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< SUMMARY >

| EEE | D-02

Purpose&
Contents

O Development and commercialization of high-efficiency, cost-saving
RT-PCR and real-time RT-PCR diagnostic kit for on-site diagnosis of
influenza virus in animals

O Development and application of developed multi-axis influenza diagnostic
kit for early detection of spread of influenza

O Development and commercialization of portable high-speed RT-PCR
diagnostic device capable of accurate determination of influenza in a short
time on site using RT-PCR diagnostic kit

Results

<General Cooperation>

[1 Design and development of system equipment for commercialization of
RT-PCR, real-time RT-PCR and RT-LAMP PCR

- Build system for multiple analysis (16 ~ 24 sample processing)

- Development of homogeneous temperature maintenance technology
between holes for multiple analysis

- Developed precision temperature control module

[] Completed development of prototype of 2 species

[ ] Firmware and Ul development for system operation

- Precision temperature control for temperature modules and relays

- Ul development

- PID control algorithm and protocol optimization for precise temperature
control

[] Optimize system operation

- Development of board and algorithm optimization for optical module and
temperature control

—-.Debugging program optimization

[ Develop kit for easy application

[ 5 domestic patent applications, 2 PCT applications, 1 domestic patent
registration

<First Cooperation>
[l For development of pan-side diagnosis of animal and avian influenza

viruses, RT-PCR, real time RT-PCR and RT-LAMP assays were developed
and evaluated in this study, and the research results were as following:

O RT-PCR and real time RT-PCR assays were developed and evaluated for
the detection of animal and avian influenza viruses, and the prototypes of

commercial kits that produced by each partner company and provided it to

the evaluation agency (QIA).




- RT-PCR and real time RT-PCR kits for the detection of major subtypes
of avian influenza viruses and Newcastle disease virus.

- RT-PCR and real time RT-PCR kits for the detection of major subtypes
of swine influenza viruses and pandemic H1IN1 influenza virus.

- RT-PCR and real time RT-PCR kits for the detection of major subtypes
of equine and companion animals (dog and cat) influenza viruses.

- RT-PCR kits for HA subtyping of influenza A viruses (H1-H16).

- RT-PCR kits for NA subtyping of influenza A viruses (N1-N9).

O Direct RT-PCR and real time RT-PCR assays without nucleic acid
extraction step applicable for pan-side diagnosis of influenza viruses were
developed and evaluated, and the prototypes of commercial kits were
provided it to the evaluation agency (QIA). As a result of combining the
developed pan-side kits with the rapid diagnostic equipment,, the entire test
process was completed within 30-40 minutes of original target.

O Real time RT-PCR assays for the detection of anti-influenza virus agent
(amantadine or oseltamivur)-resistant viruses were developed and evaluated
for tested influenza viruses and in need further studies for clinical
evaluation.

O Through these studies, six papers were published and 2 cases of
technical transfer were completed as a quantitative research achievement.

<Second Cooperation>
[] Development of high—-speed scan type module through development of

small optical system

[1 Development and commercialization of optical module for RT-PCR and
LAMP-PCR (system integration)

[] High speed scanning method for 24 wells and the algorithm for minimizing
deviation between measurement holes is completed.

[1 Complete fluorescence data acquisition algorithm

<Third Cooperation>
(J Influenza A virus HA subtype (HA1 ~ HA16) standard virus security

(] Evaluation of development kit
[ ] Development Diagnosis Kit completed assessment of whether influenza
virus is highly pathogenic

(] Evaluation of development kit applied outdoor

Expected
Contribution

<General Cooperation>

[l A new business model will be created including commercialization of two
kinds of PCR systems (RT-PCR and LAMP-PCR)

[ ] Expect to expand into in vitro diagnostics based on gene analysis




[] Expect to generate sales through diagnostic kit (OEM type) including PCR
diagnosis system
[] Establish win-win relationship between organizations

<First Cooperation>

[l RT-PCR, real time RT-PCR and RT-LAMP assays for the detection of
animal and avian influenza viruses were applicable for rapid and differential
diagnostic methods contributing to prevention of animal infection and spresd
of influenza viruses. And it is expected that sales of the diagnostic kits will
be increased by commercialization by the partner companies.

<Second Cooperation>

[] Based on the developed products, we will continue to apply to POC
testing and verification to help you become a competitive product.

<Third Cooperation>

[1 Expect to increase sales by creating a new business model by delivering
optical modules to its main agency or by making its own products

Keywords

molecular
diagnostic RT-PCR PCR Diagnosis Kit
assay

Influenza
virus
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NO PART VALUE Location No Q'ty
C1,C2,C3,C4,C5,C6,C7,C13,C14,C15,C18,C21,C25,C29,C33,C37,C41,
1 CAP 100nF 18
c62
2 CAP 100uF/50V_6.3Pi_Dip CT9 1
3 CAP 10nF C40,C44,C45,C50,C51,C56,C57 7
4 CAP 10uF/3216 C22,C34 2
5 CAP 10uF/6.3V/1608 CT3,CT4,CT5,CT6,CT7,CT8,CT16 7
6 CAP 1uF Cl0 1
7 CAP 20pF C8,C9 2
8 CAP 4.7uF C42,C43,C46,C47,C48,C49,C52,C53,C54,C55,C58,C59,C60,C61 14
C16,C17,C19,C20,C23,C24,C26,C27,C28,C30,C31,C32,C35,C36,C38,
9 CAP 47pF 39 16
10 CAP 68uF/16V 6032 CT10,CT11,CT12,CT13,CT14,CT15 6
11 CAP 9pF C11,C12 2
12 CAP NC_51pF C63,C64 2
13 CON 1*3PIN 2.54MM HEADER/R J2 1
14 CON 4PIN_2.54 U3 uis 2
15 CON BOX, 2.54mm 2X10S J1 1
16 CON CON32 u7 1
17 CON PIN_2.54 9 U4 1
18 CON PJS008-2003-1 U6 1
19 CON SMW200_02 J4,)5,06,)7,18,19,J)14 7
20 CON SMW200_03 J10J11J12,)13 4
21 CON YMWO025-07R us 1
22 CON YW396-07V Ul2 1
23 DIO 1N4148WS D1 1
24 DIO B550C-13-F D2,03,D4,D5,D6,D7,D8 7
25 DIO LED RED_1608 LED1,LED2 LED3,LED4 LEDS,LED6,LED7, LED8 8
26 IC ADS1247 ug,uio 2
27 IC FDS6675 Q1 1
28 IC MMBT3904 Q2 1
29 IC RT8289GSP U11,U13,U14,U15U16,U17,U18 7.
30 IC RT9013 33GB U2 1
31 IC STM32F105VCT U5 1
32 IND HH-1T1608-800 FB1FB2 FB3FB4,FBS5 FB6 6
a3 IND NR10050_10uH L1L213L4L5L6L7 7
RLR5,R6,R7,R8,R9,R10,R11,R13,R14,R15R16,R21,R64,R65,R66,R67,
34 RES oR R68,R69,R70,R71,R72,R77,R78, R85 R86,R87,R88,R93,R96,RS7,RI8,.R -
99,R100,R103,R106,R108,R114,R115R117,R118R119,R120,R122,R1
23R128R134
35 RES 1.5K R133,R141,R142,R148R150,R157,R158 7
36 RES 100K R131 1
37 RES 100R R12 1
38 RES 10K R17,R18,R19,R20,R22,R24,R25R26,R27 R28,R29,R73,R74,R75,R76,R 2%
92R95R111R130,R137 R139,R145R147,R153 R155
39 RES 110R R90,R104,R112R127 <
40 RES 11K R132,R138,R140,R146,R149,R154,R156 7
41 RES 12R R107,R126 2
42 RES 15R R89,R91,R94,R101,R105R109,R110,R113,R116,R124,R125R129 12
43 RES 1K R135R136,R143 R144,R151 R152 6
R31,R32,R33,R34,R35R36,R37,R38,R39 R40,R41,R42,R43,R44,R45,R
44 RES 22R 46,R47,R48,R49,R50,R51,R52,R53 R54,R55,R56,R57,R58,R59,R60,R6 36
1R62,R63.RI59.R1I60R162
45 RES 330R R79,R80,R81,R82,R83,R84 6
46 RES 3K R165 1
47 RES 4.7K R30 1
48 RES 47R R2 1
49 RES 820R R102R121 2
50 RES NC R23,R161 2
51 RES NC_10K R163,R164 2
52 SW MT1102S SW1 1
53 XTL 25MHz X1 1
54 XTL MS3V-TIR_32.768KHz X2 1

