody et al, 1990
T3/Bovine/Maryland/clone 18/1961  T3C18/61 L37684 Dermody et al, 1990
T3/Murine/France/clone 9/1961 T3C9/61 L37676 Dermody et al, 1990
T3/Human/Colorado/1996 T3/96 AY302467 Tyler et al, 2004
Ndelle virus NDEV AF368035 Attoui et al, 2001
Nelson bay reovirus NBV AF218360 Shmulevitz et al, 2002
Pulau Reovirus PRV AY357730 Pritchard et al, 2006
Baboon reovirus BRV AF406787 Dawe et al, 2002
Reptilian reovirus RRV AY238887 Duncan et al, 2004
ARV S1133 ARV S1133 AF330703 Bodelon et al, 2001
ARV 916 ARV 916 AF297214 Unpublished
ARV 918 ARV 918 AF297215 Unpublished
ARV 601G ARV 601G AF297217 Unpublished
Muscovy duck reovirus YJL MDRV/YJL DQ191363 Wang et al, 2005
Muscovy duck reovirus C4 MDRV/ C4 DQ066924 Direct Submission
Goose reovirus D14/99 GRV D14/99 AJ717735 Banyai et al, 2005
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Nucleotide Substitutions (x100)

3-14 S1 ol

Fig.3-14 Phylogenetic tree of S1 gene o1
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T1C50/60 WY

MRV Tl’,

T1Neth/84 ’,

B/03 g

L TIC23/59 m

T2Neth/84 1
T2/W

T2/BYDI 1
MRV T2 1

BRV MR

ARV 81133 §f
MDRV/ YJL i@

ARV601Gy

ARV916y
ARV 918 §f

NBV g

PRV g
MDRV/ C4 4gy

GRVD14/99 T,
T3C45/60 WY
T3C87/57 1
MRV T3 1
T3C8/60 1

T3C18/61 Wy

T3C9/61 A



3-16 S1 cl

Table 3-16 Homology of S1 gene c1

o) j j j - - - = - = Z — = — Z, Z, < o] > > > > Z Q

S f3::EYECER{EEE8¢§¢2E8 2225 38 § ¢

e e = 2 5 = 3 - 4 3 I x < w e e g < < d

¢ 2 z 2 g ¥ g =2 = 4 = ° * 3 o £ =

N N % Q = = S

B/03 2 852 849 863 483 479 458 479 258 247 240 254 242 256 261 256 202 218 270 214 205 200 208 190 200 210 213

T1C23/59 1.1 1696 613 412 410 439 469 247 235 256 251 2606 245 232 230 212 204 275 223 215 206 217 203 206 225 217

T1C50/60 87.9 745 2 958 412 B3 465 414 28 230 234 235 26 239 254 264 228 200 237 212 213 217 220 203 210 213 209

T1Neth/84 90.0 764 932 3 418 BT 460 44 243 246 263 246 235 243 238 204 227 211 256 221 215 214 222 204 209 215 215
MRV T1 881 737 931
T2/BYD1 SL1 496 513
T2Neth/84 88 490 497
MRV T2 420 422 405
T2/W 413 411 418
T3C45/60 206 202 217
T3C18/61 195 200 211
T3/96 202200 217
MRV T3 208 200 219
T3C8/60 195 193 204
T3C87/57 204 200 215
T3C9/61 208 208 215
NDEV 205 191 216
NBV 160 164 167
PRV 140 131 137
BRV 127 134 141
RRV 146 149 140
ARV S1133 150 147 138
ARV 916 168 165 147
ARV 918 153 156 147
ARV 601G 144 150 153
MDRV/ C4 159 137 144
MDRV/YJL 147 147 138
GRV D14/99 142 139 142




