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Development of TagMan Probe Real-Time RT-PCR for Quantitative Detection of Porcine Transmissible Gastroenteritis
Virus During the Manufacture of Biopharmaceuticals
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Biopharmaceuticals and the cell substrates used for their manufacture are currently tested for porcine adventitious viruses due
to the widespread use of porcine trypsin in cell culture. Porcine transmissible gastroenteritis virus (PTGV) is one of the major
adventitious porcine viruses causing contaminated during the manufacture of biopharmaceuticals. Therefore, rapid and sensi-
tive detection of PTGV is essential in ensuring the safety of biopharmaceuticals. A TagMan probe real-time RT-PCR method
was developed for the quantitative detection of PTGV contamination in cell substrates, raw materials, manufacturing pro-
cesses, and final products, as well as PTGV clearance validation. Specific primers for the amplification of PTGV RNA were
selected, and PTGV RNA was quantified by use of a specific TagMan probe. Specificity, limit of detection (LOD), and robust-
ness of the method was validated according to international guidelines on the validation of nucleic acid amplification tests. The
sensitivity of the assay was calculated to be 1.10 x 10° TCIDsg/ml. The real-time RT-PCR method was validated to be repro-
ducible, very specific to PTGV, and robust. The established real-time RT-PCR assay was successfully applied to the validation
of Chinese Hamster Ovary (CHO)-K1 cells artificially infected with PTGV.

Keywords: Porcine transmissible gastroenteritis virus, contamination, TagMan probe real-time RT-PCR, biopharmaceuticals,
cell culture, validation
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EE AEZF DA AR et 9REY HHT A
8 9 HAL =4, AZF WA E= £ 7Hs YA HEol
2o gt AlA 4 B3 3] x3E HF5HE £ A
A FHOo R ooFEo Ak A, BA 34 F HAT &
A &9 7He3t vho|HAF9] HAL

e vholg A 8 0 HUL A EZujgFS sl AHESH
© & frdll @3 HA [ trypsino|TH18]. vl=T F1
9] 7te|EgRloA = HEYFE BAHE vhAEH AE2F
(Master Cell Bank)ol|A] 4 & @02 HE 2go] 715
(BVDV), Bovine
adenovirus type 5 (BAV5), Bovine parvovirus (BPV),

%t Bovine viral diarrhoea virus

Bluetongue virus (BTV), Bovine respiratory syncytial
virus (BRSV), Bovine rabies virus (BRV), Reovirus type
3 (REO-3), Bovine Parainfluenza type 3 virus (BPIV-3)
o} Z& 4 Bol wholg s AR APE FHFES 52
9lth. E3F Porcine parvovirus (PPV), Porcine adenovirus
(PAV), Porcine tansmissible
(PTGV), Porcine haemagglutinating encephalomyelitis
virus (PHEV) 2} 22 S %] £o]Z ¢l "fol A HE AP
SshEg ok SITH1s, 20],

PTGV Coronaviridae o) 43} &1 B & vio| A
(enveloped virus)= positive-sense single-stranded RNA
genomeS Zt Qlth PTGVE RE Ag 9 gix] oA G4
AW vholeay AW SUAZTH2AL FHIAY
(Fluorescent antibody test), ELISA (Enzyme-linked
immunosorbent assay) A|g%, PCR A|g¥ 5 PTGV A&
AR ggol gt A= AF7HA F2 HA Y Hiolg A
A ZAd ol f9lo] Hi= PTGV At E+= Porcine epidemic
diarrhea virus@}9] v w A& ¢Jaf 7= it 5, 12,
23, 26-29]. WEHA BEYoFF AT A HiolH 2 HE
AR o2 ARESL7] o= M7t oA = ©alo] Sl
2 dFoH = FEAZ Wt A BEYFFNA PTGV
S FES] A3l AT, dEEd, Ax3A, &A
FolA PTGVE AEs5taL, Al2F4 A PTGV A|A A5
= 3 AR B0l 7heet U=} Sol=7t
2%t TagMan probe real-time RT-PCR Al @ ¥ &3 3}
1A} 3ttt &3 H real-time PCR A P &8319 <
Ao 2 PTGVE Z¥A|Zl CHO (Chinese hamster
ovary) Al Zo| A PTGVE AF2 22 HEdto] Hpo]gf ¢F
A4 A% ARHene) B8 7HsRE BT,

