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Abstract : Cause of high lethality and dissemination to human being, new development of rapid method
for the detection of highly pathogenic Avian Influenza Virus (AIV) is still necessary. For the detection
of AIV subtype H3N1, typical pathogenic AIV, new method to confirm sub-typing of this virus is also
needed. For the purpose of ultra-rapid detection and sub-typing of hemagglutinin and neuraminidase of ATV,
this study was planned. As the results we could demonstrate an ultra-rapid muliiplex real-time PCR
(URMRT-PCR) for the detection of AIV. In this study, the URMRT-PCR were optimized with synthesized
AIV H5- and AIV Nl-specific DNA templates and GenSpector TMC, which is a semiconductor process
technology based real-time PCR system with high frequencies of temperature monitoring. Under eight
minutes, the amplifications of two AIV subtype-specific PCR products were successfully and independently
detected by 30 cycled ultra-rapid PCR, including melting point analysis, from 1 x 10° copies of mixed template
DNA. The URMRT-PCR for the detection of ATV H5N1 developed in this study could be expected to apply
not only detections of different AIVs, but also various pathogens. It was also discussed that this kind of
the fastest PCR based detection method could be improved by advance of related technology in near future.
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Table 1. Oligonucleotide sequence of AIV detection primers
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Name Sequence (5' — 3" mer GC% Product (bp)
HAQ-S CAGATTAGICCTTGCGACTGG 22 63.24

HAQ-AS TGCCATCCTCCCTCTATAAAACC 23 62.58 108
NAQ-S CTGAATGACAAGCACTCCAACG 22 63.06

NAQ-AS GCTGACCAAGCAACAGACTCAA 22 62.84 125
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Multiplex PCR detection
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5’ -ATAAGGATCGGTTCCAAGGGGGATGTGTTTGTTATTAGAGAGCCGTTCATCTCATGCTCCCACTTGGAATGCAGAACTTTCT
TTTTGACTCAGGGAGCCTTGCTGAATGACAAGCACTCCAACGGGACTGTCAAAGACAGAAGCCCTCACAGAACATTGATGAG
TTGTCCTGTGGGTGAGGCTCCCTCCCCATATAACTCAAGGTTTGAGTCTGTTGCTTGGTCAGCAAGTGCTTGCCATGATGGC
ACCAGTTGGTTGACAATTGGAATTTCTGGCCCAGACAATGGGGCTGTGGCTGTATTGAAATACAATGGCATAATAACAGACACTA
TCAAGAGTTGGAGGAACAACATACTGAGAACTCAAGAGTCTGAATGTGCATGTGTAAATGGCTCTTGCTTTACTGTAATGACTGA
TGGACCAAGTAATGGGCAGGCATCATATAAGATCTTCAAAATGGAAAAAGGGAAAGTGGTTAAATCAGTCGAA-3’

Fig. 1. Synthesis of NA1 specific DNA by templateless gene synthesis.

Panel A. 489 bp-long neuraminidase 1 (NA1) specific DNA. It was synthesized through 8-step serial long-nucleotide extension.
This electrophoretic image shows the result of each extension step. that originated AY651433 lane 1 to 8 were 78 bp, 157 bp,
228 bp, 273 bp, 343 bp, 405 bp, 468 bp and 489 bp of NA1 DNA, respectively. Lane M and M' represent two different DNA
size markers. Panel B. Sequence of AIV NAl specific 489 bp-long, DNA using this study. The bold letters represent two
position of primers pairs using AIV NA1 specific detection, named NAQ-S and NAQ-AS, 5' — 3' respectively.

5 -AAGAAAGGGGACTCAGCAATTATGAAAAGTGAATTGGAATATGGTAACTGCAACACCAAGTGTCAAACTCCAATGGGGGCGA

TAAACTCTAGTATGCCATTCCACAACATACACCCTCTCACCATCGGGGAATGCCCCAAATATGTGAAATCAAACAGATTAG

TCCTTGCGACTGGGCTCAGAAATAGCCCTCAAAGAGAGAGAAGAAGAAAAAAGAGAGGACTATTTGGAGCTATAGCAGGTTTTAT

AGAGGGAGGATGGCAGGGAATGGTAGATGGTTGGTATGGGTACCACCATAGCAATGAGCAGGGGAGTGGATACGCTGCAG

ACAAAGAATCCACTCAAAAGGCAATAGATGGAGT TACCAATAAGGTCAACTCGATCATT-3 ¢

Fig. 2. Sequences of AIV hemagglutinin 5 sub-type specific DNA (387 bp, partial sequence). The bold letters represent
two position of ATV HAS detection primers pairs named HA-HF and HA-HR, 5' — 3' respectively [9].

