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Abstract

Mouse parvoviruses are among the highly prevalent infectious pathogens in
contemporary mouse colonies. There are two serotypes, minute virus of mice (MVM)
and mouse parvovirus (MPV). Mouse parvoviruses have a predilection for mitotically
active cells and can interfere with immunology, transplantation, and oncology
research through virus-infected rodents, contaminated cells and biological materials.
In order to detect these two viruses simultaneously, a multiplex PCR assay that
amplifies the VP gene of MPV and MVM, and a mouse housekeeping gene has been
developed in this study. The MPV/MVM/Actin Multiplex PCR assay specifically
detects MPV and MVM, but doesn’t amplify KRV, RMV-1, RPV-1c, and H-1. The
multiplex PCR assay could simultaneously detect both MVM and MPV in as low as
50 copies in the condition of equal-amount dual infection. The sensitivity of this
multiplex PCR assay remained to detect at least 50 copies of MPV when the copies of
MVM were 200 times higher than the MPV copy number, and vice versa. The
prevalence surveillance result revealed that 3 out of 7 laboraotry mouse colonies were
contaminated with MPV with the prevalence of 11.5%; however, none of the tested
mouse colony was contaminated with MVVM. The MPV/MVM/Actin Multiplex PCR
assay developed in this study can provide a useful tool in the mouse health monitoring

in the future.
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800
(Ninomiya et al., 1998) 200 (Rowsell et al., 1988) 280
(Home Office et al., 2005) 1,800-2,200

(Mukerjee et al., 1997)

80%
1995 1 2005 12 31 PubMed biomedicine
database 365,208
314,136
( 36%) (24%) (Zhao et al., 2007)
1995-2005 2003
(Zhao et al., 2007)
1988-2005
(annual mean growth rate)  24.76% 1994-2005
41.88% (Zhao et

al., 2007)

(rodent parvoviruses)



rodent parvoviruses minute virus of mice (MVM)
(Crawford, 1966) mouse parvovirus (MPV) (McKisic et al., 1993)
Kilham rat virus (KRV) (Kilham and Olivier, 1959) Toolan’s H-1 virus (H-1) (Toolan
et al., 1960) rat parvovirus type la (RPV-l1la) (Ball-Goodrich et al., 1998) rat
parvovirus type UT (RPV/UT) (Ueno et al., 2001) rat parvovirus type 1c (RPV-1c)
( , 2009) rat minute virus (Wan et al., 2002) hamster parvovirus
(HaPV) MPV-3

(Besselsen et al., 1996; Besselsen et al., 2006) Parvovirus

Mouse parvoviruses

1.2.1 Minute virus of mice (MVM)

Crawford 1966 (mouse adenovirus)
“ " (passenger virus)
(Kilham rat virus) (Crawford, 1966) Parvoviridae
minute virus of mice (MVM) MVM-CR
MVM

prototypic MVM (MVMp) (McMaster et al., 1981)
2



(erythropoietic progenitor) T immunosuppresive MVM

(MVMi) (Tattersall and Spalholz, 1983) MVM

97% baby hamster
kidney cell (BHK-21) MVM(c) (Besselsen et al., 1996) NOD-mmchain
knockout mice MVM(m) (Besselsen et al., 2006)

1.2.2 Mouse parvovirus (MPV)

1990 MVM parvovirus

1990

McKisic 1993 cytolytic T

MVM parvovirus mouse parvovirus (MPV)
(McK:isic et al., 1993) MPV (non-structural
protein; NS protein) MVM rodent parvoviruses

(viral protein; VP)
MPV MPV-la MPV-1b MPV-1c MPV-1le MPV-1f MPV-2
MPV-3 MPV-4 MPV-5 ( , 2008; Ball-Goodrich and Johnson, 1994; Besselsen et

al., 1996; Besselsen et al., 2006)

1.2.3

Rodent parvoviruses (Parvoviridae family)
(20-26 nm) (Non-envelope) DNA
60 parvovirus

(Tattersall et al., 1976) Rodent parvoviruses
3



(autonomous) (helper virus) rodent

parvoviruses

S MRNA
(Cotmore and Tattersall, 1987)
MVM (Cotmore and Tattersall, 1987)
MPV autonomous parvovirus (Cotmore and Tattersall, 1987;

Ball-Goodrich and Johnson, 1994; Besselsen et al., 1996; Besselsen et al., 2006)

MVM  DNA 5-kb DNA 3’ 5’

(inverted terminal repeat) (hairpin
structure) parvovirus (Cotmore and
Tattersall, 1987) Rodent parvovirus DNA
DNA DNA (open reading frame, ORF)

ORF ORF 4
38 (P4 and P38 promoters)
(alternative splicing) (transcript) P4

(non-structural protein, NS) NS-1  NS-2 NS-1
DNA (Cotmore and Tattersall, 1987) NS-2
(Cater and Pintel, 1992) NS protein
rodent parvoviruses
(Caillet-Fauquet et al., 1990) P38

(viral protein, VP) VP-1(83kDa) VP-2 (64 kDa) VP-3 (60 kDa)

VP-2 N 25 (Clinton and
Hayashi, 1975; Tattersall et al., 1977) (capsid
protein) VP-1 (Tattersall et al., 1976; Tullis et al., 1993)
VP-2 (capsid protein) VP-1
VP-1 C VP-2 DNA



(encapsidation)
DNA (virion-like particle, VLP)
parvoviruses (Tullis et al., 1993) VP-3

(Tattersall et al., 1976)

MVM(p) (A9 murine
fibroblasts) C6 (C6 rat glial cells) SV-40
(NB324K human kidney cells) T (S49 and EL4 cells)
(BHK-21 cells) Fisher (FR3T3)

(Cotmore and Tattersall, 1987; Koering et al., 1996,

Tattersall and Cotmore, 1986; Tattersall and Bratton, 1983) MPV

CD8" T (CD8*
H-2L%reactive T-cell clone; L3) 324K cells (McKisic
et al. 1993)
Mouse parvoviruses
1.3.1
MVM  MPV DNA quantitative