gastroenteritis  virus

e % Y

PTGVe| HiY & E&
PTGV (ATCC VR-1740)9] v ¢t H &= $13 ST Al
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(ATCC CRL-1746)E A}&3l4th. ST A|EZE 10% Fetal
Bovine Serum (FBS: Hyclone, USA)S % 7}3t Dulbecco's
Minimun Eagle’s Medium (DMEM: Hyclone, USA) Hj X|
off uj st Tt T-150 flaske] WjFE &SA| o PTGVE
ZEAZ & F71H o2 AN EZHE I(cytopathic effect:
CPE)Z TS, CPEZF WujshA Bae o S25 o)
Wa4¢ 53] whaelo] ShE F 2,000 rpmolA 387 ¢
Slotel AEAE B F 0.45 um flter® 34T ThS

PTGVS] A2 918 24 Q= vholel e titers 50%
tissue culture infectious dose (TCIDsp)Z UEFUATH
PTGVE 2% FBSS #7}st DMEM HjX| 2 7Hj$= 345}
o] 24 well plateo]] HFE A3zl 0.25 m¥ HFsATH =
A2z AZujulAE 0.25 mI¥ HFESAT 1 &
35°C, 5% COq v 7104 vieFatHA 7|4 o2 HujF o
2 CPEE #&3i3ith

Primer2}t TagMan probe?| C|XIQ!

PTGV RS 5&3517] 98 A3t &2 L34 primer
A71 - EL NCBI data baseo] 2i1E PTGV complete
genome®] ORF 7 (Genbank no.: AJ271965.2)& 7|22
Primer Express 3.0 software (Applied biosystems)E ©|-&
3lo] &gt TagMan probe= primer2 Tt Tm
(melting 2%) gro] 8-10°C F= &A AR
TaqMan probe sequence 5' Yo = fluorescent reporter
dye?l 6-carboxy-fluorescein (FAM)< 3' Wttol|= quencher$l
Blak Hole Quencher 1 (BHQ-1)0] 2 =& 3}4T}.

TagMan probe real-time PCR A[&¥H Z[=3}

70°Ce] BT wholls vjoole AgolAl 21 ¥, RNA
£ 2g3t¢th. RNA £33 X NucleoSpin® RNA Virus
(MACHEREY-NAGEL, Germany)S A&3}o] A 2 A}of A
Alset Wil et AAIskT. Bhoj# A wjFel 150 ul=
FE ¥ 50 ule] RNAE &3ttt 8% RNAS 32
2 TOPscript™ ¢DNA Synthesis kit (Enzynomics,
Korea)E AME-3l9] cDNAE M3t &8 PTGV RNA
10 ul®} specific revers primer (10 pmol) 2 ulE &35
o} EFEL 70°Co A 587 A3 3, 10x TOPscript™
RT buffer 2 pl, TOPscript™ Reverse Transcriptase (200
units/ul) 1 wl, ANTP mixture (2 mM) 2 ul, RNase Inhibitor
(40 units/ul) 0.5 ul, RNase-free water 2.5 ul& 2 7}3sto]
2 F Fu 5 20 pl2 g ]Aeh 55°Col|l A 147 5¢F vk
AA cDNAE FAZ F 95°Col A 587 wSAZ .
PTGVY cDNAE %22 Applied biosystemsAl (USA)2
StepOnePlus Real-Time PCR sysyem= AME3}4] real-time



PCRE A3t

TagMan probe real-time PCR A|gH 9] & A4S &
F3}7] 3| annealing L9 MgCl, 5= @2 PCR
7z AL AAEH T Real-time PCR B892 TOPreal™
qPCR 2x PreMIX (TagMan probe, Enzynomics, Korea)
10 ul, 10 pmol forward primer 0.5 ul, 10 pmol reverse
primer 0.5 pl, 10 pmol probe 1 pl, PTGV cDNA 2 ulo|
F+E 32 /S 6 wE Hol F 20 Wk HA sl 3
A2 Z 2 pre-incubationS 95°Co| A 28, denaturation
95°Co]| A 5%, annealing2 30%(annealing 2% A 3=
A3} 54°C, 56°C, 58°C, 60°Cof| A real-time PCR $~3) &2
stol 45 cyclesr 35t ATh 2 A MgCl, =& 274517
A5 A 3}E annealing 2= 60°Col|A MgCl,E 3 mMoj|
A 5 mM7HA] "B A H7F8E PTGV cDNA 5= o2
threshold cycle Zt& H|23}$ T}