(3) SHAISF




Method of heating/ cooling Peltier
Termparature rangs 4 0C-95.5°C |

Black type Fast block
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(D) A=) A 87
- HW 34 2 74

0 A 2
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SMPS ( single)

1 Power :
ON / OFF Switch
2 Display 4.3" color ( with Touch screen )
3 Port & Interface Push key, Touch screen, USB, DSUB
4 CPU STM32F
5 SW UI / GUI ( A|L}2]| 2 X|F : Mico )
6 Optical Unit Bit value : & Z i} - UART ( 19,200 )
7 Heating Unit Main control unit |0 ( 25~65°C )
(2) BOM
1/CAP [Q1uF C85.C77 2|
2|CAPR |100nF C1,C2,C3.C4,65,C6CTC15,L18C21,C25C29,C33.C37.041,C62.067 17
3[CAP |100UF/S0V_6.3PL_Dip ci9 1
4| CAP 10nF C40,C42 C45,C50.C51 3|
S|CAPR 10uR/3216 C2.C34 2|
6| CAP 1nF C68.C69.C70,C71,C72 C73,C94.C75.C76 g
T|CAP  |1uF C10 1
B|CARP 22uF C15.C1& 2]
QICAP  [20pF CBCo 2]
10|CAP 33pF C66 1]
11|CAR 39pF 78 1]
12|CAP  |47uF C42,C43,C46,C47,048,040,052 053,054,055 10
13| CAR &7pF C16,C17,C19,C20,C28.C30,C31.C32,435.C36.C38.C39 12
14|CAP |47uF/10V_B CT2CT3.CT5,CT7.CT16,CTL 6
15{CAP  |6BUF/16V 6032 CTBLTI0.CTILCTI2.CT13 3
16|CAP  |9pF C11.C12 2|
18|CON  |1*3PIN 254MM HEADER/R )2 1
19|CON (254 pin J6J9J1LJ15 4
20|CON  |4PIN_254 Uig 1
21{CON  |BOX, 2.54mm 2X105 J1 1
2|CON |CON32 U7 1
23|CON  |Y™WW025-02R 4151718014 5
24|CON  [YWMWO025-03R J10J12113 3|
Z5[CON | "M WO025-04R U3.us 2
26|{CON  |YMW025-07R ui2 1]
27|CON  |YMW025-05R u20u22 2|
28|DI0 1NL148WS D1 1
2|DiI0 B550C-13-F D2030405,06 5
30010 LED RED 1608 LED2 LED3.LEDS LEDG,LEDS LEDY &
31]IC ADS1247 ug.u1o 2|
32|IC FD58884 u21u23 2|
BIC |MMBT00 0203 2
Ecl il RT7285C_GE_50723-6 ug.u17 2]




3sic RTB289GSP UL11U13U14,U15U16 5|
36[I1C STM32F105VCT us 1
37[IND__ [10uH/2520/0.6A L8LY 2|
3B[IND [HH-171608-800 FB1FB3 FB5FE6 4
20[IND__[NR10050_10uH 1213 1415 5|
bl s RLRGRE RIRIORILRI2RIAR15R16 R2LRI0REA RE5R66RE7 REBREIRTO RTLRT2ZRTTR7B RESREGREBRIZR:G |
RO7ROS.RIGRIOORIOIR103RIOER1I4RIISRIITRIISR11GRIZORIZZ RIZ2IR12S.R1ZARIS2RIET
41[RES [15K R141R142 R148R150 4
42[Res |18k R133 1
23[Res  [100K R161 B
Z4[RES  [100R R13 1
Bl g RI7RIBR10R20R2ZR24 RIS R2ER2TR 28 RAGRTIR 74 R75 RTGRI2 ROS RITTRBORISIRIBTRISORISSRIZTRI |
S51,RIS3R166R1TL
46|RES  [110K R160 1
47[Res  [110R RSOR112,R127 3
25[RES  [11K R138R140,R146R 149 4
Z9|RES  |LoR RI07TR126 2
so[REs  [15K R170 1
S1|RES  |I5R REGRILRO4RIIOR1L3 RIIGR12ERIZSRIZD 9
S2(RES  [16K R132 1
s3[REs [k R135R136R143R144 4
SA[RES  [22K R162 1
= — R36R37R38.R39 RAOR4L RA2 RA3RA4RE5 RA6 RAT.RAE RAS RSORS1 RS2 R53R54R S5 RS6R57 RSB RSIREORGLRG [
2RE3.R153R160
SG|RES  |330R R79RE0OREZAES 4
s7[RES [ R1E5 1
sa[Res  [47R R2 1
S8|RES  |220R R10ZR1Z1 2
s[RES  [NC R22 1
61| RES 168 1
£2|RES RIGIR162 2
&3[sw SW1.SW 19 5W 20, SW21 SW22 SW23,5W 24 SW25.5W26,5W27 SW 28 SW 29 SW 30,5W 31 SW32 SW33, 5W34.5W35 18
B4[XTL W1 1
65[XTL |M53V-TIR_32.768KHz X2 1
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Heater Simulation Results