3-17 S1 clS

Table 3-17 Reovirus strains used for assay of S1 gene 61S

GenBank
Virus strain Abbreviation ~ GenBank accession no. Reference
T1/Human/Ohio/Lang/1953 MRV T1 NC_004267 Munemitsu et al, 1986
T2/Human/Ohio/Jones/1955 MRV T2 NC_004264 Cashdollar et al, 1985
T3/Bovine/Maryland/clone 31/1959 T3C31/59 L37683 Dermody et al, 1990
T3/Bovine/Maryland/clone 43/1960 T3C43/60 L37682 Dermody et al, 1990
T3/Bovine/Maryland/clone 18/1961 T3C18/61 L37684 Dermody et al, 1990
T3/Human/Tahiti/ clone 8/1960 T3C8/60 L37679 Dermody et al, 1990
T3/Human/Washington D.C/clone93/1955  T3C93/55 L37675 Dermody et al, 1990
T3/Murine/France/clone 9/1961 T3C9/61 L37676 Dermody et al, 1990
T3C18/60 'ﬂl
]
L T3C9/61 ‘_: x
T3C31/59
----- )
T3C8/60 1
T3C43/60 ﬂ
|: )
T3C93/55 1
B/03 gy
MRV Tl 1
MRV T2 1
50.5
I I I I I
50 40 30 20 10 0

Nucleotide Substitutions (x100)

3-15 S1 clS

Fig.3-15 Phylogenetic tree of S1 gene 61S
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3-18 s1 01S
Table 3-18 Homology of S1 gene 61S

€0/d

L AN
L AN
6S/1€D¢L
09/€¥DEL
19/81D¢L
09/80¢L
§S/€6D¢EL
19/6D¢L

B/03 49.

-

28.

O

30.

W

28.

W

28.

o)}

29.

[\

28.9

MRV Tl

MRV T2

T3C31/59

T3C43/60

T3C18/61

T3C8/60

T3C93/55

T3C9/61

3-19 ol
Table 3-19 heptad-repeat pattern of 61 protein

a b c d e f g
Tle I GluE GluE Tle I LysK LysK Gln Q 28-34
Val Vv Lys K lle I Asn N Ala A AspD AspD 3541
Ile I ArgR Ala A Ala A Asn N Thr T Lys K 42-48
LeuL AspD Gly G LeuL Ala A Arg R Gln Q 49-55
Tle I Val V AspD lle I Ser S Asn N Ser S 56-62
Val V Ser S Thr T lle I GluE Ser S ArgR 63-69
LeuL Gly G GluE Met M AspD Asn N Arg R 70-76
Phe F Val vV Gly G Tle I Ser S Asn N Gln Q 77-83
lle I Thr T Gln Q LeuL Ser S Asn N Ser S 84-90
Val V Ser S Gln Q Asn N Thr T Gln Q Gly G 91-97
Tle I Ser S Ser S LeuL Gly G AspD ArgR 98-104
Val Vv Asn N Ala A Ile I GluE Pro P ArgR 105-111
Val V AspD Ser S LeuL AspD Thr T Val V 112-118
Ala A Ala A Asn N LeuL Thr T Gly G ArgR 119-125
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3.2.8 82

3.2.8.1 82 RT-PCR

S2 1331bp S2a/S2b RT-PCR
3-1 3-16

3-16 S2 RT-PCR M DNA marker DL2000

2 000bp 1 S2a/S2b PCR  (1331bp).

1 000b
P Fig.3-8 Electrophoregram of S2 gene RT-PCR. M: DNA

marker(DL2000); 1: Product of S2a/S2b PCR(1331bp).

3.2.8.2S52
DNAStar Version 5.0.1 Seqman S2 1331bp
1257bp 418
NCBI BLAST MRV Tl NDEV T3 T2
NCBI BLAST ARV MDRV GRV S2
cA segment 8 VP6 NBV PRV S2 ol BRV
S1 ol
3-20 DNAStar MegAlign Clustal V method
3-21 MRV 1 2 3 TIL T2J T3D
85.3% 73.0% 83.1% 94.3% 92.6% 97.1%
SARS GD-2003 72.6%~85.4%
92.6%~97.9% NBV PRV
30.7% 29.0% 271% 27.6% BRV ARV
MDRV GRV DNAStar MegAlign
B/03  S2 3 MRV NDEV  GD-2003
NBV PRV 3-17
3.2.8.3S2
S2 418 MRV S2
62 92.6%~97.9%  DNAStar Protean Hydropathy Kyte-Doolittle method
C- 1/4  314~409 Secondary Structure Deleage
& Roux method - B- 349~376
- Surface Probability-Emini method 2
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363~372