Polymerase chain reaction (QPCR)
(Smith et al.,
1993; Jacoby et al., 1995b; Besselsen et al., 2008)

(fomite) (mechanical)



1.3.2

Mouse parvoviruses

parvovirus
7-14
(Jacoby et al., 1996) MVM(i)
( SCID mice)
sick mouse syndrome
MVM(m) NOD
(Naugler et al., 2001)
1.3.3
MVM(i) (hematopoietic
stem cell) (myeloid progenitor cell)
(cytotoxic effect) (Lamana et al., 2001
McMaster et al., 1981) MVM(i) BALB/c SWR SJL
CBA C3H
(Brownstein et al., 1991) DBA/2
C57BL/6
MVM(i) C57BL/6 C3H
(Insitu hybridization)
(Immunohistochemistry stain) C57BL/6
MVM 1996
Ramirez MVM(i) BALB/c

(proliferative center)
6



parvovirus (Ramirez et al., 1996)

MVM
(Thomas et al., 2007)
C57BL/6 MVM
(Thomas et al., 2007) MVM(p)
BALB/c (SCID mice)
(Kimsey et al., 1986; Smith et al., 1993; Rubio et al., 2005)
MVM(p) (capsid) MVM(p)
MVM(i) (SCID mouse)
(Leukopenia) (Lopez-Bueno et al., 2008; Rubio et al.,
2005) MVM
(self-limiting)
(Smith and Paturzo, 1988) MVM
(Kilham and Margolis, 1971)
MPV
(Smith, et al., 1993; Jacoby et al., 1995b;
Ball-Goodrich et al., 1998) (In situ

hybridization)
Peyer’s patch

(Jacoby and Ball-Goodrich, 1995a) MPV

(seroconversion)
parvovirus

(Jacoby et al., 1995b) MPV
7



MPV
MVM
DNA
(quiescent status) In situ hybridization
PCR  gPCR

(Jacoby et al., 1995b; Besselsen et al., 2007) MPV

(Besselsen et al., 2007)
MPV  MVM()
MPV
(Smith et al, 1993) MPV
(cytokine)

MVM(i) in vtro  in vivo

(McKisic et al.,

1996; McKisic et al., 1998; McMaster et al., 1981; Segovia et al., 1991; Segovia et al.,

1995; Segovia et al., 1999) MPV

9 MVM(i)

(Jacoby et al., 1995b; Smith et al., 1993; Smith and Paturzo, 1988)

Mouse parvoviruses

Rodent parvoviruses (80 10

9 1 ) (70 10 9 1 )



70% 2500 ppm Sodium

hypochlorite ( 1 ) 0.05% Quaternary ammonium ( 10 ) 7.5%

Hydrogen peroxide ( 20 ) (Cotmore and
Tattersall, 1986; Nicklas et al., 1999; Saknimit et al., 1988) rodent
parvoviruses MVM UV light

(Harris et al., 1974b)

parvoviruses

141 MVM

MVM(i)

T (cytotoxic T cell) T B
(Bonnard et al., 1976; Enger et al., 1981; McMaster et al., 1981)

(Segovia et al.,1991; Lamana et al., 2001)

MVM
invivo  invitro

(Lamana et al., 2001 McMaster et al., 1981; Segovia et al.,

1995; Segovia et al., 1999) (cytokine) MVM(i)
(interferon, IFN)

IFN-(3 -a (Tumor necrotic factor- a, TNF- a) -6 (IL-6)

(Harris et al, 1974a; Schlehofer et al, 1992)

MVM (Ron and Tal, 1985;
Koering et al., 1996) S MVM
NS-1 DNA S (Op



De Beeck and Caillet-Fauquet, 1997)
(Walton et al., 1989)
MVM (Bonnard et
al., 1976; Nicklas et al., 1993; Parker et al., 1970) (transformation)
(Rommelaere and Cornelis, 1991) MVM
(Wollmann et al., 2005)
MVM(i) (Kilham and Margolis,
1971) MVM(i) (Baer
and Kilham, 1974) MVM(i)
(Harderian glands) (hypertrophy) (Toolan et al,
1983)
MVM(p) (McMaster et al, 1981)
(Kimsey et al., 1986) MVM(p) avian
erythroblastosis virus (AEV) ( ) (208F cell)
(Cornelis JJ et al. 1988)
(transformation) MVM(p)
(cytopathic effect) (Cornelis et al., 1988, Guetta et al., 1990) MVM(p)

(Guetta et al., 1986)

142 MPV

MPV-1
Kupffer (Jacoby et al. 1995b; Shek et al. 1998; Smith et al. 1993)
MPV CD8" CD4" gdT CD8" CD4'T
-2 (Interkeukin-2; IL-2) (McKisic et al. 1993)

MPV (mixed lymphocyte culture reaction, MLC reaction)
10



T (cytotoxic T-cell) MVM(i)
(McKisic et al., 1993) MPV sarcoma cell line
BALBI/c sarcoma cell (McKisic et al. 1996)

MPV-1 BALB/c

MPV-1 (antigen presenting cell) T
(peripheral
tolerance) C3H/HeSn  C57BL/6
(McKisic et al., 1998) MPV-1
MPV-1

hybridoma  sarcoma cell (McKisic et al. 1996)
MVM MPV (Abschuetz et al. 2006;

Geletneky et al., 2005; Wildner, 2001) MPV ( MPV-2 MPV-3)

(Besselsen et al., 2006)

rodent parvovirus

Charles
River 2009

MPV 1.86% MVM  0.33% (Pritchett-Corning
et al.,, 2009) MPV 2 mouse Nnorovirus

(MNV)  Mahler 2009 parvovirus
100 mouse parvoviruses 1.01%
(Mé&hler and Kohl, 2009) ELISA
2006 96 MPV

11



14.6% 2007 961 11.7%

MNV helicobacter

(Liang et al., 2009) MOouse parvoviruses
5-10 parvovirus
rodent parvoviruses (Crawford,