Last iteration/Step Last fteration/Step

Haat
[ -

= Max Min Ren
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- /\wr—:s]a% AlZo] Zdhe wy] 9)3ke] Plate Xhﬂa A
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Welcome to micobiomed Real-Time PCR System.
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A 24, = AEFAx} wpolg) A~ dA3HE-E Pan-side RT-PCR
2 real time RT-PCR 7]1E 7l
Tz} vlo]l 2] ~(influenza A virus; IAV)E A3} o Fst &9

==

ECERE

AY JAEF RS R]
A2 Wolg X &etal glow, 2009 pHIN1S i3 o] <17/ S Afste= A=
+ Wo|F7t 4T TheAde] AAEstal Ut (Peiris 5, 1992; Vijaykrishna &, 2010). ©]&
g 8l E&4o = d&at] Hot] AbE 2 TE el AdEE [AVel] tigh # &%
QA A EFo] gttt

et

AV digt a&42 TALES HalAe 2%, dgst Aoy
RT-PCRO|Y} real-time RT-PCR¥} &2 =
olg 29l FH2 5A iAol heslr] wiitel oY 7AW Adr|d
¥l31 9 tHWang®t Taubenberger, 2010). 2y} PCR 7]¥ ATHL B g Hx
_7‘0_;:1;_ ]710;5&1 b:_O_ U]7L ﬂ- Eo]Eg ;%‘— =l

A T T4 W eHdReRE 0FEHS st
2012; Tetzner, 2009). w&g}A 7]& PCR T FHE& FAeAAM oA 7S A
7171 $18ted, PCR #A ¢ d<ste A 7|5
= AES B2 o] PCR Ty Jldto] AlEgh AAolr). o] AFteA& o]ggh 8¢
, 719 297 (RT 2 PCR) RT-PCR %+ real time RT-PCRS 197 o)A

st 4= 9dE one-step RT-PCR X+ one-step real time RT-PCRE 7|ale] A& 34
Feshsbar, HEg 7]%5—?% Ak wake s WAE 4 A+ uracil DNA glycosylase
(UNG) Al&=Els A83te] 7|52 ¥ DNAS 294 93t 23& Adste] e AMFHEE =
o] aLz} s}gitt.

PCR XIehHol| A o] A= HAAAEE At HdAAFEH PCR A #AgoA A
d  glen, 53] o]de PCRe &3t 53% DNAS 4 £A17F 7Hd Alzket Aes ®
1% 31 9tH(Aslanzadeh, 2004; Kwok¥ Higuchi, 1989; Persing, 1990). wg}A o] <1749
M ol e PCReIA 7153 DNAS 23t o]z QI3 @535 WA8t7] §135te] UNG A
28-S =983t UNGE DNA 9719 =FYH uracil 9718 Adshs 7Fss 7HAAL 1o
H, RNAY 8% nucleotide A9 uracil 9715 Ad3dA = &=tH(Duncan, 1981). wa}
A PCR xlwl ofo] 23t¥ = dTTP tiilell dUTPE #H7tetel PCRE AAsHA =W F3¢
DNA w3 9] 312471 AFdell= dTTP di2lel dUTP7F #kelskAl ¥w, o]2{st DNA w3
UNGE HH&A17]H DNA 97| de] A= 7] witdd ths PCR 4ol 7153 ¥ DNA7F &

O:

2

to it Qb xo >

ALugE 9FES fuslx] A Fth(Aslanzadeh, 2004; Longo %, 1990). o] &0l A
e AT o]y A& o] &8l A|FXE PremixEs o] 802X 7|53 H DNAC L
2. el 9%

ot @ 5ES WAstaAl 3R o, o] 5 #H A AEFeNA} (swine influenza virus,
y )
o) e}
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AEE FAH ] gt} o]gd dPCR 7IHELS SAlo B A8 Agsor st 4E HY
A Aol A FutslA H-8¥ o] gkof(Bellstedt 5, 2010; Biswas &, 2014), A=z}
(Li®} Mustapha, 2002), B3 713 wlo]# 2~ (Cheng &, 2007), 1Z&F<MA} vlo]#] 2= (Song &,
2009) & At# s=9 BedAdE A or A8H v vk A#E= dPCRE 7|EE ©]
= e Aeddes AR TR0l ek AlEAds APHER AREste] H
o] FZa &S grste 3ol Tasith “EGP 7|Ed xFEo] e SFaATF A HH
el A th o] dAFedA = w9 ofe] 3t Al JEE A}
3 Az, B oA @At sk Al 7] E(NanoHelix, KoreaZ} 7Hd #gHst Ao
das At A 2 fAeA AEE SEJASZFAA vlel# s FE WeE RT-PCR ¥
RRT-PCR &l o]5 &3] dRT-PCR % dRRT-PCR 7I1EE 7f@tslarxl 33,

ol¢} HEo] E FAA a4 dF Ndg AGIES 2718 FUE F537] 95

A 2+ RT-PCR¥} real time RT-PCR A thy o]9] H: &
FrEgoz  ogs W dd S8 Ade T2THAEHE loop-mediated
isothermal amplification (LAMP) 7|¥& o]83F SIV ¥ ZF AZEFAA} vlo]#{ 2 (avian
influenza virus, AIV) Z&® 7S ALkt @A SIVEE AIVE 233 [AVe] gk A
5o+ RT-PCRe|Y rRT-PCR¥ & PCR 7|4F ZetHo] HHA A o2 AR %31 QTH(OIE,
2012; WHO, 2010). 18y} PCR 7|¥F et S 317ke] A8 e Ajeks dg 2 3v, &

e o] ZtFoxl HE AP Mnt &go] rhestrr A dRd Loy A A
o ® Abgstr]ol= Al Qo] gkt o2 PCR 7Iwk Xdy o] @S 55T 5 = W
oA 2

l

W Fo SR Notomi 5(20000& %& Sojwe}l UAEE AAUAE 5227 &
Lot Bx fHAE SEFF F e LAMP 7S JPESiSith o] LAMP 71
PCR 7]¥F Ak olA A}8EE= Tag DNA polymerase®t EE/AAE strand