Chapell et al, 1994

RNA B

1991

375~386

3-20 S2

354~374

S2 dsRNA

Table 3-20 Reovirus strains used for assay of S2

62
DNA
Dermody et al,

GenBank

Virus strain Abbreviation GenBank accession no. Reference
T1/Human/Ohio/Lang/1953 MRV T1 NC 004268 George et al, 1987
T2/Human/Ohio/Jones/1955 MRV T2 NC_004263 Dermody et al, 1991
T3/Human/Ohio/Dearing/1955 MRV T3 NC 004279 Wiener et al, 1989
T1/Bovine/Maryland/clone 49/1960 T1C49/60 L19766 Chapell et al, 1994
T1/Human/Washington D.C/clonell/ 1959 TI1C11/59 L19765 Chapell et al, 1994
T2/T2W/Winnipeg W DQ220020 Unpublished
T3/Bovine/Maryland/clone 18/1961 T3C18/61 L19770 Chapell et al, 1994
T3/Human/Tahiti/clone 8/1960 T3C8/60 L19768 Chapell et al, 1994
T3/Murine/France/clone 9/1961 T3C9/61 L19769 Chapell et al, 1994
SARS orthoreovirus GD-2003 GD-2003 AY335545 Duan et al, 2003
Ndelle virus NDEV AF368036 Attoui et al, 2001
Nelson bay reovirus NBV AF059718 Duncan et al, 1999
Pulau Reovirus PRV AY357731 Pritchard et al, 2006
Baboon reovirus BRV AF059719 Duncan et al, 1999
ARV S1133 ARV S1133 AF104311 Yin et al, 2000
ARV 916 ARV 916 AF294764 Liu et al, 2001
ARV 918 ARV 918 AF294766 Liu et al, 2001
ARV 601G ARV 601G AF311322 Liu et al, 2001
Muscovy duck reovirus YJL MDRV/YJL DQ198857 Unpublished
Muscovy duck reovirus C4 MDRV/ C4 AY962265 Direct Submission
Goose reovirus GXR GRV/GXR AY 962264 Direct Submission
Grass carp reovirus GCRV AF259053 Unpublished
Golden shiner reovirus GSRV NC 005173 Attoui et al, 2002
Chum salmon reovirus CSV NC_007588 Winton et al, 1987
Striped bass reovirus SBRV AF450321 Attoui et al, 2002
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Fig.3-17 Phylogenetic tree of S2 gene
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3-21 S2

Table 3-21 Homology of S2 gene
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19/6D¢L
£002-dO
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Add
Add

916 A4V

816 AdV

D109 AUV
TA
/AIAN

7O /AIAIN

XD/AID

A

AdDD

AISDH

ASD

AJES

B/03

MRV T1
T1C49/60
T1C11/59
MRV T2
T2W

MRV T3
T3C18/61
T3C8/60
T3C9/61
GD-2003
NDEV
NBV

PRV

BRV

ARV S1133
ARV 916
ARV 918
ARV 601G
MDRV/YJL
MDRV/ C4
GRV/GXR
GCRV
GSRV
CSvV
SBRV

278
299
283

[SS IS I S )
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29.7

289
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295

293 295 312
298 312 306
286 300 308

30.8
298
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215
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242
240
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3.2.9 S3

3.29.1S83 RT-PCR
S3 1198bp S3a/S3b RT-PCR
3-1 3-18

3-18 S3 RT-PCR M DNA marker DL2000
1 S3a/S32b PCR (1198bp)
2 000bp
1 000bp Fig.3-18 Electrophoregram of S3 gene RT-PCR. M: DNA

marker(DL2000); 1: Product of S3a/S3b PCR(1198bp)

