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This ultra real-time PCR (UPCR) based diagnosis system for avian influenza A virus (AIV) subtype
was designed. The target primer in this study was derived from HSN1 subtype-specific 133 bp
partial gene of hemagglutinin (HA), and was synthesized by using PCR-based gene synthesis on the
ground of safety. UPCR was operated by Mini-Opticon Q-PCR Quantitative Thermal Cycler using
aptamer-based molecular beacon, total 10 ul of reaction mixture with extraordinarily short time in
each steps in PCR. The detection including UPCR and analysis of melting temperature was totally
operated within 15 min. The AIV-specific 133 bp PCR product was correctly amplified until 5
molecules of HA gene as minimum of templates. This kind of PCR was drafted as UPCR in this
study and it could be used to detect not only AIV subtype, but also other pathogens using
UPCR-based diagnosis.
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961 ACCATCGGGG AATGCCCCAA ATATGTGAAA TCAAACAGAT TAGTCCTTGC GACTGGACTC

1021 AGAAATACCC CTCAGAGAGA GAGAAGAAGA AAAAAGAGAG GACTATTTGG AGCTATAGCA
1081 GGTTTTATAG AGGGAGGATG GCAGGGAATG GTAGATGGTT GGTATGGGTA CCACCATAGC

Fig. 1. DNA sequences of an artificial synthesis of hemagglutinin genes (133 bp, partial sequence). The underline represent
two position of AIV detection primers pairs named sense and reverse primer, 5'—3' respectively, in this study.
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Table 1. Nucleotide sequences of AIV detection primers

Name sequence(5’—3’) mer  products
IV HAF aatgccccaa atatgtgaaat 21 133 bp
IV HAR tgccatcctecctctataaaa 21

aattaaccctcactaaagggctgagtcggaga
gagaagaagaaaaaagggactattttcaaaac 97
cgcaatacactggttgtatggtcgaataagttaa

MB LP

attaaccctcactaaagggegcettcaa aagaa
MB HP acaagaggactatttatttgttcaggttgggtctt 89
cctattatggtcgaataagttaa
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Hemagglutinin S%Xle| & U RT-PCR

HA A8 nucleotideS AFE3}ed, PCR (Mini-Opticon
Bio-Rad, USA)S ©]4, 133 bp2] HA EF7AE 493
e} 20 ple] ZFo 2 10 pmole oligonucleotide S} 2+ 1.25
mM dNTP, 1.25 unit Ex Taq DNA polymerase (TaKaRa,
Japan), 2 ul 108} reaction buffer (25 mM MgChL)E A}8-3}
Fom whe 27 94°CollA 30%%F redenaturation %,
denaturation 94°C, 1%, annealing 60°C, 1%, extension
74°C, 1525 45 cycles & T2, 74°CollA 30z
7} final extensions SFATE T AR AIV HES 52
3}7] 915] R-Mix ReadyCell (Mink Lung/A549 A X3S o]
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(Seegene, Inc, Korea), 4 pul 5% multiplex primer sets, 3 pl
8-MOPE¥-S 53| DSO technology (Seegene, Inc)oll 23
tjA}e1E Seeplex RV A/BAIES] primer® & cDNAES A
sfal 94°C, 30% B¢t 3] Mini-Opticon (Bio-Rad)2-Z
denaturation AlZ]l ¥ 94°C, 1%, annealing 60°C, 1%,
extension 74°C, 15%% 45 cycles &< 33ttt 2+ ©A
HZ FAE DNAE 2.0% agarose gelol 7|95 & EtBr
(ethidium bromide) 2 G332 ™ UV transilluminator %
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3}t Table 2).

Real—time PCR2| Z|XZ=71
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Avian influenza virus®] Real-time PCR 7AAS £)3F HZ&
annealing 1S &43}7] 913l 71 primer 10 pmol ¥} 55
A 2+s+ MB-HP/LP (molecular beacon) primer 10 pmol¥} Z}
A A S5 cDNAE dste] FH o2 1o 10 ul SYBR



Table 2. Comparison of viral culture with IF and Seeplex
RV (S-RV) assays from 8 major respiratory viruses

Viral culture with IF

Seeplex RV Total

Positive Negative
18* 7° positive 25
11° 2 negative 13
Total 29 9 38

* The major respiratory viruses were influenza virus type A and B,
parainfluenza virus type 1, 2, 3, and adenovirus.

