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Porcine circovirus disease (PCVD) is a major problem of swine industry worldwide, and diagnosis of
PCV2, causal agent of PCVD, has been doing in clinical laboratories of pig disease by polymerase chain
reaction (PCR) methods. But the PCR analyses have a serious problem of misdiagnosis by con-
tamination of DNA, in particular, from carryover contamination with previously amplified DNA or ex-
tracted DNA from field samples. In this study, an uracil DNA glycosylase (UNG)-based direct PCR
(udPCR) without DNA extraction process and DNA carryover contamination was developed and eval-
uated on PCV2 culture and field pig samples. The sensitivity of the udPCR combined with dPCR and
uPCR was same or better than that of the commercial PCR (cPCR) kit (Median diagnostics, Korea)
on PCV2-positive serum, lymph node and lung samples of the pigs. In addition, the udPCR method
confirmed to have a preventing ability of mis-amplification by contamination of pre-amplified PCV2
DNA from previous udPCR. In clinical application, 170 pig samples (86 tissues and 84 serum) were
analysed by cPCR kit and resulted in 37% (63/170) of positive reaction, while the udPCR was able
to detect the PCV2 DNA in 45.3% (77/170) with higher sensitivity than cPCR. In conclusion, the
udPCR developed in the study is a time, labor and cost saving method for the detection of PCV2 and
providing a preventing effect for DNA carryover contamination that can occurred in PCR process.
Therefore, the udPCR assay could be an useful alternative method for the diagnosis of PCV2 in the
swine disease diagnostic laboratories.
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3} HHo| o] 8= 4= 9] ©1} polymerase chain reaction
(PCR)E oo} TIZEr} %31, Hholeie] 4
24 5o] 7hsatr] whiel S - glolA b4 ol
o] €51 QtKKim 5, 2011; Larochelle 5, 1999;
TribleZ} Rowland, 2012; Yang &, 2013). Z12{1} PCR
Al nEel WER sle] AP F 55
g mAEolY fHAE SAaRT SYEEE
°ZES fushe 2RH BHS AT Ut
(KwokI} Higuchi, 1989; Persing, 1990). PCRo|| 3)1¢]
£ 5E2 AA PCR o|Hol| HAEE A3t
ZEols BN AAA Bl &
o] AU 2H= S W} PCR o] 5o
ZE DNAZF Addde] ed=de o 24 -
1tHBorst %, 2004; Champlot %, 2010). &3] %%}9]
PCR 5% DNA©| oJg A AW 22t2 A2 PCR &
FE U0 % FaT Aoz =N o
(Aslanzadeh, 2004; Kwok¥} Higuchi, 1989; Persing,
1990). o]#3F PCR T4 9] o4 & o5& ZAE
fAdst7] fsko] thFet S0l Al o] o
WA #2270 oo BAE dAb AlzolA ] WA
F=1g& At AY @<=}t direct PCR (dPCR)
a9l gigte g AA|E L Q) © m(Kermekchiev
5, 2009), ] 2] PCR=E 7|5Z%% DNAo|| 23t 2 ¢
E A= uracil DNA  glycosylase (UNG) A| AEIS o] &
WA o whA ekl A1 Aol w, B
QI tieto & AAIE AL }lth(Longo -5, 1990; Pang 5,
1992; Tetzer, 2009). 121} o}A] =HujofA 71=HSF
o] PCR Ztho] o]ggt dPCRO|L UNG A|AElS
Hg3t o7l 79) gl Agolth. webA o] el
Ae d@A =HA A ddAofA 7Hg wol Xdho]
o[ OlA| T 9= POV2E BELE sfo] FAF 2ETY
w=3lske] PCR o9 L HZAIE 43t 4
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off Wigkstel AgSION, &4 HALS POV2 &
gol ZRlE A AFAZ(PK-15)E ARSI oF
9] A5 PCVD o]3 Bjx 2] dol(d )7t 27
(%, dZzA)S AQFste] Aol Agstdeh 23
AR 3,000 pmel A 1057 2482 sto] 2o
AFHTE ohs, —20°Coll Rkt AFol AR8-5H3
Z A A g2 A|E35He] phosphate buffer saline (PBS)=
10% $ANE FHE T8, 2277 Bertin tech-
nologies, France) & AF8-5lo] T}+4)5}% 32, 8,000 rpmof|
A 1087 24 Bestel Az AT o,
—20°Coll Bastel, Aol AHgHTE BE By o
ZAANZZRE AT HAF F=%7|E(Inclone biotech,
Korea)& ©]-§3}9] DNAE F&% th, Al PCR
7|EE o] &3 PCRE §3ko] PCV2 ¢F/do] =eld
ABE —20°Ce] Bastm, Aol A&kt
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Commercial PCR (cPCR)