3.29.2S3
DNAStar Version 5.0.1 Seqman S3 1198bp
1101bp 366 NCBI
BLAST MRV T2 Ti1
T3 NCBI BLAST B/03  S3
ARV MDRYV S4 oNS NBV PRV BRV S3 oNS
3-22 DNAStar MegAlign Clustal V method
3-23 MRV 1 2 3 TIL T2J T3D
89.8% 69.4% 83.2% 96.5% 85.6% 96.2%
69.4%~97.7%
85.6%~98.1% NBV PRV
24.6% 24.5% 19.6% 19.6% BRV ARV MDRV
DNAStar MegAlign B/03 S3
MRV NBV PRV 3-19
3.2.9.38S3
S3 366 MRV S3
oNS 85.69%~98.1%  DNAStar Version 5.0.1  Protean Secondary Structure
Deléage & Roux method - C-
o- 225~336 - 337
o- 338~359 oNS S-Class a-
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oNS ssRNA
ssRNA Swanson et al, 1987

Table 3-22 Reovirus strains used for assay of S3

3-22 S3

Huismans et al, 1976

oNS

ssRNA

oNS

GenBank

Virus strain Abbreviation GenBank accession no. Reference
T1/Human/Ohio/Lang/1953 MRV Tl NC_004266 George et al, 1986
T2/Human/Ohio/Jones/1955 MRV T2 NC_004269 Wiener et al, 1987
T3/Human/Ohio/Dearing/1955 MRV T3 NC 004283 Richardson et al, 1983
T1/Human/Netherlands/1/1967 T1Neth/67 U35351 Goral et al, 1996
T1/Human/Netherlands/1/1984 T1Neth/84 U35348 Goral et al, 1996
T1/Human/Netherlands/1/1985 T1Neth/85 U35346 Goral et al, 1996
T1/Human/Washington T1C11/59 U35359 Goral et al, 1996
D.C/clonel1/1959
T2/Human/Netherlands/1/1973 T2Neth/73 U35350 Goral et al, 1996
T2/Human/Tokyo/1/1990 T2Tokyo/90 U35360 Goral et al, 1996
T2/Simian/Maryland/SV59/1958 T2SV59/58 U35361 Goral et al, 1996
T2/T2W/Winnipeg T2W DQ220018 Unpublished
T3/Bovine/Maryland/clone18/1961 T3C18/61 U35358 Goral et al, 1996
T3/Feline/California/Cornell/1968  T3F/68 U35362 Goral et al, 1996
T3/Human/Netherlands/1/1983 T3Neth/83 U35349 Goral et al, 1996
T3/Human/Tahiti/clone8/1960 T3C8/60 U35355 Goral et al, 1996
T3/Human/Washington T3C84/57 U35354 Goral et al, 1996
D.C/clone84/1957
T3/Murine/France/clone9/1961 T3C9/61 U35352 Goral et al, 1996
Nelson bay reovirus NBV AF059726 Duncan et al, 1999
Pulau Reovirus PRV AY357732 Pritchard et al, 2006
Baboon reovirus BRV AF059727 Duncan et al, 1999
ARV S1133 ARV S1133 U95952 Direct Submission
ARV 916 ARV 916 AF294774 Unpublished
ARV 918 ARV 918 AF294775 Unpublished
ARV 601G ARV 601G AY 008385 Unpublished
Muscovy duck reovirus YJL MDRV/YJL DQ198858 Unpublished
Muscovy duck reovirus C4 MDRV/ C4 DQ066922 Direct Submission
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Fig.3-19 Phylogenetic tree of S3 gene
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3-23 S3
Table 3-23 Homology of S3 gene