1966; McMaster et al., 1981; Tattersall and Spalholz, 1983)

hemagglutination inhibition (HAI) assay indirect fluorescent antibody (IFA) test
enzyme-linked immunosorbent assay (ELISA)

parvovirus generic PCR rodent
parvovirus  DNA parvovirus

In situ hybridization DNA

1.6.1

enzyme-linked immunosorbent assay (ELISA) indirect
fluorescent antibody (IFA) test hemagglutination inhibition (HAI) assay

multiplex fluorescent immunoassays (MFI) ELISA rodent
12



parvovirus infection
ELISA
(NS-1  VP-2) ELISA
(Ball-Goodrich et al., 2002; Livingston et al., 2002; Riley et al., 1996) ELISA

IFA  HAI

IFA NS VP
MPV L3
(productive infection)
(Ball-Goodrich et al., 2002)
HAI parvovirus VP
HAI ELISA

IFA (Kagiyama et al., 1986; Ueno et al., 1996)

multiplex fluorescent immunoassays (MFI)

(microbead)

ELISA

(Khan et al., 2005)

13



1.6.2

PCR parvovirus
NS generic PCR assays
parvoviruses VP2
parvovirus species MVM MPV VP region PCR
(Besselsen et al., 1995; Chang et al., 1997) 10 copies
MVM DNA 10pg MPV MPV  PCR
HaPV Lulll virus rodent parvoviruses (Ball-Goodrich et al., 1994;
Besselsen et al., 1995) MPV 6 PCR
DNA
(Besselsen et al., 1995) 6-9
PCR (Jacoby et al., 1995a)
(Bauer and Riley, 2006)
PCR

(Bauer et al., 2004; Blank et al., 2004; Bootz et
al., 2003) (Besselsen, 1998; Besselsen et al., 1995; Wan et al., 2006)
(Bauer and Riley 2006; Kunita et al., 2006)
(mouse antibody production test, MAP test) PCR
PCR
(Besselsen et al.,
1995; Wan et al., 2006)

PCR real time PCR
14



PCR DNA real time PCR DNA
PCR cycle
DNA DNA (peak)
(band)
PCR

PCR

DNA
(molecular hybridization with strand specific probes)

DNA

1.6.3
a)
4-6
(de Souza et al., 1989)
b) MPV
(Paturzo
et al., 1987; Smith et al., 1988)
C) (Immunohistochemistry stain, 1HC)
parvovirus

IHC

d)
15



parvovirus

16



(mouse parvoviruses) minute virus of mice (MVM)

mouse parvovirus (MPV)

mouse
parvoviruses
(MPV/MVM/Actin Multiplex PCR Assay)
MPV  MVM actin
actin PCR
DNA MOouse parvoviruses
MPV  MVM

17



(Materials and methods)

mouse parvoviruses
MPV
(MPV-1f ) MVM() ( Dr. Riley )
VP TA clone MPV  MVM
MVM MPV

MPV  MVM PCR

PCR MPV  MVM

MPV/MVM/Housekeeping gene (Actin) Multiplex

PCR Assay

Figure 1

3.21

174

-80

-80 MPV
18



MPV -80 MVM

University of Missouri-Columbia Research Animal Diagnostic
Laboratory (RADIL) Dr. Riley -80 KRV H-1 RPV
RMV parvoviruses (Riley )
-80
3.2.2 DNA
parvovirus
(Jacoby et al., 1995) DNA

QIAamp® DNA Mini Kit (Qiagen, Hilden, Germany)
DNA (10 mg) 1.5-ml

180 m ATL buffer 20  proteinase K (Qiagen)

56 200 M AL buffer (Qiagen)
15 70
10 200 m 100%
Ethanol 15 QlAamp spin column 8000 rpm
1 QlAamp spin column 2-ml 500 m
AWL1 buffer (Qiagen) QIAamp spin column 8000 rpm 1
QlAamp spin column 2-ml 500m  AW2 buffer
(Qiagen) 14000 rpm 3 QlAamp spin column
2-ml 14000 rpm 1 QlAamp Spin Column
1.5-ml 200 M AE buffer (Qiagen) QIAamp spin

column 1 8000 rpm 1 150 m

19



AE buffer 1 8000 rpm 1 350 m

DNA -20
3.2.3 MPV  MVM DNA
MPV DNA 3.2.2
DNA 350 M DNA -20 MVM
DNA QIAamp® MinElute® Virus Spin Kit (Qiagen, Hilden, Germany)
DNA 25 m QIAGEN
protease (Qiagen) 1.5-ml 200 m 200 M AL
buffer 15 56 15 250 ml 100% ethanol
15 5 QIlAamp
MinElute column 8000 rpm 1 QIAamp MinElute
column 2-ml 500 M AW2 buffer QIAamp MinElute
column 8000 rpm 1 QIAamp MinElute column
2-ml 500 M 100% ethanol 14000 rpm 1
QlAamp MinElute column 2-ml 56
3 QlAamp MinElute column 1.5-ml
150 M AVE buffer (Qiagen) 1 14000 rpm 1
150mM DNA -20
3.2.4 DNA

MPV/MVM/Actin Multiplex PCR
MPV ~ MVM DNA QlAamp®

DNA Mini Kit (Qiagen, Hilden, Germany) DNA
20



( 5x10°10° ) 1.5-ml
300 xg 200 M PBS
20 M proteinase K 200 mM AL buffer 15
56 10 200 m 100% Ethanol 15
QlAamp spin column 8000 rpm 1 QlAamp
spin column 2-ml 500 M AW1 buffer QlAamp spin
column 8000 rpm 1 QlAamp spin column
2-ml 500 M AW?2 buffer 14000 rpm 3
QlAamp spin column 2-ml 14000 rpm
1 QlAamp spin column 1.5-ml 200 m
AE buffer 1 8000 rpm 1 200 mm
DNA -20
MPV MVM
DNA MPV MVM VP DNA  TA clone
competent cell
3.3.1 MPV  MVM VP
VP MPV
DNA MVM DNA MPV  MVM VP
MPV 2219 bp MVM 1800 bp
(Table 1) 50 pl