displacement W2l o = SE T 4= J&= Bst DNA polymerased o] &30 =24 fF4
A TEZ g go] 55 ok E3F 7]£9] PCR 7| Adyats g 2% W3} gle 52
oA TR FFo] o] TR 7] wiitel HARAIFo] W= vk ofue} gt e
A 7ke] FH|RE Hhgo] Zhsolth wekA HiE IEAE B8 avbe] Aujep Aok 3 A9l
ol SR EXA] e AqfRe ey Y AdE so= I FEHYE g ddEd A
o2 dF¥rhDhama &, 2014). ©]#1g LAMPS 4ol wz} dA| LAMP‘: AAH o= T}
sk AR, 7IA8E 2 owlolele] Fwe dE] o] &Fa glow, FHAMES AFAIT]

o

RT-LAMP7} 7= A JAV & theddt RNA  nlo]g] 29 Fdte|: %%Em 21 tH(Dhama
5, 2014). ghmol A H: ol Foko] oy AFAEC] LAMP 7S WA de] &
23 Burt oy F2 A dWel A3 (Hwang %5, 2011; Koh %, 2013), Amdz}
(Cho &, 2013), Wl*d+t(Dong &, 2014)°l sl A &0} gttt wlolg =4 Ao s A]
= 7} F9(Cho %5, 2005), FZFEolaH (Yoo 5, 2012)o] Z&¥ nvpr} glor} ofA 1AV
ko= A&H vp7t A9 gle Aoz Fotym, o] AFoA SIVe g RT-LAMPE
g3t o & F3tel FF LAMPZF =u] 598 Fofd A thefst vholg 4 Ao Xt
&= AVI7F 2 Aot

b 2 AFHAAE VEe] ' JAETFAA vlelgs dwiowr 4y &8
RT-PCR % real time RT-PCR 7|H¥<& 7H/}j6}ﬂ, 1)

direct3} 3t o, H G ow gy
QT el vhol# s ehy Auke] A ALL
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SR W ARY]E el #889th B AAE Fole] BEH APAIE S B QT
FalA vholelze] EEHQ Aek ¥ welol 2 JolF F A Ao JlgHn

1. 55 AEFAA vlolygd A EF 7E 8 pan-side RT-PCR 7| E 7|
2 1 EFAA AEIAGTNE

Al B}o]l# 2~ @ Swine influenza virus subtype H1, H3 % pandemic 2009 HIN1

- A H}O]EV\’E— T AFAAFT(0IE) 9] 3 WHel Toto] dSghol Fsko] njefgt
=, AT SHTES AXSt] A7FE 538 v, AlE Xﬂ%ro}?’i‘:}.

(3) ME Hx . EE— SIVE H=E3sleE 3% primer set®t H1, H3 % pandemic 2009
HIN1 o}38 HA=E8 primer set® <Y RT-PCR ZHdoA TA A=Y = A=
multi-tube RT-PCR 7]1E 7h4

(4) RT-PCR %74 &H

(7 RNA F% @ Al RNA F=7]E

(W) Primer A 2 Az Bo|dor FEE 4 Q= primer setE Adel7]
2009~2012\ Atolol Genbankel] &%5¥ HEE &&sto] BE SIV o}F &
+ Y= &% primer set(ComF-ComR), pHIN1 wlo]H A5 F2& 4= = primer
set(NFF-NFR), H1 o}&d& Soldo = FH% 4 U= primer set(SHIF-SHIR) 3
H3 o}l& S Eoj¥ oz F23 4= 9l primer set(SH3F-SH3R)S A Ag (Table 1).

- A7 primer setd &8AS AZFs7] Y3t NCBIo| 553 d7|ME AHE W3

U, in silico PCR Z&2IE o]&ste] gud g A7|4d ] 53 AT E
(PSR)S xA}E91S-. 1 A3, /WE primer set®] PSRE 99.7-100%% 53 Ao
2 gl

2

—

[
=

C o\ X

)

Table 1. Primer sets used in the RT-PCR for the detection of SIV

PSR
Target| Name Oligonucleotide sequence Size(bp)| Reference | (No. of succeed/
. tested sequence)?
Matrix ComF |5 -ATGAGYCTTYTAACCGAGGTCGAAACG-3’ 949 Shin et al. 100%
ComR | 5" -TGGACAAANCGTCTACGCTGCAG-3’ (2011) (6871/6871)
Matrix NFF |5 -GGAGGTGTCACTAAGCTATTCA-3’ 459 Shin et al. 100%
NFR |5 -CCCAATGATATTTGCTGCAATG-3’ (2011) (4674/4674)
HA SHIF | 5’ -CAGTRTCATCATTTGARAGRTT-3’ 975 this study 99.7%
SHIR | 5'-GTCCAGTARTAGTTSATTCT-3’ (5341/5359)
HA SH3F | 5'-CCTCGRGGTTACTTCAAAAT-3 608 this study 100%
SH3R | 5’-CCATRTCCTCAGCATTTTCC-3’ (2145/2145)

? The predictive success rates (PSRs) of the RT-PCR primers sets were calculated by a web-based in silico PCR
program based in the Influenza Sequence Database between 2011 and 2016

(t}) RT-PCR wkg A : Al#&7]E(incloneA}, one-step RT-PCR 7] E) A&



A F =X <Z} primer &%
template 5 ul
2X reaction

12.5 ul

buffer - SIV&%(Com): 2.5p, NF: 4.7p,
enzyme 1 ul H1o}3(SH1): 34p, H3o}3(SH3): 34p
primer(F/R) 7+ x ul
D-W to to 25 ul

(2})) RT-PCR wr&=z=7

l

Step RT-PCR Cycle

Temp Time Cycle

cDNA synthesis 50T 30 min 1 cycle

Initial inactivation 95T 15 min 1 cycle
Denaturation 94°C 30 sec

Annealing 55T 60 sec 35cycle
Extension 72T 90 sec

Final Extension 72°C 5 min 1 cycle

(1)) RT-PCR®] Eo|% 2 w7ty AR

O Eelx #H5 :SIV HINI1, HINZ2, H3N2 % pandemic 2009 HIN19] uv}o]e] 2 gl
o] -] RNAZ %Z3} t}S, RT-PCRS A3 A3, 7} primer set7} a3 Hho]e] 20
g SolHow weghe elak &(Fig. 1),

A, Cormrmon i B. Pandemic 2009 H1MN]1 specific primer
Lo H 2 3 & 5 B 1 2 3 < 5

=45 sy

. Subtype H1 specilic primer (H1) Lk ""aul‘ﬂyﬁﬂ H3 S ifig P (H 3)

A 1 2 1 2 e 1 - ] - 5

G
=3T5bo

E. BMultiples primer
L% i 2 5 L 5

Fig. 1. Specificity of the RT-PCR for the detection of swine influenza virus
(SIV) subtype H1, H3 and pandemic 2009 HIN1 (pHIN1) by single (A-D) or
multiplex RT-PCR (E). Lane M; 100bp DNA ladder, Lane 1; SIV HINI1, Lane 2;
SIV HINZ2, Lane 3; SIV H3NZ2, Lane 4; pHIN1, Lane 5; mixed viruses.