T g3az2r322 2 2338823 8 5 2 233 2 2 2 Z % 2z oz oz 2z ERE
S o o = = ool =z ~ -3 ~ ~ D= = »
2 2 % 2 £ 2 2 £ 3 2 = 2 2 7 2 2 2 g 2 < 232 2 23278578
4 5 5 5B = 49 B g g H 2 % =2 g & 2 = < =
—_ = =~ 0N ) ~ IS © w N ~ = v = =) oo
el S —_— ~3
B/03 89.8 828 976 966 894 694 977 964 897 721 832 896 897 827 832 828 832 246 245 252 261 252 258 264 262 253
MRV T1 90.0 258 254 248 262 260 256
TINeth/67 83.0 251 257 261 254 252 249

T1Neth/84 981 973 978
T1Neth/85 98.1 975 970
T1C11/59 96.7 973 962
MRV T2 856 858 858
T2Neth/73 97.5 975 970
T2Tokyo/90 975 96.7 965
T2SV59/58 967 967 962
T2W 877 815 88.6
MRV T3 9.2 970 978
T3C18/61 973 978  96.7
T3F/68 973 978 970
T3Neth/83 97.0 973 992
T3C8/60 959 959  96.5
T3C84/57 96.5 96.7 975
T3C9/61 97.0 978 992
NBV 196 193 193
PRV 196 196 19.6
BRV 195 186 189
ARV S1133 199 199 196
ARV 916 196 199 196
ARV 918 202 202 199
ARV 601G 196 196 193
MDRV/YJL 199 199 196
MDRV/C4 207 204 202
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3.2.10 S$4

3.2.10.1 54 RT-PCR

S4 1196bp Mochow et al, 2001 S4a/S4b

RT-PCR 3-1 3-20
3-20 54 RT-PCR M DNA marker DL2000
2 000bp 1 S4a/S4b PCR  (1215bp)
1 000bp Fig.3-20 Electrophoregram of S4 gene RT-PCR. M: DNA
marker(DL2000); 1: Product of S4a/S4b PCR(1215bp)
M 1
3.2.10.2 54
DNAStar Version 5.0.1 Seqman S4 1215bp
1098bp 365
NCBI BLAST MRV NDEV
NCBI BLAST B/03  S4 ARV MDRV
GRV S3 oB NBV PRV $4 62 BRV S2 62
3-24 DNAStar MegAlign Clustal V method
3-25 MRV 1 2 3 TIL T2J T3D
85.7% 75.5% 86.2% 94.8% 89.9% 94.8%
SARS BYDI1
71.3%~92.2% 84.2%~96.7% NBV PRV
22.1% 23.2% 14.4% 14.1% BRV
RRV ARV TRV MDRV GRV DNAStar
MegAlign B/03 S4 MRV
NBV PRV 3-21
3.2.10.3 54
S4 365 MRV S4
o3 84.2%~96.7% N- CCHH
51~73 CMHCLSVVGSLQRKLKHLPHHRC  Mabrouk et al, 1994; Seliger et al,
1992 C- dsRNA KGRAYRK 234~241 KLKTV RK
291~297 St Johnston et al, 1992 Miller et al, 1992 MRV o3
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dsRNA dsRNA