21



5 ul MPV DNA MVM DNA 0.5 uM
VPF VPR (Invitrogen, Carlsbad, CA, USA) 0.2 uyM  dNTP (OnesStar,
Taipei, Taiwan) 1X Phusion® HF buffer (Finnzyme, Espoo, Finland) 1 U
Phusion® DNA polymerase (Finnzyme)

(C1000 Thermal Cycler  BIO-RAD, Hercules, CA, USA)

98 30 35 98 10 62 15 72
90 72 10 4

Tris-borate EDTA (TBE) 1% (Alfa Biosciences, Baltimore,
MD, USA) 50V 100 (0.5 mg/l)

1 kb  DNA ladder (Bioman, Taipei, Taiwan)

DNA

3.3.2 MPV  MVM VP DNA

PCR Tris-borate EDTA (TBE)
1% (SeaPlaque GTG Agarose, Lonza, ME, USA) 50V
100 (0.5 mg/l)
DNA QIAquick® Gel

Extration Kit (Qiagen, Hilden, Germany)

1.5-ml

QG buffer (Qiagen) (300 ul/0.1 g )

50 10
QIAQuick column 13000 rpm 1 QIAQuick column
2-ml 500 pl QG buffer 13000 rpm 1
QIAquick column 2-ml 750 ul PE buffer (Qiagen)

5 13000 rpm 1 QIAquick column 1.5-ml
22



30 pl EB buffer (Qiagen) 1 13000 rpm 1
QIAquick column 1.5-ml
QIAQuick column 1 13000 rpm 1

VP

3.3.3 MPV MVMVPDNA 3

3 30 pl
MVM  MPV VP DNA 0.2mM  dATP (Finnzyme) 1X DyNAzyme
buffer (Finnzyme) 1 U DyNAzyme Il DNA polymerase (Finnzyme)
(C1000 Thermal Cycler BIO-RAD) 72 20

4 <f]

3.34 MPV  MVM 3

3 QIAquick® PCR Purification Kit (Qiagen,
Hilden, Germany) PBI buffer (Qiagen)
DNA 5:1 QIAquick spin column 13000
rpm 60 QIAquick column 2-ml 750 ul PE
buffer 13000 rpm 1 QIAquick column 2-ml
13000 rpm 1 QIAquick column 1.5-ml
30 ul EB buffer 1 13000 rpm 1
QIAQuick column 1.5-ml
QIAQuick column 1 13000 rpm 1

MPV  MVMVP 3

23



3.35 MPV  MVM VP

im VP (QCapture
Pro, Media Cybernetics Inc., and QImaging Inc.) 100 bp DNA
ladder MPV  MVM DNA TOPO TA Cloning®
kit (Invitrogen, Carlsbad, CA, USA) (recombinant plasmid
TOPO TA Cloning® kit MPV MVM DNA
pCR2.1-TOPO® (Invitrogen) multiple cloning site
DNA transform E. coli (TOP10 competent cell; Invitrogen)
DNA 1l Salt Solution

(Invitrogen 1pul  pCR 2.1-TOPO®
6 ul 5
transformation 2 ul

TOP10 competent cell (Invitrogen)  2-ml

5 30 42 30 heat shock
250 I S.0.C. medium 37 200 rpm 1
Ampicillin (100 pg/ml) LB plate 40m  X-gal (40
ng/ml) 100m 37 18

(blue/white colony screening)
LB plate
LB broth 200 rpm 37

18

24



3.3.6 MPV  MVM VP

QIAprep® Spin Miniprep Kit (Qiagen, Hilden, Germany)

. coli 1.5-ml 8000 rpm
3 250 pl P1 buffer . coli pellet 15 250 pl P2
buffer 5 350 pl N3 buffer 5
13000 rpm 10 QIAprep spin column 13000
rpm 1 QIAprep spin column 2-ml 750 pl
PB buffer ~ 13000 rpm 1 QIAprep spin column 1.5-ml
no stick 50 pl EB buffer 1 13000 rpm 1
-20
MPV  MVM
34.1 (MPV MVM  Housekeeping gene)
MPV ~ MVM BioEdit®
MegAlign® MPV MVM
rodent parvoviruses (alignment) parvovirus DNA

Amplify3® (Bill Engels, University of

Wisconsin, WI, USA) EditSeq® (DNASTAR, Inc., Madison, WI, USA)

MPV VP MPV4107F
MPV4388R MVM VP MVM3163F MVM3627R (Table
2) Housekeeping gene (Actin) Miller 2003 a-actin

(acl GAGACCACCTACAACAGCATCATG ac2 CACCTTGATCT

TCATGGTGCTGGG) (Mdller et al., 2003) MPV MPV

25



rodent parvoviruses
rodent parvoviruses MVM MVM
rodent parvoviruses

Go Taq® flexi DNA polymerase (Promega, Madison, W1, USA)

34.2 MPV MVM (MPV Specific and

MVM Specific PCR Assays)

PCR 50m PCR 5m DNA
0.8 v MPV4107F- 4388R MVM3163F- 3627R
(Invitrogen) 0.05 mM  actin acl  ac2 (Invitrogen) 0.2 yM  dNTP

(OneStar, Taipei, Taiwan) 1X  GoTag® flexi buffer (Promega) 1.75 mM MgCl,

(Promega) 1.25 U GoTag® DNA polymerase (Promega)

0.2-ml PCR tube (C1000 Thermal Cycler;
BI1O-RAD) PCR PCR 95 2 95
30 56 30 72 30 35 4 (Table
2) DNA (No template)
MPV  MVM PCR
DNA 100 copies MPV  MVM VP
MPV/MVM DNA DNA
10 m MPV Specific or MVM Specific PCR Assays 0.36 ngy
100-bp DNA ladder (Bioman, Taipei, Taiwan) 2%

PCR
26



3.4.3 MPV Specific and MVM Specific PCR Assays

MPV Specific PCR Assay MPV-1f
PCR tube 10? copies MPV VP DNA  PCR

RPV-1c RMV-1 KRV H-1

PCR tube 10° copies parvovirus DNA  PCR
MVM Specific PCR Assay MVM
PCR tube 10? copies MVM VP DNA  PCR