(PCRE A7) SA2AA Rl 4] - = 7}
A7] oA PCV2 XIH-§ O & 2 ARSIl Q1= Al
Z PCV2 ORF PCR kit (Median diagnostics, Korea)E
ol gate] AxALS] FAH et AHg LT A
7| Eof| A A3 primer:= Ouardani 5(1999)0] X
13 primer®] H7IAEE YR WP AR # 1
I} Zoh FA] R EFE 53 DNA 5 uLE PCR
premixo] A7}t th-2, PCR % 7](Biometra, Germany)
£ o|8&3dte] 95°CoA] 587t Aestar, 35 A<
PCR 1}#(denaturation 95°C, 20%; annealing 55°C, 20
%; extension 72°C 302)E =83} al, 72°Cof|A] 5&
7+ 2F ¥hgSklk PCR 5-3AEE NEO green ¢
ABH(NEO science, Korea)Z H7}5}¢] 1.5% agarose
gelo]l 7] 9453t t}2, UV trans-illuminator (Bio-Rad,
USA)E 493 bpe] o] Mi=E #zsto] w313t

udPCRE primer &3

udPCRES 9|3t primer= Lyoo 5(2008)0]
PCV2b S-A3 ol asli= MN-NP162 Hfo]g| Ao
ORF2 7] A €E(accession number EF452353)2 #
2 3} 2005~2013  AFo]o]l Genbanko] =
PCV13} PCV2 ORF2 S-#17} 714 AR 1507
LAz A7IAE BA ZEIPW(clone manager 6,
Scientific & Educational Software, USA)2 ©]-&3}]
B35 the, primer A7 ZZ129] DNASTAR®
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Table 1. Oligonucleotide primer sets for commercial PCR (¢cPCR) kit and UNG-based direct PCR (udPCR) in this study

Method Name Nucleotide sequences (5'-3") Genomic position Reference sequence
cPCR Forward CACGGATATTGTAGTCCTGGTCG 1093 ~1115 GenBank No.
Reverse CGCACCTTCGGATATACTG 1567~1585 AF027217
dPCR PCV2-F CATGGTTACACGGATATTG 1085~1113 GenBank No.
PCV2-R AATACTCCTCCCGCCATAC 1291~1309 EF452358

Lasergene (DNASTAR Inc, USA)E ©]-&3}o] PCVI1<]
VAR ZZE3}A| 911, PCV29] OFR2 G-AAYHS
22y 2 g A5} 5 eK Table

4 = E9o] primer setE
0.

dPCR X2 &8

dPCRE] 2AL2 =4
Korea)& ©]-§-5Fo] 23}

Al dPCR-& kit (Nanohelix,
Atk cPCRI} =2 dPCRE)