3-24 S4

Table 3-24 Reovirus strains used for assay of S4

GenBank

Virus strain Abbreviation GenBank accession no. Reference
T1/Human/Ohio/Lang/1953 MRV T1 NC_004265 Atwater et al, 1986
T2/Human/Ohio/Jones/1955 MRV T2 NC_004273 Seliger et al, 1992
T3/Human/Ohio/Dearing/1955 MRV T3 NC_004276 Giantini et al, 1984
T1//Bovine/MaryLand/Clone50/1960 T1C50/60 U15079 Kedl et al, 1995
T1/Human/WashingtonD.C/Clone151958  T1C15/58 U15073 Kedl et al, 1995
T2/Human/BYD1 T2 BYDI1 DQ318037 Unpublished
T2 T2W Winnipeg T2W DQ220019 Unpublished
T3/Bovine/MaryLand/Clone18/1961 T3C18/61 U15074 Kedl et al, 1995
T3/Bovine/MaryLand/Clone31/1959 T3C31/59 U15076 Kedl et al, 1995
T3/Human/Tahiti/Clone8/1960 T3C8/60 U15082 Kedl et al, 1995
T3/Human/WashingtonD.C/clone93/1957  T3C93/57 U15083 Kedl et al, 1995
T3/Murine/France/Clone9/1961 T3C9/61 U15084 Kedl et al, 1995
Ndelle virus NDEV AF368037 Attoui et al, 2001
Nelson bay reovirus NBV AF059722 Duncan et al, 1999
Pulau Reovirus PRV AY357733 Pritchard et al, 2006
Baboon reovirus BRV AF059723 Duncan et al, 1999
Reptilian reovirus python RRV AY238886 Duncan et al, 2004
ARV S1133 ARV S1133 U20642 Yin et al, 1997
ARV 916 ARV 916 AY008383 Unpublished
ARV 918 ARV 918 AF301473 Unpublished
ARV 601G ARV 601G AY008384 Unpublished
Turkey reovirus TX99 USA Texas TRV TX99 AY444910 Sellers et al, 2004
Muscovy duck reovirus YJL MDRV/YJL DQ198855 Unpublished
Muscovy duck reovirus 89026 MDRV/89026  AJ006476 Le Gall-Recule et al, 1999
Goose reovirus D15/ 99 GRV D15/99  AY114138 Direct Submission

3.2.11
Bat/China/2003 B/03 10 ORF
10
ORF B/03 3-26
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3-25 54

Table 3-25 Homology of S4 gene

@ -~ - - - e s T T % 2> o4 %
S 2522222 EEZEZEEZEEZEOEOBEEEEEQECCS
3 S w - — o — x @ = < © ) z < ¥
- B - B - - 5 = =0

B/03 85.7 236 252 233 226 203

MRV T1 99.6 229 240 221 253 204

T1C50/60 86.1 235 246 229 240 232
T1C15/58 945 989 951
MRV T2 89.9 902 90.7
T2 BYDI1 945 945 954
T2W 842 852 847
MRV T3 948 964 954
T3C18/61 9.2 959 98.6
T3C31/59 95.1 964 956
T3C8/60 96.7 962 96.7
T3C93/57 964 967 984
T3C9/61 943 954 951
NDEV 942 942 942
NBV 144 155 155
PRV 141 149 152
BRV 134 134 137
RRV 126 128 128
ARV S1133 148 156 156
ARV 916 148 156 156
ARV 918 153 161 161

ARV 601G 150 158 1538
TRV TX99 142 142 148
MDRV/YJL 153 161 161
MDRV/89026 150 150 148
GRVDI15/99 131 137 137
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3-26 B/03

Table 3-26 Genes and encoded proteins function of B/03 strain

ORF Size G+C

(gene) (bp) (%) (protein) (aa) (KDa) Predicted function
L1 3804 45.82 A3 1267 142.3 RdRp
L2 3870 46.38 A2 1289 143.7
L3 3829 47.34 Al 1275 141.7 ATPase
M1 2211 44.19 n2 736 83.1
M2 2127 48.33 ul 708 76.2
M3 2166 47.69 uNS 721 80.3
S1 1413 44.80 cl 470 51.5
360 44.44 clS 119 14.0
S2 1257 48.13 62 418 47.1 dsRNA
S3 1101 47.05 oNS 366 41.1 ssSRNA
S4 1098 46.81 c3 365 41.1 dsRNA
3.3
3.3.1 B/03
B/03 10 3 L1 L2 L3 3
Ml M2 M3 4 S1 S2 S3 $4
AUG S1
AUG
M3 uNS  uNSC UNS ORF 2 AUG
B/03 10 MRV
B/03 L-Class 3 L1 L2 L3 NCBI BLAST MRV
3 TI1>T3>T2 MRV LI 4 ORF
DNAStar MegAlign Clustal V method B/03 L1 NDEV
L2 L3 SARS
GD-2003 B/03  L-Class MRV
3-3 35 3-7 L-Class MRV
L3 L1 L1 L2 L3
L2 L3 Al
L1 Al RdRp
/ L2 A2
L1 L3
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B/03 M-Class 3 Ml M2 M3 NCBI BLAST M1