RPV-1c RMV-1 KRV H-1
PCR tube 10° copies DNA PCR rodent
parvovirus-free DNA DNA

MPV Specific and MVM Specific PCR Assays

DNA
(no template)
MPV  MVM
PCR DNA
MPV Specific PCR Assay MPV-1f
PCR tube 1000 100 50 10 5

1 copies MPV VP DNA PCR MVM Specific PCR
Assay MVM PCR
tube 1000 100 50 10 5 1copies MVMVPDNA PCR

PCR rodent parvovirus-free DNA
DNA MPV Specific

and MVM Specific PCR Assays
DNA (no template)

MPV  MVM
27



DNA PCR DNA

3.4.4 (MPV/MVM/Actin Multiplex PCR Assay)
MPV  MVM actin

MPV/MVM/Actin Multiplex PCR Assay MPV4107F— 4388R

MVM3163F- 3627R a-actin acl-ac2 PCR

MPV  MVM DNA

DNA MPV/MVM/Actin Multiplex PCR Assay PCR
C1000 Thermal Cycler Bio-Rad) 50mM PCR
5m DNA 5m 0.6 MM
MPV4107F 4388R 0.8mMM MVMS3163F 3627R 0.05 nM
actinacl ac2 (Invitrogen) 0.2 yM  dNTP (OneStar) 1X Go Tag®

Flexi buffer (Promega) 1.75 mM MgCl, (Promega) 1.25U  GoTag® Flexi DNA

polymerase (Promega) 0.2-ml
(C1000™ Thermal Cycler, Bio-Rad) PCR PCR
DNA (no template)
MPV  MVM
PCR DNA 100
copies MPV  MVM VP MPV/MVM DNA
DNA
10 M MPV/MVM/Actin Multiplex PCR assay 0.36 ng  100-bp

DNA ladder (Bioman) 2% PCR

28



34.5 MPV/MVM/Actin Multiplex PCR Assay

MPV/MVM/Actin Multiplex PCR Assay MPV-1f
MVM PCR tube 10? copies MPV-1f
MVM VP DNA PCR RPV-1c RMV-1 KRV H-1
PCR tube 10° copies parvovirus  PCR
rodent parvovirus-free DNA
DNA MPV/MVM/Actin Multiplex PCR
Assay
DNA (no template)
MPV  MVM
DNA PCR DNA

3.4.6 MPV/MVM/Actin Multiplex PCR Assay

MPV/MVM/Actin Multiplex PCR Assay MPV-1f
MVM PCR tube 1000
100 50 10 5copies MPV-1f MVMDNA PCR
MPV/MVM-free DNA DNA
MPV/MVM/Actin Multiplex PCR Assay
DNA
(no template)
MPV  MVM DNA

PCR DNA

29



3.4.7 MPV/MVM/Actin Multiplex PCR Assay

MPV  MVM
MPV  MVM MPV/MVM/Actin multiplex PCR
multiplex PCR
MPV MPV

MVM MPV

PCR 5 PCRtube MPV VP
DNA (10000 copies) MVM VP DNA (10000 1000
100 50 10 copies) 5 PCRtube MVM
VP DNA (10000 copies) MPV VP DNA (10000
1000 100 50 10 copies) PCR tube MPV/MVM-free

DNA DNA

MPV/MVM/Actin Multiplex PCR Assay

DNA (no

template)
MPV  MVM DNA

PCR DNA
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351 MPV  MVM

MPV MVM 7
174 (Table 3)
MPV/MVM/Actin Multiplex PCR Assay MPV MVM DNA
3.2.2 DNA DNA 3.4.4
MPV/MVM/Actin Multiplex PCR Assay
DNA (no template)
MPV MVM
PCR DNA
100 copies MPV MVM VP MPV/MVM
DNA DNA
10 M MPV/MVM/Actin Multiplex PCR Assay 0.36 ny
100-bp DNA ladder (Bioman) 2% PCR
MPV  MVM MPV  MVM
DNA PCR
3.5.2 MPV  MVM
MPV MVM
16 (Table 4)

MPV/MVM/Actin Multiplex PCR Assay MPV  MVM DNA
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3.24 DNA DNA

3.4.4 MPV/MVM/Actin Multiplex PCR Assay

DNA (no template)
MPV MVM
DNA PCR
DNA 100 copies MPV MVM VP
MPV/MVM DNA DNA

10 M MPV/MVM/Actin Multiplex PCR Assay
0.36 ng 100-bp DNA ladder (Bioman) 2%

PCR

3.5.2 PCR

MPV. ~ MVM PCR QIAquick® PCR
Purification Kit (Qiagen Inc.) DNA

A260 A280 DNA

BigDye® Termination Cycle Sequencing v3.1 kit
(Perkin-Elmer, Applied Biosystem, Foster, CA, USA)
(Dideoxy-chain termination) DNA
Lasergene package (DNASTAR Inc., Madison, WI, USA)  EdiSeq™
SegMan™ rodent parvoviruses
NCBI GeneBank

(http://blast.ncbi.nlm.nih.gov/) DNA
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MPV MVM
MPV/MVM/Actin Multiplex PCR Assay
7 14 174
”conventional” “clean conventional” “barrier”

113 o1 10

6-43 (Table 3)

PCR

MPV/MVM
s 16
(Table 4) MPV/MVM/Actin Multiplex PCR Assay
MPV/MVM
MPV  MVM
421 MPV  MVM
MPV  MVM rodent parvoviruses

MPV MVM rodent
parvoviruses (alignment) VP
MPV  MVM MPV4107F MPV4388R

MPV rodent parvoviruses

DNA 366 bp MVM3163F MVM3627R
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MVM(i) MVM(p) rodent parvoviruses

MVM DNA 465 bp MPV MPV Specific
PCR Assay MPV DNA PCR
DNA MVM MVM
Specific PCR Assay MVM
PCR DNA