TiterS &4t A} 5l A RET} 3 titer7} 1.10 x 10*
TCID5¢/ml¢] PTGVE $x& 22 1.10 x 10! TCIDso/ml7t
2] 1081% 343t & real-time RT-PCRS 433l A
e #EIAE AT AR ol E08l& PTGV
RNAS| & B2 Aol tfelatel Aaoigich 2R
PTGVY F=o] w&} real-time PCRO| 93 HAEH=
threshold cycle (Ct) gt-& TCIDso equivalent/mlZ 72 33}
o] 233} TH15]. Threshold cycle2 PCR cycle®] exponential
phase® E97}= cycle 8 UERAT

Real-time PCRQ| AZ|M AHS

32" PTGV real-time PCR ZAESAIEHY
(reliability)& 2 F5t7] s SHE AFHY
(specificity), ZZ&3H (detection limit), &7 A (robustness)
& 7%51%}. Real-time PCR P3-& Al EoJobEerd A o]
WYiSZAA AF 7hol=2kele] whek AAISHTH13].

Eol4 AZEE Y3l Bovine herpesvirus type 1 (BHV,
ATCC VR-188), Bovine viral diarrhea virus (BVDV,
ATCC VR-534), Bovine parainfluenza 3 virus (BPIV-3,
ATCC VR-281), Hepatitis A virus (HAV, ATCC VR-
1402), Mimute virus of mice (MVM, ATCC VR-1346), Porcine
epidemic diarrhea virus (PEDV, KVCC-VR0000188), Porcine
parvovirus (PPV, ATCC VR-742), Porcine rotavirus (PRoV,
KVCC-VR0000176), Pseudorabies virus (PRV, ATCC
VR-00129), Reovirus 3 (Reo-3, ATCC VR-824)°] gt
cross-reactivityS S A3t H Tt Ao AF&3t Hio] g A9
titer= Z}Z}F 7.76 x 108 TCIDs¢/ml, 7.44 x 10® TCID5¢/ml,
6.07x 107 TCIDso/ml, 7.44x10° TCIDsp/ml, 7.34 X 108
TCIDsp/ml, 8.08 x 108 TCIDs¢/ml, 8.08 x 108 TCID5¢/ml,
1.33x10° TCIDs¢/ml, 5.33 x 10° TCIDs¢/ml, 6.60 x 107

SER
Eo]4
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TCID;s¢/mle] 1Tt &4 o) 22 2= phosphate buffered
saline (PBS)& AH&-3}%ith.

AEA % A5 30 Titer7F 1.10 x 10* TCID;5p/ml3]
PTGVE 108]# &x14 22 1.10 X 10° TCID5¢/ml7}A] 3]4]
T HES SHHOE Fuste 2 34 w4 o 83 4
A Z 243 HEAFS AN & 243] A F 233
ol FA ol U2 =& AESIAR AASA. & Al
Y ANE BEUE g % 2E2FAE AL PTGV
log titer (logip TCIDso/ml; x)ofl ThEE Ct Zh(y) 7He] = 3
AT AHASE Foch 2HAS 30l 0.99 o4kl A
2 Ha4o] gloha ey,

A ZAE 2283t primerd] W2 real-time PCR ¥ 9] ¢
AL AZ3517] 938 PTGVE 1.10 x 10* TCID5o/ml¥ ¥
1.10 x 10° TCIDs¢/ml17HA] 108]% =212 02 3] 43 &
329 primer A Z3A7} A 23 primerE 33|29 real-time
PCRE AAIS & H4 Ct gk v skt MgClLe 5%
o] WE real-time PCR A|EH 9] A4 AZL AZ3d17] 9
3] PTGVE 1.10 x 10* TCID5¢/mI5-E 1.10 x 10° TCID5¢/
ml7}A] 1084 +AHog 4% & MgChY T=&
3mM, 4 mM, 5 mMZ HIIAAA 339 real-time PCRS
AAE & G Ct e w2k