" More than 1 virus detected with S-RV in 2 specimens: influenza B +
parainfluenza 1;

¢ More than 1 virus detected with S-RV in 1 specimen: influenza B +
adenovirus.

¢ Parainfluenza virus detected only by viral culture and IF.
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Quick Real—time PCR
PCR WH3-Eo] e 10 wl Padgoln 743 A%s
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z 7 . 11g
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0 — «100ag
-1 * 10ag
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Ct value

Fig. 2. Standard curve and electrophoresis of Real-time PCR
with serially diluted templates of AIV HA-MB gene using
Mini-Opticon Q-PCR Quantitative Thermal Cycler. (A)
Electrophoresis of same PCR products. Lane M is 100 bp
DNA size marker; Lanes 1-7 were loaded 7 PCR products
amplified from initial template plasmid, 10 pg, 1 pg, 100 fg,
10 fg, 1 fg, 100 ag (62 copies of AIV gene) and 10 ag,
respectively. Lane N; negative control (distilled water). PCR
products of 133 bp were shown in all lanes, except 10 ag
and blank. (B) Regression analysis of PCR products. The
linear relationship between the quantities of initial template
and Ct values was fairly accepted. Regression equation was
calculated as Y=-0.41X+12.04. Regression coefficient was
R’=0.997.
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Fig. 3. Real-time PCR with serially diluted templates of
AIV HA-MB gene using Mini-Opticon Q-PCR Quantitative
Thermal Cycler. Real-time PCR was performed with the
standard condition in this study. Initial quantities of
templates in each experiment were 10 pg, 1 pg, 100 fg, 10
fg, 1 fg, 100 ag and 10 ag, respectively. Fluorescence
curve, the Ct values were shown initial quantity- dependent
manner in the range of 10 pg to 10 ag. Distilled water was
used in blank instead of DNA template.

PCR®] 7}538t Ao 2 7= H Mini-Opticon (Bio-Rad).2
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B 1 9jo] WejdA] PCR A= 27| 7|4 Ct FXE9
AR AR Gtk 3 AIV HA f3zte] o}
EAARE 7PF A143] Fdstr] €15 HA-MB primers =
A3t PCR 87 2t dAES] ARMe: STHoaE &2
Quick Real-time PCR-E <=3J3}it) o]& 7ho] Zehid 10
2 Rapid kit®] JITHET H2AZMS P AIRME &
Atz sty FFEAH 02 94°Co| A 3057t pre-denatura-
tionS X1, denaturation 94°C, 1%, annealing 60°C, 13
extension 74°C, 15%% 45 cycles 5% 43Il §§2=
45 B¢ PCR 2HE9] Tm 9A] 82°C W92 4 PCR
S THEo] WE ERISHATHFg. 3).

Ct 2 7]F22 133 bp2] DNAS SZ3) Y 2 2
oA ZIMae] A7 4 7P 2 JEE Pl
AlvV-olge] digt AFFF= 7+ ofgd uis HolF<d
HA-MB primer$} Z3MA)Hol= annnealing®] Al{t= 8%

= 75 =

Hemagglutinin SXIXle| g
ZF=7 vlo]g]2(avian influenza A virus: AIV H5N1)<]

Fig. 4. Pintails (Anas acuta acuta) in riverside of Ttukseom
region (AVI samples were isolated from the head and neck
of the corpse of pintail)

Z5F HA 782 A$E oF 1.69 kb AE=7]12 15% NA
ofe] Zgol| of3 1444 F o}FS AAS A Hof 1 FellA
Bl 71 Ak AT HdAe] ok AuYges
et 2 AFeMe HA 34 3 983712 154
49 Balod 133 bpo] HA 34 99S ARl o8
§Hd3t real-time PCRS ©]-83te] ALshA A& £Ask=
d ARSI AAE RS 43t 2% agarose gel 73
N sizeE GABFEAE R HE FEF HA 74
7= Real-time PCRE AME-3ted 4] 8191om AIV HA
B 6922 97 IS BA5k] HASH UXEHe Belsly
om o]2 pLUC-TA-HACZ W93tk pLUC-TA-HA 2
DNA 7 #-& NanoDrop 20005 A3l A E45199=T
10 ag®] pLUC-TA-HAE ¢} 187]9] AIV HA 99 §3x1=
ek AoR AlFeFith(Figs. 2 and 3).