4.2.2 MPV Specific and MVM Specific PCR Assays

MPV Specific and MVM Specific PCR Assays

MPV  MVM DNA rodent parvoviruses
MPV  MVM KRV RMV-1 RPV-1
H-1 rodent parvovirus-free DNA MPV
Specific PCR Assay  MVM Specific PCR Assay DNA
MPV Specific PCR Assay MPV
366 bp MPV MVM DNA

(KRV H-1 RMV-1 RPV-1) (Figure 2) MVM Specific PCR Assay

MVM 465 bp MVM
MPV DNA (KRV H-1 RMV-1 RPV-1)
(Figure 3) DNA MPV
MVM

4.2.3 MPV Specific and MVM Specific PCR Assays

MPV Specific and MVM Specific PCR Assays

MPV MVM 1000 100 50 10 5
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1 copies MPV/MVM-free DNA MPV Specific

PCR Assay MVM Specific PCR Assay DNA
MPV Specific PCR Assay 5copies MPV (Figure 4)
MVM Specific PCR Assay 10 copies MVM (Figure 5)
MPV/MVM 153 bp actin
DNA MPV MVM
( 366 bp 465 bp)

4.2.4 MPV/MVM/Actin Multiplex PCR Assay

MPV/MVM/Actin Multiplex PCR Assay

MPV MVM actin - DNA rodent
parvoviruses DNA 100 copies MPV 100 copies MVM
(10° copies) (KRV RMV-1 RPV-1 H-1)
rodent parvovirus-free DNA MPV/MVM/Actin
Multiplex PCR Assay DNA MPV/MVM/Actin
Multiplex PCR Assay MPV  MVM
366 bp MPV 465 bp  MVM
153 bp a-actin (Figure 6)
parvovirus

153 bp a-actin
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4.2.5 MPV/MVM/Actin Multiplex PCR Assay

MPV/MVM/Actin Multiplex PCR Assay MPV
MVM 1000 100 50 10 5 copies
MPV/MVM DNA PCR MPV/MVM/Actin
Multiplex PCR Assay DNA MPV/MVM/Actin
Multiplex PCR Assay 50 copies MPV MVM

a-actin MPV 10 copies

MPV DNA (Figure 7) PCR

actin gene (housekeeping geen) (153 bp )

MPV  MVM ( 366 bp 465 bp)

DNA

4.2.6 MPV/MVM/Actin Multiplex PCR Assay

MPV  MVM MPV/MVM/Actin Multiplex PCR
Assay MPV
(10* copies) MVM (10* 10° 10°
50 10 copies) multiplex PCR MVM
(10* copies) MPV (10* 10% 10
50 10 copies) multiplex PCR 10* copies
MPV DNA multiplex PCR 50 copies MVM
(465 bp) (Figure 8-A) 10* copies MVM DNA
multiplex PCR 50 copie  MPV MPV

(366 bp) 10 copies MPV DNA (Figure 8-B)
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MPV  MVM
multiplex PCR 153 bp a-actin

(Figure 8-A, 8-B)

43.1 MPV/MVM/Actin Multiplex PCR assay

MPV/MVM/Actin

Multiplex PCR Assay 7 174
DNA multiplex PCR 20
366 bp MPV DNA MVM
(465 bp) DNA 153 bp  actin DNA
DNA (Figure 9)
DNA MPV/MVM-free

153 bp actin DNA 100 copies MPV MVM

366 bp MPV DNA 465bp MVM
DNA 153 bp  actin DNA multiplex PCR MPV
MVM  DNA (Figure 9)
3 42.86%
F1 100% F4 147% F5 10% (Table 5) F5
Clean conventional Conventional
ICR 8-16 MPV 11.5%

MVM (Table 6)
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4.3.2 MPV/MVM/Actin Multiplex PCR Assay

MPV/MVM
16 multiplex PCR
1 MPV DNA (366 bp) (Figure 10) 15
MPV (366 bp)  MVM DNA (465 bp)
a-actin DNA (153 bp) no template DNA

MPV/MVM-free

153 bp  actin DNA 100 copies MPV ~ MVM

366 bp MPV DNA 465 bp MVM DNA
a-actin DNA (Figure 10) Raw cell
400~500 bp
4.3.3 DNA
MPV/MVM/Actin Multiplex PCR Assay
MPV MPV
MPV PCR
MPV-1a ( )
MPV-1a 4040 — 4270 MPV-1f
9-15 NCBI Genebank

MPV-2  MPV-1f
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Parvovirus

MPV  MVM
ELISA
3-4
DNA
MPV/MVM/Actin Multiplex PCR Assay MPV  MVM

housekeeping gene

multiplex PCR assay
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MPV/MVM

5.1.1 PCR
MPV MVM
( ) (Jacoby et al., 1996)
parvovirus
(positive colonies) 6-8
PCR MPV 100%
74% MVM 63%
34% parvovirus
MPV  MVM
MPV 5-11
90-100% 13
60% 15 20% 19 0%
MVM PCR 5
70% 11 10% 13
DNA 35
MPV 90% MVM  80%

40



7-9 (Bauer and Riley, 2006; Jacoby et al.,
1995Db)

germ free mouse

PCR MPV  MVM parvovirus

2
parvovirus (Bauer and

Riley, 2006; Jacoby et al., 1995b)

5.1.2 Multiplex PCR assay

MPV MVM a-actin
MPV MVM MPV
a-actin DNA actin
MPV MVM DNA
a-actin PCR MPV/MVM-free

actin

5.1.3

mouse parvoviruses MPV ~ MVM
MPV-Specific  MVM-Specific PCR assays
MPV MVM rodent
parvoviruses PCR 5

MPV 10 MVM DNA
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MPV/MVM/Actin Multiplex PCR Assay

MPV  MVM actin - DNA
DNA
MPV/MVM/Actin Multiplex PCR Assay DNA rodent
parvovirus MPV  MVM
actin - DNA rodent parvoviruses