CHO MIZZFO0f|A real-time PCRES 0|&8t PTGV A=

Y4 real-time PCRE FEGFE A23H HAFol &
$ 5 A=A sty Hste] AYHLZ PTGVE &4
A7l CHO-K1 (ATCC CCL-61) A|EFo|A PTGV HZ A
3S AA 4t CHO-K1 NJZE 10% £8H L H713t
Roswell Park Memorial Institute medium (RPMI-1640;
Gibco BRL, USA) H]#] o] 1X Antibiotic Antimycotic Solution
(Hyclone, USA)E H7}sle] w3ttt T-25 flasko] i ¥
" CHO-K19] PTGVE ZAEAIZ ¥ 2¢ F2 vjFstaict.
AZ & AARL F AIZ oo gobels 4 Gl
PTGVE &4 3] A A3t7] 43l phosphate buffered saline
o odl N H3 S CHO-K1E 23] At wjkstgict. z+
A Wk Al @u]F o2 CHO-K19 Zoke st 5 A
27t 2FE AZ B FHE AR ZHE real-time
PCR ¥ o]-&35to A|Z uj g o] PTGVZ} A 3t=4]
o B2 g015}¢ith. Real-time PCR %A TRFO2E titer
7} 1.10 x 102 TCID5¢/ml¢l PTGVE AHg3tgom, 4 o
202 H HEE CHO A2 vjFd& ARE3HS T
eET U
Primer?} Probe M

Az g 5 £ 73 A Hhol# 29 PTGV= Al
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Table 1. Primers and a TagMan probe used in this study (5' to 3') based on 10 sets of conserved nucleotide sequences of different

PTGV strains from the NCBI Genbank database.

. . Forward primer Reverse primer Probe
TGEV Strain Source TAATGTAAGGCAACCCGATGTCT AGCATTGCCAAATCAAATCTAAACT FAM CATCGCGCTGTCTACTCTTGTACAGAATGG BHQ1
Purdue AJ2719652  TAATGTAAGGCAACCCGATGTCT AGCATTGCCAAATCAAATCTAAACT CATCGCGCTGTCTACTCTTGTACAGAATGG
SC-Y DQ443743.1  TAATGTAAGGCAACCCGATGTCT AGCATTGCCAAATCAAATCTAAACT CATCGCGCTGTCTACTCTTGTACAGAATGG
TS DQ201447.1  TAATGTAAGGCAACCCGATGTCT AGCATTGCCAAATCAAATCTAAACT CATCGCGCTGTCTACTCTTGTACAGAATGG
WH-1 HQ462571.1  TAATGTAAGGCAACCCGATGTCT AGCATTGCCAAATCAAATCTAAACT CATCGCGCTGTCTACTCTTGTACAGAATGG
H16 FJ755618.2  TAATGTAAGGCAACCCGATGTCT AGCATTGCCAAATCAAATCTAAACT CATCGCGCTGTCTACTCTTGTACAGAATGG
Attenuated H ~ EU0742182 TAATGTAAGGCAACCCGATGTCT AGCATTGCCAAATCAAATCTAAACT CATCGCGCTGTCTACTCTTGTACAGAATGG

Virulent Purdue DQ811789.2

M60 DQ811786.2
M6 DQ811785.1

TAATGTAAGGCAACCCGATGTCT AGCATTGCCAAATCAAATCTAAACT
P115 DQ8117788.1 TAATGTAAGGCAACCCGATGTCT AGCATTGCCAAATCAAATCTAAACT
TAATGTAAGGCAACCCGATGTCT AGCATTGCCAAATCAAATCTAAACT
TAATGTAAGGCAACCCGATGTCT AGCATTGCCAAATAAAATCTAAACT

CATCGCGCTGTCTACTCTTGTACAGAATGG
CATCGCGCTGTCTACTCTTGTACAGAATGG
CATCGCGCTGTCTACTCTTGTACAGAATGG
CATCGCGCTGTCTACTCTTGTACAGAATGG

Expected amplicon size is 154 bp.
*GenBank number

—

Z ek A AEYEY A Hal sy shte
02 PTGVY @ o5& UHES} Sol=rt L3
H Ao R FRlstofopgt gitt. vlol A @ Q- WA|st
7] $1% ICH 7Fo] E2hl(QhA)E €& 2 o 75 HA
staL, Al zFAolA HolH A AA 82 B7kstr] $1st
U=t Bol=rt S48 HSH AFHH S AL ES
B8t ATHS8]. Real-time PCR W& AH&-ste] £7 vt
oo s EA4S THelsha, HHAT] SaHAL vole A
Woll A 44 <1 #ol7 A38tA] %2 conserved sequences
7HA B9 E A stofof gttt AEE sequence= £4 Bt
o|g 2oqt EAsto] FoliJo] Folof qhrt. T3 AHELJF
9 dE5Ed, 38 FUEE, JTAE ol vFeE &
22 & e HolH A HES A A% PCRY A =2
=7 @ 7=, 15].