739 AAA =S it A 2E 9 FAG glo]
HE= PCRE AAISH7] oo & @A}A]Eoﬂ o5t

A2 #Hge] PCR FZof 7H¢ & F3F= mIxIth
webx] dPCRoOl A et 24 A& 743] z271& 44
517] $lete] Ao cPCRE PCV2 4ol 2HlH @
A d Yz ZAAR S 7H11\1_0_ J\J]HLO]_O% OH]ﬂ- /\]_"Er'_
E AH 7B x3E Alm AZE LSH(sample
dilution buffer; SAB)of 1:2.5, 1:5, 1:10, 1:202] 3] AH]
g2 EUT b FLolM 3R AT 7, o
3|4l 2 MLE =°ldfo] dPCR premix°f] 7}t o
2. PR AAGOl 1 FEALS FAUSU:
dPCR] ¥HS 7S AZ Aol A el WHE
Tha WEslo] PORE HH(Axygen, USA)| 22|
Ay A= 0.4 mMO] primers E3FSlo] & 25 plLo)
premixS PCR £ 7|(Biometra, Germany)S A}-8-5}o]
95°Coll Al 53t A 2fstaL, 40 317 9] PCR 7 (dena-
turation 95°C 302, annealing 50°C 30%, extension
TC 302)8% ot v, IO 5 R 25
S35 th PCR FZAMES NEO green FAH(NEO
science, Korea)& @,7}0]—01 1.5% agarose gelo] A7]%
% 3t t}3, UV trans-illuminator (Bio-Rad, USA)Z
225 bpe] PCV2 ORF2 -4-74712] Eo|ehalg 7aslo]
S
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UNG /\]/\E]Ul 14_9_3]_0:] 7]_3_;:1.5
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oxyuridine triphosphate (dUTP)2} UNGE Ad7}5tE 7]
£0) PCR WHgo] 3 #7 9 A4 F2g A
Aslojol gkl WA} AA JUTP (Inclone biotech,
Korea)e] A7} vl&-S 2haiss] Sjakol obA Ageh
dPCR premixol| dATP, dCTT % dGTTO| HE= 25
mME 1A, dTTPY dUTPY] HZE Lrl 25
mM# 3}% dTTPS} dUTPY] H|&E 2.5 mM/0 mM
(5:0), 2.0 mM/0.5 mM (4:1), 1.5 mM/1.0 mM (3:2), 1.0
mM/1.5 mM (2:3), 2.0 mM/0.5 mM (1:4) & 2.5 mM/O
mM (5:0) B2 24eke] H7hE the, PORE A4
stel FEaEo] YA A g Ao vl 2
steick. the WA PCR Whgol FFe A o
= 279 UNG & 2M35t7] 935to] dPCR pre-
mix®]] UNG (NanoHelix, Korea)S 5 unit, 2.5 unit, 1
unit, 0.5 unit, 0.1 unit® ZA3s}o] & 7}5E uPCR pre-
mix 2 setE A Z3F th2, 1 setof]= 343 PCV2 uv}
ol A wigHE o2 PCRE AHAISHAL, thE
1 seto]]:= A}Z o] wPCRZ 7] Z=%% DNAE Nano-
drop lite (Thermo Scientific, USA)Z A=Fsto] 100
pg/;,LL 1 pg/uL, 10 fg/ul =9 7]%5Z DNA 1 uLE
F 2718 TS, PORS A1AJato] PCR HEgo] 93
A ouAE 0@AY 715E Bkl He) vl
Qo077 gk A% UNG 528 aAEAss
o} WPCRS] WHSEZE POV2 BA] HholeiZ vjerel
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uPCR¢l 7%, 7] PCR Z7o| UNG g 9 =
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UNG #|-& PCR¥©] 7]%—. F BAES] 2 ol ol
G WA RS Slskelth 2, wPCRS E3
o] 7] ZZ =] DNAE Nanodrop lite (Thermo Scientific,
USA)Z Aot th2, 20 ng/ulo A 2 fg/ul =2
10 W% A B4, of H4otS UNGE 4§
3l premix?} UNGE -8 8}7\] oro premix©] zHzh A
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ZAAZE cPCRill udPCRZ2t BIZIE Hlul

PCV2 v} PCV2 ¢F/dol eiele &%, 924
2 H7 22 Al2E PBS (pH 7.2)2 10 i @A 3]
A g thE, ol AlEE tA SR cPCRY}F 2F oY
H udPCRE AA|ste] = ZIebH7Ee] vt e & H|aL
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premixE A X3 ThE, PCV2 vfjefAE oz
dPCR& AAlsto] SHRaE&S U 23, dTTPE
dUTPZ AX wAsAU dTTPY} dUTPS] H7bd]&
S 0.5 mMR2.0 mMZ 2AT Aot ZEF Lol
AstEe Ao Yoy 2.0 mMO.5S mM, 1.5
mM/1.0 mM = 1.0 mM/1.5 mM H 7] Lol A= 23]
o SFEES UEIITH(Fig. 2). wEhA PCR
a0 Y= vIAA FewA YR dUTPE
3 1.0 mM/L5 mM H7H]&e A
dUTP 737}%5& AAstch TS PCR SZ a8
oWAE 7|ZE g #MA 0 o] 9
ZZo H]—x]zsl— & 9= HAA UNG =& 9l
premix®]] UNGE 2.5 unit |4 7189
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Fig. 1. Optimization of sample
pre-treatment condition with sam-
ple dilution buffer (SAB) for direct
PCR (dPCR). A-D, PCR results for
sample pre-treatment condition
with different dilution ratio of
sample to SAB 1:2.5, 1:5, 1:10 and
1:20. Lane 1-5, different serum
and tissue samples presented in the
dPCR.
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s PORS) RIGE/E GAETE H UNGS L0 wit - ypopo) orat gxied @it 2ol

OIF12 A1 i UNG ol 21)9f E%_zz = N

2888 GerigickFie 0. B9 7] S35 o UEEel W ol ojF 053 YAAd
S 0@ARS 9Ol UNG SE7H 05 wit olskel B Telsr] Slsto] E wPCR 7|5 5E DNA
Aol A @ ol ot e FES WAT 4 gle BJAH(20 ng/uL-2 fg/ul)E UNG A& premixet
A0 UekilthFig 3B). mteb o] % /b4 AW A UNG ¥|&14 PCR premixel 242 H7}sto] St %
B2 23ko] L WPCRE premix]l H7FE= UNG 702 PCRE AASHLh 1 A3 UNG A28 vl
o HAYBEE AF 1 wito 2 2gshen 4§ premix® PCRS A 7% olli= 27 DNA

o] ofo]| Arykglo] 3] PCV2 DNAZ} ZZ & Q2| qt

<« 225bp

Fig. 2. Optimization of dUTP concentration for direct PCR (dPCR). A-E, PCR results with dPCR premix containing a different concentration ra-
tio of dTTP to dUTP; 2.0 mM/0.5 mM, 1.5 mM/1.0 mM, 1.0 mM/1.5 mM, 0.5 mM/2.0 mM and 0 mM/2.5 mM. Lane 1-3, 10-fold dilutions of por-

cine circovirus 2 culture.