50 MPV MVM

MPV  MVM
MPV/MVM/Actin Multiplex PCR Assay 100
(10* copies 10 copies) MPV  10*
copies 50 copies MVM DNA(Figure 8A)
MVM  10* copies 50 copies MPV DNA (Figure
8B) 1000
MPV
MVM 200
(border
line) MPV  MVM Specific PCR Assay
MPV  MVM PCR MVM
Chang 1997 MVM PCR assay
10 copies DNA (Chang, et al., 1997) MPV Besselsen
1995 MPV PCR assay 10 pg MPV
(Besselsen, et al., 1995) MVM/MPV/Actin Multiplex PCR

Assay MVM MPV
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MPV  MVM housekeeping gene

DNA DNA
PCR
MPV  MVM
ELISA
(Besselsen et al.,
2000)
DNA
521 MPV  MVM
Charles River 2009 (
) MPV 1.86% MVM  0.33% (Pritchett-Corning
et al., 2009) 2009
MNYV  helicobacters
MPV 11.7%
MVM (Liang et al., 2009) MPV/MVM/Actin

Multiplex PCR Assay
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174 174 MPV
11.5% MVM
multiplex PCR
MPV 9
(Jacoby et al., 1995) MPV
conventional MPV
MVM
MPV MVM 0%
MVM 1966 1993 MPV
MVM MVM
MVM-free
MVM 34
MVM
(self -limiting) (Smith et al., 1983) MPV
MPV MVM MPV
9
MPV MVM
52.2
PCR DNA
230 bp

MPV-1  MPV-2

MPV
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MPV-1f 9-15

5.2.3 MPV/MVM/Actin Multiplex PCR Assay MPV confirmatory
single PCR assay MVM confirmatory single PCR assay

MPV and MVM confirmatory
single PCR assays
MPV/MVM/Actin Multiplex PCR Assay

MPV/MVM/Actin Multiplex PCR Assay

(Table 7)
MPV  MVM
MPV MVM
(FDA)
(MAP) MAP
MAP
( MPV  MVM) PCR (Blank et al., 2004; Bootz et al., 2003)

DNA
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DNA

MPV  MVM
PCR
1.25 gtotal DNA
Raw cell DNA 400~500 bp
(Figure 10) MVM MVM Specific PCR Assay
DNA DNA
MPV  MVM
PCR
(MAP test)
PCR
4-6
PCR
(e.g. 10% bleach)
10 % bleach 10

SPFE clean conventional conventional

(mouse colony)
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MPV MVM actin  DNA
MPV  MVM

MPV 5-10

MPV  MVM

MPV/MVM/Actin Multiplex
PCR Assay

MPV  MVM

MPV  MVM

MPV/MVM/Actin Multiplex PCR Assay co-infection
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co-infection
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Table 1 Oligonucleotide primers used for MPV and MVVM VP gene amplification

Product  Thermocycling

Primers Primer sequence (5°-3) size Profile
MPV 2219bp 98 for 30s,
VPF CTTGACCAAGGAGAACCAAC (98 for 10s,
VPR CATATTATTCTATTTCTTAAATCTAT 62 for 15s,
MVM 1800bp 72 for 90s) x
VP2F ACCATGAGTGATGGCACCAG 35 cycles, 72
VP2R GTTAGTAAGTATTTCTAGCAACA for 10min, 4
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Table 2 Oligonucleotide primers used for MPV Specific and MVM Specific PCR

assays
) ) Product  Thermocycling
Primers Primer sequence (5°-3) . .
size profile
MPV 366bp 95 for1min
4107F  CATGACGCCAATGGCAGCCTAA (95  for 30s,
4388R  CTTGCAAACAAAGGGAGCTTGT 56  for 30s,
MVM 465bp 72  for 30s) x
3163F CAATACAACAGACACATCAGTCAA 35 cycles, then
3627R  CCTTTTGGTGTTCCCATCACATT 4  forever
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Table 3 Information of mouse samples in the surveillance of MPV/MVM

Identity Facility code No. Age (week) Facility
classification
Case 1 F1 A 12 ct
B 16 C
C 16 C
Case 2 F2 A-D 8-10 CC?
E-I 8-10 CcC
Case 3 F3 A-E >10 C
Case 4 F2 A-N 8-10 CcC
@) 8-10 cC
Case 5 F4 A-F 8 C
G,H,J,K 6-8 C
I 6-8 C
L-U 8 C
Case 6 F4 A-J 8 C
K-O 8 SPF?
Case 7 F5 A-E 8 SPF
F-G 8 cC
Case 8 F4 A-M 7 SPF
Case 9 F4 1-25 Unknown Unknown
Case 10 F4 1-24 7 Unknown
26-30 15-16 Unknown
Case 11 F4 A 6 Unknown
B-F 6 Unknown
Case 12 F6 2-5 Unknown CcC
6-11 12 CcC
12-14 20 cC
15-17 12 CcC
18,20-23 20 cC
Case 13 F7 A-B 43 C
Case 14 F5 A-C 15 CcC

Conventional
“Clean conventional
*Barrier, Specific-pathogen free mice
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Table 4 Information of cell cultures used in the surveillance of MPV/MVM

Cell name Origin

BHK-21 cell Baby hamster kidney

NB324K cell SV-40 transformed cell line

Raw cell Mouse macrophage

SPLC Mouse spleen cell (primary culture)
EPC Epithelioma papulosum cyprini
KF1 Koi fin cell

CcCB Common carp brain cell

PCKF Koi fin cell (primary culture)

TKF Koi fin cell

High Five™ insect cell
DF1 cell

Huh7 cell

293Acell

B95a cell

MDCK cell

Pk-15 cell

Insect cell

Chicken fibroblast

Human hepatoma tumor cell
primary human embryonic cell
marmoset B lymphocytes
Canine kidney cell

Swine kidney cell
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Table 5 Detection rate of laboratory facilities by MPV/MVM/Actin Multiplex PCR
Assay

Faciliy s PP MPV MVM
F1 100% (3/3) 0% (0/3)
F2 0% (0/24) 0% (0/24)
F3 0% (0/5) 0% (0/5)
F4 14.7% (16/109) 0% (0/109)
F5 10% (1/10) 0% (0/10)
F6 0% (0/21) 0% (0/21)
F7 0% (0/2) 0% (0/2)