Ultra real—time PCR Zu}x|

AIV 27+ Ultra Real-time PCR 232 94 ® 7]
© 54, 3 2 oz RE A¥E wges]e A e}
A9l EixollA] 23k AIVE Real-time PCRY| 23] =
S AREZHE vpole)zo] FHAE A&kl Aol A
2RE FAAE Sk ofEE A olE ol itk
(Figs. 4 and 5). WA &3] nlo]H 2~ Adstr] g W
Moz dubrog ZBE I Q)= Real-time PCRO| AIVE
Eolxog Rk E 3¢k eI E ARESlY] 9o #Al
A& s Adskazt sk 1EiA] ER1AEZ = Table 17 Fig. 6
NMAY EFE A 29 pLUC-TA-HA 10 pgHEl 10 ag7ZA
229 E HA5lal UPCRE 4333 A} plasmid 100 fgi-
E] 10 ag7Z7}A]9] Ct $=X|(Threshold cycles)E AXAHE] 3HA
Hog sl HlnA AFH JREE B Ct A5 A7
AL dXBIET L ARERE A AlESE SRR} B
w3l YA AVI -HMB-HP deb 2-8A) H49xY
< 3 tixwFt Bl oF 0.65H1 AL B2 0.4810]31 e
™ hFdL 0.23u) A=Sch A A4 AVI H-HMB-
LP EbH A8A)) SAA o] FzTH vlwAl ©F 0.78
Bl g2 018401202 m ke 0.098) =Lt o]
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Fig. 5. Synthesis of hemagglutinin gene from avian
influenza A virus subtype H5N1 by template gene synthesis.
133 bp-long hemagglutinin (HA) DNA was synthesized
through template. This electrophoretic image shows the
result of each sample. Lane 1 to 3 were at Ttukseom, lane
4 to 6 were at tanchen, and lane 7 to 9 were at anyangchen
samples, respectively. Lane M represents DNA size markers.
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PCROZ A=A gi= W7 AVIS] 1894 2 A
A FFE Soldola M7 UA Eo] Jbssittetar g
o] xPH3}EKFigs. 5 and 6).
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PCR AHEoA U2 ZAus dhildslede] tisira oS gdsh
AV gx]¢] =5 8xlsly] 9féll DHI D3 DFA (Diagnostic
Hybrids, Inc., USA)2] R-Mix ReadyCell (Mink Lung/A549
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3l 35°C, 5% CO, incubatorol A 16417 59t vl okl
o} o]Fel AE7}F Akl = AMZESE PBSE A5}

3l opA[ESZ 11HF respiratory virus fluorescent antibody

(A) ] //4 positive control
o1 Ttukseom 81
HP / Ttukseom — S2

Tanchen Si
Tanchen S2

Anyangchen S1
Anyangchen S2
Negative control

A\

positive control
(B) Ttukseom 81
LP Ttukseom  S2

Tanchen S1
Tanchen S2

Anyangchen S1
Anyangchen S2
Negative control

S

Fig. 6. Ultra Real-time PCR pattern of each samples with
AIV HP-MB and AIV HP-MB aptamer using Mini-Opticon
Q-PCR Quantitative Thermal Cycler. Ultra Real-time PCR
was performed with the standard condition in this study.

Fluorescence curve, the Ct values were shown initial quantity-
dependent manner in the range of 10 pg to 10 ag.
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Ttukseom

Anyangchen
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Fig. 7. Immunofluorescence detection of respiratory pathogens
in R-Mix cells. (left) Ttukseom; (middle) Tanchen; (right)
Anyangchen, Magnification, *x200.
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