5 unit 2.5 unit 1 unit 0.5 unit 0.1 unit Mo UDG

M 1 2 3 4 M1 2 3 4 M1 23 4 M 123 4M 12 3 4 M 1 2 3 4

A

Fig. 3. Optimization of uracil DNA glycosylase (UNG) concentration for direct PCR with serial dilution of porcine circovirus 2 (PCV2) culture
(A) and prevention effect of the UNG system by incorporation of pre-amplified PCV2 DNA (B). M, 100 bp DNA marker, (A) Lane 1-3, 10-fold di-
lutions of PCV?2 cultures. (B) Lane 1-3, pre-amplified DNA templates at the concentration of 100 pg/uA, 1 pg/uA and 10 fg/pA.

(A) dPCR without the UDG system (B) dPCR with the UDG system
4t 2 3 4 5 6 i a M 4 2 3 4 5 6 7 a

-+ 225bp

Fig. 4. Prevention effect for the DNA carryover contamination in the developed direct PCR (dPCR) without UNG system (A) and with UNG sys-
tem (B). Lane 1 to 8 showed dPCR results that were carried out with pre-amplified DNA templates at the concentration of 20 ng-2 fg/uA,

respectively.
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(A) cPCR

Fig. 5. Comparison of the sensitivity between commercial PCR
(cPCR) and UNG-based direct PCR (udPCR) on different pig
samples. Lane M, 100 bp DNA marker. Lane 1-6, 10-fold dilutions of
each samples.
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Table 2. Porcine circovirus DNA detection in clinical samples
using the commercial PCR (cPCR) and UNG-based direct PCR
(udPCR) methods

Detection of PCV2 DNA (No. of positive)

No. of
Samples

samples cPCR (%) udPCR (%)
Tissue 86 39 (45.3) 46 (53.5)
Blood 84 24 (28.6) 31 (36.9)
Total 170 63 (37.1) 77 (45.3)

A& A 2] PCV2 AEREC] T $-4310]
CH(Table 2).

A=A

J {

1

PCVDE GFEARIC] 7bg 2 wajs 2k 9 3
o] Bhfo]uf(Segales 5, 2012), 7HAE A A chef
MBS Sushy] g HALEe Adsis A
Aol A AAH o Aol o]Fol a1 Gl W
otk PCVD] 1xp4el glelxjel PCV2e] Zlgtel i

PCR 7]% ekl 714 wol ol 453 glotk(Kim
S, 2011; Trible¥} Rowland, 2012; Yang -5, 2013), A
A F S o4 oot SAA Sa
FYsHYEE 03B fusts AWAY BHS
7}A) 2 Qi Kwok@} Higuchi, 1989; Persing, 1990).
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A} Hio] 2] 2(Song -5, 2009) & Aberat E=2] HUA
o FdeHom AgH vt Slrh

A== dPCRE 7| EE o]&sto] Xdis 7id
ot A folle ARG FFol ot ARAZdE AF
Hl& =2 ARgSto] o] SFHa&s FHs= Z9]
Fasith B3t 7| Eof xZ3tE o] 9l SEaATF A
Aol HAof| AATAE ARl HESOF gt o]
A= = - 9] o7 ALY AlE 7| EE AP
AESH Anp, 2 A XA Al 7] E(NanoHelix,
Korea)E ©]-&3}o] PCV22] dPCR 7| 5|2
sholeh. oh2 AzAte] AT dPCRG 7|EL TjRE
Pfu DNA polymerasett 1 S =H|5 34 E AR
skl QLA o] Ao A AEFSE 7]EX= Taq DNA
polymeraseE £3taA = AFESHHA dPCRo| 7153
Al 2O FZ ——,LHE]Cﬂ Qlt}. Taq DNA polymerase
@} 2] Pfu DNA polymerase= UNG %]-8& PCROf A
AHgSHE dUTPE adpew F3%3 #7p glon,
€ ol dtolA 2HF FA o= Sk uPCRY dPCR
M wdPCRE Zeels o 4kl ercka 2
Soith. Alw 7IES ol gslol POV2 Aol B
WY 5 54205 Aokt SaBe) 3144
sto] dPCRS AAZE Aik(Fig. 1), €% 4
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