@ WRE A% 2 vpolel s wlFde] tiste] HAS AAate] wolez 7S gujz X
g3, o= 4HH¢F AN vk, 74 Mol FEFE RNAY Histhe]
AEAAS A3 A3}, 7 vpole]~d= HIND obd2 277 HA,



HIN2 o}3& 275 HA, H3N2 o}3g< 2% HA, 28]3 pHIN1 o8 277 HA 7}A] 9
galA Bzo] 7hEsld o, 5% FAl Hlolgla EA RS Ao E wlold
2o g RT-PCR Z3¢t ¥ zlo] glo] 27° HAZIA Eolmi=r} gelx 2l S(Fig. 2).

A HINI B HINZ
X1 | i " 3 -] 7 T AT i 2 i 3 * & r s

T H3N2 1. Pandemde 2009 HINI
5 Mg 3 ' i s B8 7w

il Aficed vewsrs

Fig. 2. Sensitivity of the one-step multiplex RT-PCR for the detection of swine
influenza virus (SIV). A to E correspond to SIV subtype HINI1, HINZ2, H3NZ2,
pandemic 2009 HIN1 and mixed virus samples, respectively. Lane M; 100 bp
ladder, Lane 1-7: serial dilutions (2°, 2', 277,27, 27, 277 and 277 HA/25ul) of
cultured influenza viruses, respectively. Lane NC; negative control.

(1} UNG (uracyl DNA glycosylase) A28l =7 3

@O dUTPe HA Hrtsx= AA premixoﬂ dATP, dCTT ¥ dGTTe HE+ 2.5mM=
AATYG 3, dTTP dUTPY HE sE+ 2.5mM= 3% dTTPe dUTPe HI &S
2.5/0mM(5:0), 2.0/0.5mM(4:1), 1.5/1.0mM(3:2), 1.0/1.5mM(2:3), 2.0/0.5mM(1:4)
2 25/0mM(5:0) HE&2 2Ast] H7bsk oS, RT-PCRE AAsle] ZZggd o
Fs FA FE HA vES g% Ay}, dTTP9 dUTP| H]&e] 1.5/1.0mM(3:2)
d o HAe] 9bg-& YEPHS 15 S

@ UNGY ##A &%= AA : dPCR premixo] UNGZ 5unit, 2.5unit, lunit, 0.5unit,
0.1unit® Z#3}o] RT-PCRS 2 A]sle] PCR HWHgo] HJdS FA FomM: QA4
71 7153 DNA°] tja] ¥hg& do7]#] &+ AA UNG v%5&5 wxtgAs A,
UDGE lunit #A7FstS o wift=el] 33 mX A FoWA 7|53 DNAJ 23 o
SEo] dojubA] It

@ UNG Alz=gle] #iteqd W= a3 g2l @ uPCRE &3sle 7] S%% DNAE
Nanodrop lite(Thermo Scientific, USA)Z A3t t}L 20ng/ulol A 10pg/ul &%
3| AstglaL, o] 3Aels UNGE 483 premix® UDGE 4 &38HA &2 premixol
7bzy J7bek v e 27 0% PCRE AAlste] Ho] MiE FZ% oRE g% 4
7, A3}, UNG Al2=H 1& premix = RT—PCR—O— A 9ol 29%E DNAC



RT-PCR applied UDMG system RT-PCR non-applied UDG svstem

M 1 2 3 4 5 1 2 3 4 5

Fig. 3 Prevention effect of the DNA carryover contamination in the developed
one—step multiplex RT-PCR without UNG system (A) and with UNG system (B).
Lane M; 100bp ladder, Lane 1-5; RT-PCR results with each premix incorporated
with pre—amplified SIV DNAs by the developed RT-PCR as a different
concentration of 20ng, 10ng, 1ng, 100pg and 10pg/ul, respectively.
(Ab) Direct RT-PCR9] ¥17t&= W]l : 7} njo]g| v of thated HAE AAISte] Hlol
A 971E 2% 2A4Ea, o5 8ulS GAFNF v, 7 YN FEH
RNA®] théete] RT-PCRS AAlste] AZ§AZS 2613 23}, commonolHE= 27°
HA, Subtype H1olA+= 27° HA, Subtype H3914+= 27° HA, Pandemic 2009 HIN1
ol 270 HAZFA Solml=r} 815 9l & (Fig. 4).
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A. Common primer B. Subtype H1 primer (H1)  C. Subtype H3 primer (H3) D. Pandemic 2009 HIN1 primer
M1 2 3 4 5 6 M1 2 3 4 56 M1 2:3 & 5§ 8 M1 2 3 4 56

—608bp
— —452bp
—242bp

Fig. 4. Sensitivity of the one-step mult—tube direct RT-PCR for the detection of swine
influenza virus (SIV). Lane M; 100 bp ladder, Lane 1-5: serial dilutions (2°, 2°, 2°, 279,
27% HA titer) of cultured influenza viruses, respectively. Lane 6; negative control.
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primer set(AH7F-AH7R), H9o}
primer set(AH9F-AHIR)S A ASt (Table 2).
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Table 2. Primer sets used in the RT-PCR for the detection of AIV and NDV

PSR
Target Name Oligonucleotide sequence Size(bp) | Reference | (No. of succeed/
tested sequence)’
) ComF 5'-CTAACCGAGGTCGAAACGTA-3 ) 100%
Matrix 214 this study
ComR 5 -TGGACAAAKCGTCTACGCT-3’ (12572/12576)
AHbSF 5'-CGCTCCWGAATATGCRTACAA-3’ 99.9%
H5 831 this study
AHb5R 5'-AGACCAGCYAYCATGATTGCC-3’ (3992/3997)
AHTF 5'-CAGCTCTGATAATHTGGGG-3’ 99.6%
H7 561 this study
AH7R 5 -TCYCCTTGTGCATTTTGATG-3’ (1721/1729)
AH9F 5 -AAAGAATTGCTCCACACAGAGC-3 99.9%
H9 301 this study
AH9R 5 -AATGAATCTGAACATGCTTTGC-3 (3258/3261)
NDV ComF | 5 -AGCTGCAGGGATTGTGGT-3’
F 443 this study -
NDV ComR| 5 -ACAAAYTGYTGCATCTTCCC-3’
NDV NPF | 5'-AAGGAGACRRAAACGCTTC-3’
F 224 this study -
NDV NPR | 5 -ACAAAYTGYTGCATCTTCCC-3’