A= ™, Micro Chip Master-mixd] T4 g8
dNTPs(2.5 mM each), Tag DNA polymerase(2.5 U/ul), 40
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Amplification (Cycles) Dissociation (Temp.)
C
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Chip Name Cr (cycle) Tm (C) PCR condition
temp. Range ()  Time
HAcld 1 x 107 copies 11214 8177  89°C (1", 64T (1", 68T (3") / 30 cycle 77-87 7 39"
HAcld 1 x 10° coples 15714  SLT7 89T (1", 64C (17, 68°C (3") / 30 cycle 77-87 7 38"
HAci4 1 x 10° copies 20002 8228 89T (17, 64 (1", 68T (3" / 30 eycle 7187 7 35
HAcl4 1 x 10° copies 24.889 82.31 89T (1", 64T (1", 68T (3") / 30 cycle 71-87 T 38"
HAcl4 1 x 10° copies 28876 8245 89T (1", 64 (1, 68C (3") / 30 cyele 7187 7 30v

Fig. 3. Ultra-rapid real-time PCR with serially diluted ATV HAS specific DNA. Panel A. The sensitivity of UR real-time assay.
Serially 10 fold diluted ATV specific DNA were used from 1 x 107 to 1 x 10° copies as initial template, respectively. From each
initial template, AIV H5 specific amplification was quantitatively detected. The small figure is enlarged for supplement results.
With initial template, 1 x 10> copies of AIV H5 could be also detectable in 7 min 39 sec by UR real-time PCR. Regression
equation of Cy and initial template was calculated as 0.9993. Panel B. Melting temperature analysis of HA specific PCR product.
The detection limit for the assay is estimated up to around 1 x 10°copies of AIV HS specific DNA. Panel C. Detection data
of UR real-time PCR for the ATV H5. Threshold cycles (Cy) were quantitatively increased with concentrations (copies of specific
DNA) of initial templates. All detections were finished under 7 min 40 sec with 30 cycled PCR and analysis of melting temperature.
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C
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Chip Name Cr (cycle) Tm (C) PCR condition .
temp. Range (C)  Time
NAcl4 1 x 107 copies  11.428 83.85 89T (1", 64T (1), 68 (3") / 30 cycle 71-87 7 34
NAcl4 1 x 10° copies 15.892 84.49 89T (1), 64T (1), 68T (3" / 30 cycle 77-87 7¢ 35¢
NAci4 1 x 10° copies  20.660 84.86 89°C (1), 64°C (1", 68T (3") / 30 cycle 77-87 7¢37%
NAcl4 1 x 10" copies  23.753 84.89 89T (1", 64T (1", 68T (3') / 30 cycle 77-87 Tt 40¢
NAci4 1 x 10° copies  27.197 N/A 89T (1", 64C (1), 68T (3" / 30 cycle 71-87 7¢ 38«

Fig. 4. Ultra-rapid real-time PCR with serially diluted AIV N1 specific DNA. Panel A. The sensitivity of UR real-time assay.
Serially 10 fold diluted AIV specific DNA were used from 1x 107 to 1 x 10° copies, respectively. From each initial template,
AIV N1 specific amplification was quantitatively detected except 1 x 10° copies. The small figure is enlarged for supplement results.
With initial template, 1 x 10* copies of ATV H5 could be also detectable in 7 min 40 sec by UR real-time PCR. Regression
equation of Cr and initial template was calculated as 0.9922. Panel B. Melting temperature analysis of N1 specific PCR product.
The detection limit for the assay is estimated up to around 1 x 10*copies of AIV N1 specific DNA. Panel C. Detection data
of UR real-time PCR for the AIV N1. Threshold cycles (Cry) were quantitatively increased with concentrations (copies of specific
DNA) of initial templates. All detections were finished under 7 min 40 sec with 30 cycled PCR and analysis of melting temperature.
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(cycle) HA NA temp, Range (C) Time
Al mixed 1 x 107 copies  9.86 8117 84.63 89T (1"), 64T (1", 68T (3" / 30 cycle 7787 7 43"
Al mixed 1 x 10° copies 15408 81.45 84.67 89T (1™, 64C (1", 68°C (3") / 30 cycle 77-87 7' 39"
Al mixed 1 x 10° copies 19.733  82.12 85.14 89T (1", 64°C (1"), 68T (3") / 30 cycle 77-87 737
Al mixed 1 x 10° copies 24287 82.16 84.89 89T (1", 64C (1"), 68T (3") / 30 cycle 77-87 7' 38"
Al mixed 1 x 10° copies 28.041 8226 N/A 89T (1", 64C (1", 68C (3") / 30 cycle 77-87 7' 43"
NTC - N/A 89T (1", 64C (1), 68T (3") / 30 cycle 77-87 737"

Fig. 5. Ultra-rapid multiplex real-time PCR with serially diluted AIV specific DNA.
Panel A. The sensitivity of UR Multiplex real-time assay. Serially 10 fold diluted AIV specific DNA were used from
1% 107 to 1 x 10° copies of each H5 and N1 as template, respectively. From each initial template, ATV H5 and N1 specific
amplifications was quantitatively detected. The small figure is enlarged for supplement results. With initial template, 1 x 10°
copies of ATV H5 and N1 could be also detectable in 7 min 43 sec by UR real-time PCR. Regression equation of Cy
and initial template was calculated as 0.9956. Panel B. Melting temperature analysis of AIV H5 and N1 specific PCR
products. The detection limit for the assay was estimated up to 1 x 10°copies of AIV H5 specific DNA and 1 x 10*copies
of AIV N1 specific DNA, respectively. Panel C. Detection data of UR real-time PCR for the ATV H5 and N1. Threshold
cycles (Cy) were quantitatively increased with concentrations (copies of specific DNA) of initial templates. All detections
were finished under 7 min 43 sec with 30 cycled PCR and analysis of melting temperature. NTC; non template control.

o=z AxbEglom, ATV NAIEH Y XS 93 PCRE
Aol A% A7He SFLER :

40z Woll 7153k thFig. 4).

i
ny
2
it
b
otk
o
o
a2
e

Mutiplex UR real-tme PCR detection
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