t}oFst PTGV straing 25 AE317] 93 NCBI data
based] E1H PTGV §AA 47|44 alignmentE Z3f
conserved sequenceS 7} F ¢l ORF 7 §3A &
7122 primerE T8¢ tH(Table 1). Purdue strain
(GenBank number AJ271965.2)9] sequences 7|22 &
o] primer 2] nucleotide positionS 280,300-28,453°. 2
amplicon 2 7]+ 154 bpo|t}. PTGV FAHAE AA7te 2
H&517] Y13 TagMan prober= PTGV 32 G714 &
alignmentZ £ 3] mismatch7} ¢l HES Adslo tz}
213} H th(Table 1). PCR AFHE2 sequencingdt & blast
searching (http:/blast.ncbi.nlm.nih.gov/blast.cgi) 3t 21}
PCR AFE o] PTGV 24912 ST % AATHAR o
AAD.

=
©

TagMan probe real—-time RT—PCR Z|&3}
TOPreal™ qPCR 2x PreMIXE A}£3}o] real-time
PCR 24E &3ttt Titer7} 1.10 x 10* TCIDs¢/mlof Al
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Fig. 1. Amplification plots obtained with 10-fold serial dilu-
tions of PTGV (A) and the standard curves obtained by the
regression analysis of crossing point values versus initial
PTGV titer (B). 0, 1.10 x 10° TCIDse/ml; m, 1.10 x 10> TCIDso/ml;
0, 1.10x 10 TCIDsy/ml; ®, 1.10x 10" TCIDsy/ml; <, 1.10x 10°
TCIDsg/ml; ¢, 1.10x10° TCIDsg/ml; A, Negative control.

1.10 x 10" TCIDso/ml7HA] 10844 $=218 02 3|45 PTGV
£ AEZ 3}9 annealing temperatureS 54°C, 56°C,
58°C, 60°CE W 3}A| 7] real-time PCRE 483142 o
60°Coll A Ct gkol 7H% WA Yett 60°C7F ¥4 2=4&



& 5 AT E=E " AA).

A oA MgCl, =& WH3tAA PCR 24& X3
3}tk Titer7} 1.10x 10* TCIDsy/mlol A 1.10 x 10!
TCIDsy/ml7tA] 1084 &x}F o2 3|43 PTGVE A|22
3t MgCly, ¥=& 3 mMoA 7 mMZ WHIIA A7 real-
time PCR& 4333} 3= MgCly 5= =& Ct gk *}ol7}
UERA] ot 22 MegClL =& 3 mM2 248 AT
= 1A A)).

A3} 2A0) A Titer7} 1.10 x 10* TCIDs¢/ml¢] PTGVE
1.10 x 10! TCIDso/ml7}A] 108j%] &2Z o2 3A3 &
real-time PCRE 433} th(Fig. 1A). PTGV log titer
(Logio TCIDsp/ml; x)ofl T3t Ct Fh(y) 7+ EE A S
T3t A} y=-3.474x + 40.325 (R?=0.995) 2 }E} PTGV
log titer®} Ct gk 7+9] 3]/ o] wj-¢ =oF FF &4 0] 7}

5o YA SIS ATFig. 1B).

TagMan probe real—-time PCRe| AM2|M ZH=

24 real-time PCR A FHS AZF, YaEH, A=
574, GAEANA PTGV ASAIAHLE AHE8L7] 98f Al
3 o] Eo|Al(specificity), 7 Z 34| (detection limit), &7
A (robustness)S AE3FE T

AFZHA 9] Bol 2 Al tdENA B ik
AestA HEE 5 e FYolth 5ol HAFS Sl o
£ RNA H}o]H 2 (BVDV, BPIV-3, HAV, PEDV, Reo-3,
PRoV)2} DNA H}o| 2 A(BHV, MVM, PPV PRV)E tjA}o.
2 cross-activityS €215t 2 7} PTGVo|| At fluorescence
2ol 2718 B 4 YL, BE vl rolAE LAY
27}t 0] fluorescence #He] $7H8 TS 4= YISt (Fis.
2). o]} -2 Adto A FHH real-time PCR -2 PTGV
of Sol&l AEH AL gelstqict.