* The predictive success rates (PSRs) of the RT-PCR primers sets were calculated by a web—based in silico PCR

program based in the Influenza Sequence Database between 2011 and 2016

(th) RT-PCR wk& %A : A7) E(incloneA}l, one-step RT-PCR 7]E) A&
A oF ZA <Z} primer %>
template 5 ul
2 ti _
bxﬁ FEACton | 05w | - AIV 2E(Com): 3p, H50F8 (AH5): 3p,
r ) )

— H70} (AH7): 9p, HIoHE (AH9): 20p
enzyme 1 ul e . 2 ¢ 4 _
orimer(F/R) 2 xul - NDV &-&(Ncom): 5p, ¥4 NDV(NP): 10p
D-W to to 25 ul

(2}) RT-PCR wrg=x=H4
Ste RT-PCR Cycle
P Temp Time Cycle

cDNA synthesis 50C 30 min 1 cycle

Initial inactivation 95C 15 min 1 cycle
Denaturation 94C 30 sec
Annealing 55T 60 sec 35cycle
Extension 72T 90 sec
Final Extension 72°C 5 min 1 cycle




(")) RT-PCR2] Eolx o w7+ % 714

@O Solx= 73 1 AIV H1~H12 ©}3 Z NDV ujo]eix njjdl
RT-PCRS A A&te] 2z} primer7} a9 ulo]e] 2ol o3 A )
3 A3}, 7} primer set’} @ wpolgl Adut Eolz o g wLaS 3033 S(Fig.
¢+ 6).

A. Common primer B. Subtype H5 specific primer (H5)
M 1 2 3 4 5 65 7 8 9 101112 1314 15 16

M 1 2 3 4 5 6 7 & 9 10 1112 13 14 15 16

—831bp

—214bp

C. Subtype H7 specific primer (H7) D. Subtype H9 specific primer (H9)

M 31 2 3 4 5 6 7 8 9 10 1112 1314 15 16 M 1 2 3 4 5 6 7 & 9 101112 1314 15 16

~5&1bp
—301bp

E. Multiplex primer
M 1 2 3 4 56 7 B 9 10 1112 1314 15 16

—831bp
—561bp
—301bp
—214bp

Fig. 5. Specificity of the RT-PCR for the detection of avian influenza virus (AIV)
subtype H5, H7 and H9 by single (A-D) or multiplex RT-PCR (E). Lane M;
100bp DNA ladder, Lane 1; AIV HINI1, Lane 2; AIV H2ZNZ2, Lane 3; AIV H3NS,
Lane 4; AIV H4N6, Lane 5; AIV H5HN3, Lane 6; AIV H6NDS, Lane 7; AIV H7NI,
Lane 8; AIV H8N4, Lane 9; AIV H9NZ2, Lane 10; AIV HION7, Lane 11; AIV
H1IN6, Lane 12; AIV HI12N5, Lane 13; RA, Lane 14; DHV, Lane 15;
NDV(lasota), Lane 16;NDV(Kyojungwon).

A. NDV Common primer B. NDV pathogen primer
M 1 2 3 4 5 6 7 8 9 101112 1314 15 16 M i 2 3 4 5 6 7 8 9 101112 1314 15 1§

—443bp
—224bp

C. Multiplex primer
M 1 2 3 456 7 8 9101112 1314 15 16

—443bp
—224bp

Fig. 6. Specificity of the RT-PCR for the detection of Newcastle disease virus
(NDV) by single (A, B) or multiplex RT-PCR (C). Lane M; 100bp DNA ladder,
Lane 1; AIV HINI1, Lane 2; AIV H2NZ2, Lane 3; AIV H3NS8, Lane 4; AIV H4N®6,



Lane 5; AIV H5N3, Lane 6; AIV H6Nb5, Lane 7; AIV H7N1, Lane 8; AIV H8N4,
Lane 9; AIV H9NZ, Lane 10; AIV H1ON7, Lane 11; AIV H1IN6, Lane 12; AIV
H12N5, Lane 13; RA, Lane 14; DHV, Lane 155 NDV(lasota), Lane 16;
NDV((Kyojungwon).

@ WAE AF 17 wtoled s wigkele] tate] HAZ AAlske] whole 2 97hE gujm &
gagla, olF 4ilF wANNE B, 24 ANl FHE RNAY dhste]

RT-PCRE A8t AEFAE st Ax, 7t wlolgjxdze 15 oL 27
HA, H7 obg2 27 HA, H9 ol@2 2" HAZMA W&l Soi=gs esls
(Fig. 7).

A. H5 B. H7

—831bp
—561bp

—214bp —214bp

—394Bg

Fig. 7. Sensitivity of the one-step multiplex RT-PCR for the detection of avian
influenza virus (AIV). A to C correspond to AIV subtype H5, H7 and H9
samples, respectively. Lane M; 100 bp ladder, Lane 1-7: serial dilutions (2°, 2%
2% 2° 272 27 and 27° HA titer) of cultured influenza viruses, respectively. Lane

8, negative control.
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g o, @S ARNES AAlEte A7FE SA e o, Aldel AlEsilS.
(3) /ML EF 0 EE AIVE A=E3E &% primer set9t H5H, H7 ¥ H9 o}d #HE=&
primer set, ~22]3 DHV % RA & primer setZ ©o]&3}o] YU RT-PCR ZHoA &l
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(7 RNA F% @ Al RNA FE71E
(L)) Primer A4 2 AF : EolHoz ZE3 4 X primer setS Aursly] 9151
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primer set(AHS5F-AH5R), H79}
set(AH7F-AH7R), H9¢}¥ & 5olxom FET + 3l
< AA3H(Table 3).

- A7 primer set®] @84S HZ3st7] fste] NCBIo| s5% G744 AHE S
U, in siico PCR ZEIHE o]gste] grE g A7|Md v FF A
(PSR)S xAteQle. L A3, /I¢E primer set®] PSRE 99.6-100%% -3¢
2 g4,

ot
o
Jm
-0,
o~
o
il

=% 4 3+ primer
T
e

primer set(AH9F-AHIR)

Table 3. Primer sets used in the one-step multiplex RT-PCR primers for the detection of
AIV, DHV and RA