M3 MRV TI1>T3>T2 M2 T3>T1>T2 DNAStar
MegAlign Clustal V method B/03  M-Class MRV Ml M2
M3 MRV M1
M2 M3 3-9 3-11 3-13 M1 u2
M2 ul
B/03 S-Class 4 S1 S2 S3 S4 S1 MRV Tl
MRV T2 MRV T3 NDEV NBV PRV BRV RRV ARV MDRV
GRV S1 ol
S2
MRV Tl NDEV T3 T2 SARS
GD-2003 NBV PRV
BRV ARV MDRV GRV S3 sS4
S2 B/03 S-Class 4 S1 MRV Tl
S2 S3 S4 MRV NBV PRV
3-16 3-18
3-21 3-23 3-25 B/03  S-Class MRV S2
S4 S1 S3
B/03 NDEV L1 M2 SI S2 S4
NDEV MRV 3
3 MRV 4 Attoui
etal, 2001  B/03 NDEV B/03 SARS
GD-2003 L3 S2 BYDI S4

GD-2003 BYDI1

B/03 10
MRV ARV MDRV
GRV BRV RRV NBV PRV
B/03
3.3.2 B/03
B/03 MRV B/03
B/03 L1 L2 L3 Ml M2 S1 S2
S4 A3 A2 Al p2 pl ol o2 o3 M3 S1 S3
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NS o61S oNS

MRV A3 RdRp Wiener et al, 1989 B/03 L1 A3
RNA DXXXXD 585~590 RNA
GDD 733~735 RNA EXXKXY 780~785
Poch et al, 1989 Bruenn, 1991 B/03 A3 RdRp
dsRNA / A3
3 MRV
MRV A2 8 nm
Luongo et al, 2000; Reinisch et al, 2000
B/03 L2 A2 1 2~380
2 434~691 840~1002 A2 C-
GTP-binding GAAAAGK 893~899 EKQG 1029~1032
B/03 A2 RNA
mRNA
MRV Al ATPase Bisaillon et al., 1997; Lemay et al,1994
p2 o2 dsRNA
B/03 L3 Al N- Cys2/His2 183C 186C 203H 206H
Al N- 6 RNA
KGKSSGKG DEAD EAT FISS VRGAN NRVGR B/03 Al
ATP RNA dsRNA
Al |
N- SVRGA C- Al

(Dryden et al, 1998)

MRV p2 | RdRp

p2 Noble et al, 1997 RNA

B/03 u2 NTP-binding 410~420 GAVLPKGSFKS
446~449 DEVG Kim et al, 2004 B/03 p2
DNAStar Protean  Version5.0.1 Hydropathy- Kyte Doolittle
method Surface Probability-Emini method Antigenicity Jameson-Wolf method u2
N- 85~125
Secondary Structure -Deléage & Roux method
- - RNA u2