AETA A5E Y3l Titer7h 1.10 x 10* TCID5¢/ml2!
PTGVE 108j% ¢x}4 22 1.10 X 10° TCIDsy/ml7}A] 3]4
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T IS SHH R 2[5t 7 34 w4 o 83 2
A & 243 HEAEE HAIS I
A F 95%7F FAH2

titerS 2|u|5}7] WiEof 243] Al S
e %91 1.10x 10
AR A ).

SRS ALY 5

2 HAEHE W S

f
2

o

ﬂllo O{N

>
=
@]
—
)
ot

L
E.

8 7o) ametE EHO
Ao} g wAlo] ot 4
Aoz HAY O Al zof gt
A Fo|th, A|ZIAE ZEdt primero] WE real-time PCR
WH Y S AS67] Hdl 33 primer A X 3| AL}
A %3t primerS 8|3} Titer7} 1.10 x 10* TCID5/ml

4.0
3.5
3.0
2.5
2.0
1.5
1.0
0.5
0.0

Fluorescence

2 6

10 14 18 22 26 30 34 38
Cycle number

Fig. 2. Specificity of TagMan probe real-time RT-PCR assay to
potential cross-reactive viruses. Amplification plots were
obtained with cross-reactive viruses using the real-time RT-
PCR. O, Porcine transmissible gastroenteritis virus; B, Bovine
herpesvirus type 1; O, Bovine viral diarrhea virus; @, Bovine para-
influenza virus type 3; <, Hepatitis A virus; ¢, Minute virus of
mice; >, Porcine epidemic diarrhea virus; », Porcine parvovirus;
V, Porcine rotavirus; ¥, Porcine pseudorabies virus; , A Reovirus
type 3; A, Negative control.

Table 2. Robustness of real-time PCR (Effect of primer sets made by different vendors).

PTGV Ct values Mean of SD of CV
(TCIDso/ml) Vendor A Vendor B Vendor C Ct Ct (%)
1.10 x 10 2546 2508 2503 2539 2531 2533 2565 2523 2497 2527 021 0.82
1.10 x 10° 28.71 2858 2860 28.76 2879 2877 27.76 27.78 27.70 2838 046 1.61
1.10 x 102 3224 3195 3209 3254 3236 3223 3202 3212 3194 3217 019 0.58
1.10x 10 35.09 3528 3578 3569 3563 3585 3556 3518 3553 3551 025 0.71
1.10 x 10° 37.27 3787 3922 3911 3791 3811 3827 3764 3805 3816 060 1.58

Negative Control N/A N/A N/A N/A N/A N/A N/A N/A N/A - - -

Three independent 10-fold dilution series of PTGV were tested using different primer sets made by different vendors for real-
time PCR. Mean and standard deviation (SD) of Ct were calculated.
CV (%): Coefficient of variance % = (SD of Ct/Mean of Ct) x 100

*N/A, Not Applicable; real-time PCR signals were not detected.
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Table 3. Robustness of real-time PCR (Effect of different MgCl, concentrations).

PTGV Ct values Mean of SD of CV
(TCIDso/ml) 3 mM 4 mM 5 mM Ct Ct (%)
1.10x 10* 2476 2450 2462 2455 2474 2466 2456 2505 2476 2469 0.16 0.63
1.10x10° 2830 2830 2797 2820 2818 2812 2813 2802 2831 2817 0.12 0.41
1.10x 102 31.71 3194 3154 3189 3167 3187 3146 3161 3129 3166 020 0.64
1.10x 10' 3589 3550 3573 3576 3557 3599 3538 36.05 3567 3573 021 059
1.10x 10° 3961 3886 3742 3891 3823 NA N/A 3873 3858 3862 062 162

Negative Control N/A  38.76  N/A N/A N/A N/A NA  NA NA

Three independent 10-fold dilution series of PTGV were tested using different concentrations of MgCl, for real-time PCR.

Mean and standard deviation (SD) of Ct were calculated.

CV(%): Coefficient of variance % = (SD of Ct/Mean of Ct) x 100
*N/A, Not Applicable; real-time PCR signals were not detected.