PSR
(No. of
Target Name Oligonucleotide sequence Size(bp)| Reference succeed/
tested
sequence)’
Matr ComF | 5’-CTAACCGAGGTCGAAACGTA-3 214 this stud 100%
A ComR | 5-TGGACAAAKCGTCTACGCT-3' S (19572/12576)
HA AHS5F | 5’-CGCTCCWGAATATGCRTACAA-3’ 831 this stud 99.9%
AH5R | 5'-AGACCAGCYAYCATGATTGCC-3' B (3992/3997)
HA AHT7F | 5’-GARAATGCTGAAGAAGATGG-3 078 this stud 99.6%
AH7R | 5’ -CAAATRGTGCACTGCATGTT-3 15 SHay (1721/1729)
AHOF | 5’-AAAGAATTGCTCCACACAGAGC-3 ) 99.9%
HA ; ; 437 | this study
AHO9R | 5 -AATGAATCTGAACATGCTTTGC-3 (3258/3261)
DHVF | 5'-GAAAGAAGGAGAAAATYAAGGAAGG-3’ Kim et al.
polyprotein 470 (2008) -
DHVR | 5'-GGTTGATGTCATATCCCAAGACAGC-3’ .
modified
triphosphate| RAF | 5'~ATTCCCTTCGGACCATAGAT-3’
pyrophosph 294 | this study -
atase RAR | 5'-TCATCTAGCAGTGAGTGTACAT-3

% The predictive success rates (PSRs) of the RT-PCR primers sets were calculated by a web-based in silico PCR

program based in the Influenza Sequence Database between 2011 and 2016

(th RT-PCR ¥F&- A @ A|F7] E(optigenit, Isothermal Master Mix 7] E) A&

Ak =% <7} primer %>
template 5 ul
2x - reaction | ) o |- AIV E(Com): 3p, H50HE (AHB): 3p,
ouer H70}(AHT): 9p, HIoFF(AH9): 20p
enzyme 1 ul . .
primer(F/R) 7t x ul - DHV: 10p, RA: 10p
D-W to to 25 ul

() RT-PCR ®H&21



Step RT-PCR Cycle
Temp Time Cycle
cDNA synthesis 50C 30 min 1 cycle
Initial inactivation 95C 15 min 1 cycle
Denaturation 94°C 30 sec
Annealing 55T 60 sec 35cycle
Extension 72°C 90 sec
Final Extension 72C 5 min 1 cycle
(")) RT-PCR®] Sel&= 3 Wit 4174

- AIV H1~H12 °}& ¢ A
stelm, e8] Fohsle
= AFE AN,

@ o= W% : DHV W%l % RA WFFOZHE RNA 2 DNAE F5% 0,
AV} Y3 2102 RT-PCRE AHAste] Ho|wE &1 A3}, 7} primer set’}
A mpole) 2ol u HolH o NP FAHAL(Fig. 8).
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A. DHV primer B. RA primer

M 1 2 3 4 5 6 7 8 9101112 1314 15 16 M i 2 3 4 5 5 7 8 9 101112 1314 15 18

—470bp
—294bp

C. Multiplex primer

M 1 2 3 4 56 7 8 91011121314 15 16

—470bp
—294bp

Fig. 8. Specificity of the RT-PCR for the detection of Duck hepatitis virus
(DHV) and Riemerella (RA) by single (A, B) or multiplex RT-PCR (C). Lane M;
100bp DNA ladder, Lane 1; AIV HINI, Lane 2; AIV H2NZ2, Lane 3; AIV H3NS,
Lane 4; AIV H4N6, Lane 5; AIV H5N3, Lane 6; AIV H6Nb, Lane 7; AIV H7NI1,
Lane 8; AIV H8N4, Lane 9; AIV H9NZ2, Lane 10; AIV HION7, Lane 11; AIV
H11IN6, Lane 12; AIV HI12N5, Lane 13; RA, Lane 14; DHV, Lane 15;
NDV(lasota), Lane 16; NDV(Kyojungwon).

Al m}o]l#] 2~ : Equine influenza virus subtype H3, H7

- A vpolH A5 AAFAAFH(0IE) 9] i Wl Eote] ISkl HEste] njeFet
O, d75HES At A7t S48 o, A Awsie
(3) /I 53X e EIVE AE3hs &% primer set®} H3, H7 o}3d =8 primer set
2 o]g3lo] i HAAES FU RT-PCR oA B4 #E3 4+ I multi-tube
RT-PCR 7| E 7yt



(4) RT-PCR %7 &4

(7 RNA 5% : A|& RNA FE7|1E

(L) Primer A4 2 A% : EolHoz ZE3 4 X primer setES Awrsly] 98}
2009~2012d Afelo] Genbankoll 55H HRE &8sl BE EIV oS T3
I AE FF primer set(ComF-ComR), H3E & Eo]¥ o Z£3 4= Q= primer
set(EH3F-EH3R), H7o}¥d & Soldox F%d 4 A+ primer set(EH7F-EH7R)&
AA7A1g (Table 5).

- A7 primer set®] @84S HAZE3s7] fste] NCBIY| s5% @744 ARE SR
U, in siico PCR Z21%& o]&sle] gny g Q7IAE db] T3% dEE
(PSR)E FA}st S, 1 A3, 7/1¢E primer set® PSRE 98.6-100%% -3+ Ao

2 g,

Table 5. Primer sets used in the RT-PCR for the detection of EIV

PSR
(No. of
Target | Name Oligonucleotide sequence Size(bp) Reference succeed/
tested
sequence)®
Matrix ComF | 5'-CTAACCGAGGTCGAAACGTA-3 014 this study 100%
ComR | 5'-TGGACAAAKCGTCTACGCT-3’ (155/155)
HA EH3F | 5-TATGAGAATTGGGACCTCTT-3’ 147 this study 98.6%
EH3R | 5-ATGCTTATCCTGCCTGATTG-3’ (73/74)
HA EH7F | 5-TGACATTTGCTATCCAGGC-3’ 478 this study 100%
EH7R | 5-GCCATTTATTTGCGGCCTTG-3’ (22/22)

? The predictive success rates (PSRs) of the RT-PCR primers sets were calculated by a web-based in silico

PCR program based in the Influenza Sequence Database between 2011 and 2016

(th) RT-PCR ®Wk&-ol A : A7) E(incloneAl, one-step RT-PCR 7]E) Al&
A ok zA <Z} primer ¥%>
template 5 ul
2x reaction
12.5 ul _
buffer - EIV #%%(Com): 5p, H3°}(EH3): 20p,
enzyme 1 ul H7°}8(EH7): 10p
primer(F/R) Z+ x ul
D-W to to 25 ul

(2h) RT-PCR whg-=31

Step RT-PCR Cycle

Temp Time Cycle

cDNA synthesis 50C 30 min 1 cycle

Initial inactivation 95T 15 min 1 cycle
Denaturation 94C 30 sec

Annealing 55T 60 sec 35cycle
Extension 72T 90 sec

Final Extension 72°C 5 min 1 cycle




D Eolx 7= : EIV H3N8, H7H79 wulole]x njddoix RNAZS F=3+ &
RT-PCRE AAI& A3}, 7t vlolgf 2o dja] oldow weds 3413 (Fig. 9).