208 Pro/Ser Parker et al, 2002 1 208Pro 3

208Ser B/03 M1 208 Pro

M1 MRV T1
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MRV pl

Lucia et al, 1993

pl ul/plC ISVPs
5 O ISVPs B/03  ul plC 6
D pl C- 4 383~398 450~465 553~565
684~698 DNAStar Protean Hydropathy-Kyte Doolittle method  Surface
Probability-Emini method 4
pl
ul N- 3 31~50
261~273 296~316
Sturzenbecker et al, 1987
MRV uNS
Miller et al, 2003
B/03 uNS a- C- a-b-c-d-e-f-g a
d McCutcheon et at, 1999 Lupas et al, 1997 alpha-helical coiled
coils Secondary Structure-Coiled Coil method coiled coils 532~565
620~672
alpha-helical coiled coils uUNS
NCBI BLAST N- 479~685 494~679
ATPase uNS ATPase uNS ATPase
MRV o1
Nagata et al, 1984; Bassel et al, 1985 Shahi et al,
2001 B/03 S1 ol N- alpha-helical
coiled coils a-b-c-d-e-f-g , 28~125 N-
1/3 DNAStar Protean Version 5.0.1 Secondary Structure-Coiled Coil method
coiled coils 22~76 119~177
alpha-helical coiled coils ol
Bassel et al, 1985 ol 3
ol ol 4
N-X-T/S 21~23 121~123 205~207
353~355 ol
MRVT3 3
Nagata et al, 1984  S1 olS
MRV 62 Al dsRNA
62 B/03 o2
C- 174 314~409 a- B-
349~376 - Surface Probability-Emini method
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2 363~372 375~386 G2

Al Chapell et al, 1994 354~374
DNA RNA B S2 dsRNA Dermody
etal, 1991
MRV 6NS S3 ssRNA mRNA
mRNA
B/03  oNS Cys
o- oNS S-Class a- DNAStar Protean  Version
5.0.1 Secondary Structure -Deléage & Roux method oNS C-
- 225~336 - 337
- 338~359 oNS ssRNA
Huismans et al, 1976 ssRNA Swanson et al, 1987 oNS
ssRNA oNS a-
MRV 63 dsRNA
03 Zn* ul 03
dsRNA dsRNA PKR
B/03 S4 o3 N- Cys2/His2 51~73
CMHCLSVVGSLQR KLKHLPHHRC  Mabrouk et al, 1994; Seliger et al, 1992
C- dsRNA KGRAYIK 234~241 KLKTVRK
291~297 St Johnston et al, 1992; Miller et al, 1992 B/03 o3
dsRNA
3.3.3 B/03
dsRNA
10~12 dsRNA 2005 9
ICTV Fauquet et al, 2005 12
1-1 10  dsRNA 3
MRV T1 T2 T3 NDEV SARS orthoreovirus GD-2003 ARV ARV MDRV GRV
NBV NBV PRV BRV  RRV 1-2
B/03 3
B/03 10 ORF B/03
B/03 A3 RdRp GDD RdRp B/03
A3 91.9%~98.2%
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RdRp 20% Attoui et al, 2000 B/03

B/03  RdRp RdRp
20% 38.6%~51.7 RdRp
B/03
B/03
MRV Tl T2 T3 NDEV SARS orthoreovirus GD-2003 ARV
ARV MDRV GRV NBV PRV BRV RRV
B/03 MRV NBV
PRV B/03
S1 MRV S1 MRV
B/03
S1 1 MRV T1
68.2%~86.3% 77.7%~90.0% T2
45.8%~48.3% 42.0%~51.1% T3 24.0%~26.1%
19.5%~20.8% NDEV 25.6% 20.5%
B/03 S1 MRV T1
S1 MRV NDEV S1 MRV 3
T3 62.9%~65.3%
61.5%~68.6% NDEV MRV T3
MRV 3 NDEV MRV MRV T4 Attoui et
al, 2001 B/03
B/03
3.3.4
dsRNA —_—
reassortment
3%~10% 5
MRV
MRV
Joklik et al, 1995
S-Class L-Class M-Class
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MRV S1I S2 S3 $4
Goral et al, 1996 Kedl et al, 1995 MRV S1  S2
Goral et al,

MRV S2 S3 S4

S3 sS4
1996; Dermody et al, 1990

allele
MRV
S1 ol
MRV 3
B/03 L1 NDEV 77.3%
L2 T3C93/55 76.2% L3 SARS GD-2003
82.8% Ml T1Neth/84 96.2% M2 T3A
90.0% M3 MRV T1 84.3% S1 MRV T1
86.3% S2 T1C11/59 84.5% S3 T2Neth/73
97.7% S4 T3C18/61 92.2%
B/03
B/03 10 ORF

B/03
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B/03 10 ORF
B/03 MRV
B/03 MRV
B/03

MRV B/03
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