¢l PTGVE 108j& 4218 22 1.10 x 10° TCIDsy/ml7}HA]
3 Ast & primer B2 339 real-time PCRE AA|gH &
B+t Ct L= v L5}k th(Table 2). Ct gholl Tt CV(%) %k
2 0.82, 1.61, 0.58, 0.71, 1.582 &¢I 9t}. Real-time PCR
o] &4 HFA CV(%)7F 3% olsto] &z do] ot
I BetH9]. A2 E AR 3ALY primero] A Ct g9
CV(%)7} 3% ©]st&2 Yett ko] Q&S Selstsitt.
MgCl;, &%= ¥3to] w2 4A4E H53H7] ¢80 Titer
7} 1.10x 10* TCIDsy/ml¢l PTGVE 108 &ax o=
1.10 x 10° TCIDso/ml7}A] 3] 43t & MgCly, ¥ =5 3 mM,
4 mM, 5 mM=Z H3}A|A real-time PCRS AA|SH & HH
Ct < vwstgoh. Ct gheoll gt CV(%) g2 0.63, 0.41,
0.64, 0.59, 1.622 2= ¢ItH(Table 3). AP R A9 Hrof
A Ct £ W37t A9 AL, CV(%)7} 3% ©]st=2 UretLt
MgCl, 5x9] ®igto] gt SaAo] =S &t
29 4 real-time PCR A @& A2 4E AzxF Aol
A PTGV AA AFS A AFAFHLRE &-8o] 7H3t
A Zlstr] Yal PTGV A= ASA @Y A A5
ANEHLE AR o2 dof| PTGV EFA| 294 RNAS &
Z£3}11 real-time RT-PCRS £33t & Ct ZFS H| 2 8}ich
(Fig. 3). PTGV log titer (Logio TCIDse/ml; x)ofl Tt Ct
T 7o 2 AL AR $9 H$ y=-3.551x +
40.385 (AAASF R2=0.994), B4 4o A9 y=-3.425x +
39.540 (R2=0.999), A A 2o AL y=-3.214x + 38.760
[R?=0.995), UA| Eo] AL y=-3.511x + 40.540 R?=0.999),
Al Eo] AL y=-3.497x + 41.470 (R?=0.999), A4
9o] AL y=-3.377x + 39.410 (R*=0.999), UFA) 22| 7
© y=.3.214x + 38.760 (R2=0.995), A QA o AL y=
-3.257x +39.115 (R?=0.998)2 ¥ 3|H 42 AAA 1Y)
= B2F 099 o]Fe 2 et AEd8T ot} 3]/l
- e AT 5 ASATE o9 22 Ao A PTGV
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Fig. 3. Reproducibility and linearity of TagMan probe
real-time RT-PCR assay for quantitative detection of PTGV.
1 Day. y=-3.551x+40.385, R?=0.994; 2 Day. y=-3.425x +
30540, R2=0.999; 3 Day. y=-3.214x+38.760, R?>=0.995;
4Day. y=-3511x+40.540, R?=0.999; 5 Day. y=-3.497x +
41.470, R?=0.999; 6 Day. y =-3.377x + 39.410, R> = 0.999; 7 Day.
y=-3.214x+38.760, R?=0.995; 8 Day. y=-3.257x + 39.115,
R? =0.998.

AP AENTHOR Bgo| TS FAT 4 Ugich

PTGV7} Y= CHO M=ZF0IM TagMan probe real—
time PCRZ O|8& PTGV &E

825 TagMan probe real-time PCRS AE2JoFE A%
380 A8 = A sh] ste] IF g PTGV
£ 24AIZl CHO-K1 A|Z30 A PTGV A& Al AAl
Sttt T-25 flasko] vj9FE CHO-K1 AJ3Eo]| PTGVE <Y
HOoR 9 @A & T-25 flaskel] 3W 0|4} At wjeFateA
W FIE WA PTGVE 29A17|A] & CHO-K1
A EZ9] moK(Fig. 4A)7 PTGVE 297l CHO-K1 Al Z
9| Wk (Fig. 4By @v|F o2 BAT A} 20| o] Y
El 2] ¢Fol PTGV7} CHO-K1 A|Z o)A HeigasE
ERf A 322 15ttt CHO-K1 A7} :23HE A ZHj
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Fig. 4. Quantitative detection of PTGV in artificially infected
CHO-K1 cell line. (A) Morphology of CHO-K1 cell line not infected
with PTGV. (B) Morphology of CHO-K1 cell line infected with
PTGV. (C) Amplification plots of PTGV positive control ([J;
1.10x 107 TCIDs¢/ml), CHO-K1 cell line infected with PTGV (m),
and negative control (2).