Detection rate of MPV and MVM in mouse facility = positive animals/animals
screened in facility
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Table 6 Detection rate of laboratory mice by MPV/MVM/Actin Multiplex PCR
Assay

Resull__—— 00" MPV MVM
Positive mouse 20 0
Negative mouse 154 174
Total 174 174
Detection rate? 11.5% (20/174) 0% (0/174)

Detection rate of MPV and MVM in laboratory mice = positive animal number/total
animal number
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Table 7 The consistency of MPV/MVM/Actin Multiplex PCR Assay and MPV and
MVM confirmatory single PCR assays in surveillance of laboratory mice

PCR assay MPV and MVVM confirmatory  MPV/MVM/Actin Multiplex

Result single PCR assays PCR Assay
MPV positive 20/174 20/174
MVM positive 0/174 0/174
Consistency 100%
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MPV  MVM

VP2

MPV/MVM Specific PCR Assays

MPV/MVM/Actin Multiplex PCR
Assay

MPV/MVM/Actin Multiplex PCR
Assay

Figure 1 Flow chart of experimental design
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Figure 2 Specificity of the MPV Specific PCR Assay. MW: molecular weight
marker. N: no template control. T: the MPV/MVM-negative tissue control. MPV: 10
copies of mouse parvovirus VP DNA mixed with parvovirus-negative tissue DNA.
MVM: 10° copies of minute virus of mice VP DNA mixed with parvovirus-negative
tissue DNA. KRV: 10° copies of Kilham rat virus VP DNA mixed with
parvovirus-negative tissue DNA. RMV: 10° copies of rat minute virus type 1 VP
DNA mixed with parvovirus-negative tissue DNA. RPV: 10° copies of rat parvovirus
type 1c VP DNA mixed with parvovirus-negative tissue DNA. H1: 10° copies of
Toolan’s H-1 virus VP DNA mixed with parvovirus-negative tissue DNA.
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Figure 3 Specificity of the MVM Specific PCR Assay. MW: molecular weight
marker. N: no template control. T: the MPV/MVM-negative tissue control. MPV: 10
copies of mouse parvovirus VP DNA mixed with parvovirus-negative tissue DNA.
MVM: 10° copies of minute virus of mice VP DNA mixed with parvovirus-negative
tissue DNA. KRV: 10° copies of Kilham rat virus VP DNA mixed with
parvovirus-negative tissue DNA. RMV: 10° copies of rat minute virus type 1 VP
DNA mixed with to parvovirus-negative tissue DNA. RPV: 10° copies of rat
parvovirus type 1c VP DNA mixed with parvovirus-negative tissue DNA. H1: 10°
copies of Toolan’s H-1 virus VP DNA mixed with parvovirus-negative tissue DNA.
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Figure 4 Sensitivity of the MPV Specific PCR Assay. Serial dilution of MPV VP
DNA was mixed with MPV/MVM-negative tissue DNA. MW: molecular weight
marker. N: no template control. T: the MPV/MVM-negative tissue control.
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MW N T 10310250 10 5 1

100-

Figure 5 Sensitivity of the MVM specific PCR assay. Serial dilutions of MVM VP
DNA mixed with MPV/MVM-negative tissue DNA. MW: molecular weight marker.
N: no template control. T: the MPV/MVM-negative tissue control.
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Figure 6  Specificity of the MPV/MVM/Actin Multiplex PCR Assay. MW:
molecular weight marker. N: no template control. T: the MPVV/MVM-negative tissue
control. MPV: 107 copies mouse parvovirus VP DNA mixed with parvovirus-negative
tissue DNA. MVM: 10° copies minute virus of mice VP DNA mixed with
parvovirus-negative tissue DNA. KRV: 10° copies Kilham rat virus VP DNA mixed
with parvovirus-negative tissue DNA. RMV: 10° copies rat minute virus type 1 VP
DNA mixed with parvovirus-negative tissue DNA. RPV: 10° copies rat parvovirus
type 1c VP DNA mixed with parvovirus-negative tissue DNA. H1: 10° copies
Toolan’s H-1 virus VP DNA mixed with parvovirus-negative tissue DNA.
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Figure 7  Sensitivity of the MPV/MVM/Actin Multiplex PCR Assay. Serial dilution
of MPV and MVM VP DNA mixed with MPV/MVM-negative tissue DNA. MW:
molecular weight marker. N: no template control. T: the MPV/MVM-negative tissue
control.
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Figure 8 Detection of different combination of MPV and MVM by the
MPV/MVM/Actin Multiplex PCR Assay. (A) 10* copies of MPV VP DNA mixed
with 104, 10%, 10% 50, 10 copies of MVM VP DNA. (B) 10* copies of MVM VP DNA
mixed with 10*, 10° 10% 50, 10 copies of MPV VP DNA. MW: molecular weight
marker. N: no template control. T: the MPV/MVM-negative tissue control.

63



MW NT 1 2 3 4 5 6 P

bp
500-

& MVM (465 bp)

300- &< MPV (366 bp)

& Actin (153 bp)
100-

Figure 9 Detection of MPV and MVM in laboratory mice by MPV/MVM/Actin
Multiplex PCR Assay. MW: molecular weight marker. N: no template control. T: the
MPV/MVM-negative tissue control. 1-6: the tissue DNA extracted from the spleen
samples of 6 different mice. P: 100 copies of MPV and MVM VP DNA mixed with
MPV/MVM-negative tissue DNA.
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Figure 10 Detection of MPV and MVM in different cell cultures and cell lines by
MPV/MVM/Actin Multiplex PCR Assay. MW: molecular weight marker. N: no
template control. C: the MPV/MVM-negative A9 cell control. 1: the NB324K cell
DNA extract. 2: the SPLC cell DNA extract. 3: the Raw cell DNA extract. 4: the
BHK-21 cell DNA extract. P: 100 copies of MPV and MVM VP DNA mixed with
MPV/MVM-negative cellular DNA.
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