okl 4 mlE 3|48t & RNAS Z&3511, & H real-time
PCRE &85t PTGVE A7 HAE3HAthFig. 4C). A&
wjoF o] A 1.1 x 10! TCID5g equivalent/ml PTGV7} A&
=it

2 A7E 539 U PTGV &L Y3t real-time RT-
PCR AlE & CHO-K1 A|ZF0]| A PTGV AEAF o] &
43192 o, PTGV £ g% CHO-K1 A|ZF7 HEA
S YOo7A = YgHA|TE, CHO-K1 Al ZujefHo] A PTGVE
aRFoZ HAET 4 Tt gt 2 AFE T &9
H real-time PCR Al @H2 5 EAZSF ASH BA35A 4
oA PTGV & AHE FAH e AFH HE2T 5 3
€ ST AEHIS FAT 5= At B EFE YA
34 % CHO A|Z3o| MVM, Reo-3, BPIV-37} £ 9% A}
7} l=4[18-20], MVM, Reo-3, BPIV-37} CHO A|EZF
of ¥ AIE Yt =X FRlst7] Yot AAH R
A A AZzHHaLE e ATH15, 17, 21]. shA|9
42 83 53 24 7153 BVDV, BPV, BHVE CHO A|
Zo AH R L HAZ] H¢ PTGV Zo] CHO Alx
Fol HHAALE Yo7 A= FSA|TE, CHO N2 v g
o A real-time PCRZ HZEQITH4, 14, 16]. o] &2 4

TagMan Probe Real-Time RT-PCR for PTGV Detection 273

e ABYFE AAE AZFA AZHARAL LA
SFeth 1A Hholl2 9ol Yok AT 4 glrks A
]_

LY
7] HeiA = AZHHALS YeHH A &= vholglAE5Y
A& Ago] Zastrta HoE
Real-time PCRZ &-&3F vioj2|A A= A& Wy 2
EatEawn) P 22 Sl 2 YA Aol v
o] vpol A F Az FFs & 4= ¢17] 2ol BEY
OFE A 2FAA vlolH A AA HF AR Al HAG7HA
AL A HE&E = e 8% Brh7led ®yk ofyzt,
A7 E o2 £4T 4 gl Z2nETH Y N FF
ol A9 Hholg A kA AFol 8T 4 Sl AAT
Holoh11]. & A+E T3 &HE PTGV real-time RT-
PCR AIEHE AlZujF 2 A=Y ekE Ax 34004 PTGV
AEAE Bt opy g} vho|g A AA HF3 A2utE T T
AA Aol -83HA AHEE = 9 AR 7|ddr.

2 o

NEZFE ol&sto] itst= A2 oFFH} AHE A2+
< A=Z v 1Y Foll AHEH= HA {3l trypsine 2 £
B oA A A vrel# A7 2 dE TheAdol Ao
PTGV AZHiE fafl B=dE AT 292 +
A= YA vrolF A F9 shfolrt. B dFoAs A=Y
oFE AZ2FAAA PTGV HHAE SR st7] 93, A2,
a4, Ax33, dAFANA PTGVE AFH s HE
staL, AzFQNA PTGV AlIA A5S A AdRle= &
40| 713t TagMan probe real-time RT-PCR A|@H< &
Yotk PTGV E0]3 <l primer®} probed AlEs}o]
PTGV AFd & AW &gt AlZajge] g
HdS7het Bl et 23 real-time RT-PCRE &34 =
1.10 x 10° TCIDs¢/mlo| $ich. S AlFH o AEd & B
Fot7] Sl AR HES A A0 Soldat AHEA,
grgol S ZAsA &Y H real-time RT-PCR
= BEYUE AxTA AFol A8 = A=A FAs]
93te] 2A$F o2 PTGVE 2FAIZ CHO-K1 A Z 0| A
PTGV A& A @& AT PTGVE Z9A17] CHO-K1
Ao A Az ans 32 5 JAAA T, Az g
oA PTGVE Aoz A& 4+ U
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