A. Common primer B. H3 primer C. H? primer D. Multiplex primer

<520bp
. . !

Fig. 9. Specificity of the RT-PCR for the detection of equine influenza viruses
(EIV) subtype H3 and H7 by single (A-C) or multiplex RT-PCR (D). Lane M;
100bp DNA ladder, Lane 1; EIV H3Ng, Lane 2; EIV H7NT7.

@ N7A% AF ZF mpolglx wjkdo] thate] HAS A A)slo] nlolglx 7= 8wz =
AstRaL, ols 4u]4 GAEME g, 7 FMddA FEFH RNAY sk
RT-PCRS AA st A AE &8k A7, H3INgS HIN7 &3] 272 HAZA] ZE 9

A H3N8 B. H7N7

M 1 2 3 4 5 6 74 a8 M 1 2 3 4 5 6 7 8
—520bp .
—378bp
—214bp o14bp

Fig. 10. Sensitivity of the one-step multiplex RT-PCR for the detection of equine
influenza viruses (EIV) subtype H3, H7. A and B correspond to EIV subtype HS3,
H7 samples, respectively. Lane M; 100 bp ladder, Lane 1-7: serial dilutions (25,
ot 92 20 972 9™ and 2% HA titer) of cultured influenza viruses, respectively.

Lane 8; negative control.
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(4}) Primer AA 2 A% . Boldozr FHI 4 9lE primer setE ALs7] ¢
2009~2012Lﬂ Aol Genbankel] 5% AHAHE &8sl BZE CIV ol & 52
I Q= &% primer set(ComF-ComR), H38 S Eo]¥or FE3 4= Qli= primer
set(CHBF—CHBR), N2o}3g S Eolygorg FE3 4= 9l&= primer set(CN2F-CN2R),
Ngo}& S EolH o7 F3HT 4 9+ primer set(CNS8F-CN8R)= A ASH (Table 6).
- A7 primer set®] T84S HF3H7] ekl NCBIO 55% A7IAYE ARE dH
U, in siico PCR ZEIE o]&ste] grE g Q7ML ] % A3 E
(PSR)S ZAM8IS. 2 A3, /I2d primer set?] PSR 100%% $-53 o= &
Q.

7 _?L
e _Q
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Table 6. Primer sets used in the RT-PCR for the detection of CIV and FIV

PSR
(No. of
Target | Name Oligonucleotide sequence Size(bp)| Reference succeed/
tested
sequence)®
Matrix |COME | 5'-CTAACCGAGGTCGAAACGTA=3" |, " [ .~ 100%
X T ComR | 5 -TGGACAAAKCGTCTACGCT-3’ S S 119/119)
1a | CHSE| 5'-ATCAAATTGAGGTGACCAAC=3"| [ .~ 100%
CH3R| 5-GGTGATGAACTCCCCAAATG-3 Y (84/84)
nA  |CN2F [ 5-TCCGTTTCATTTGGGAACC-3" [, | .~ 100%
CN2R| 5 -CTCCCTGACAATGGGCTAA-3’ S Study 61/61)
NA  |CN8F [ 5'-AGGATCGAAGTCCGTATAGG=3"| |\ | . 100%
CN8R| 5-CCTGTGACTCCAACTGTCAT-3’ Y (74)74)

? The predictive success rates (PSRs) of the RT-PCR primers sets were calculated by a web-based in silico

PCR program based in the Influenza Sequence Database between 2011 and 2016

(t}) RT-PCR wkgo A : Al&7]E(incloneA}, one-step RT-PCR 7] E) A&

A oF ZA <Z} primer %>
template 5 ul
2x reaction
buffer 125 ul | o1y #2(Com): 5p, H3oHA(CH3): 5p,
enzyme 1 ul N2o}3 (CN2): 5p, N8o}&(CN8): 10p,
primer(F/R) 7} x ul
DW to to 25 ul

(2})) RT-PCR wr&x7

Step RT-PCR Cycle
Temp Time Cycle
cDNA synthesis 50C 30 min 1 cycle
Initial inactivation 95C 15 min 1 cycle
Denaturation 94°C 30 sec
Annealing 55T 60 sec 35cycle
Extension 72T 90 sec
Final Extension 72C 5 min 1 cycle

(") RT-PCRe] Solk& 2 wzte 74



O Eolx #AZF : CIV H3NK, H3N29 nlo]#{x o] RNAES F=3F TS,
RT-PCRS A8t 7} wlolgfzol] tfs] EHoldo=z dbgsl=x] &3 Az 2zt
primer set’} 3| vlolg] 2o gk Eo] A o2 wtkS-eS o1& UL (Fig. 11).

A. Common primer B. H3 primer C. N2 primer D. N8 primer D. Multiplex primer
M d M M1 2

—458bp

i | =i

—a58pp [
—214bp

Fig. 11. Specificity of the RT-PCR for the detection of canine influenza viruses
(CIV) subtypes by single (A-C) or multiplex RT-PCR (D). Lane M; 100bp DNA
ladder, Lane 1; CIV H3N8, Lane 2; CIV H3NZ.

@ W= AF Zf volel s wjgde] diste] HAE AAlste] nlolg] s o7tE 8Hl=E %
Aadal, olg 4ulg aAgNEd e, 7 XA FEF¥ RNAol U3k
RT-PCRS 2Al8te] HAE3AS 2913 23}, 72+ mpoleja¥ 2 H3NSL 27 HA,
H3N2 olge 2° HAZMA AE8S 29138 (Fig. 12).

’_’ﬁﬁb —314bp
s 41Bp —214bp

Fig. 12. Sensitivity of the one-step multiplex RT-PCR for the detection of canine
influenza viruses (CIV). A and B correspond to CIV subtype H3N8, H3N2 samples,
respectively. Lane M; 100 bp ladder, Lane 1-7: serial dilutions (2°, 2* 2% 2° 272
2% and 27° HA titr) of cultured influenza viruses, respectively. Lane 8; negative
control.

vl QAEZF <A} vpolej 2 HA o}y 48 RT-PCR dq /g
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(1) RNA 5% : A% FZ7]E o] &
(2) Primer AA 2 A : Ho|Hoz FExst pr 3}
2009~2015 Alo]o] Genbankel S=%¥ AREZ Z8&3to] HA o}d 165 S Eo|3 o
2 FE3 ¢ 9= 21719 primer set A A (Table 7).

- A7 primer set®] &84S ASsH7] H13t] NCBIY| 5% H7IAE AHE
U, in siico PCR ZZ13H& o]&3te] gHH 8H% A7IME bl T
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Table 7. Primer sets used in the one-step multi-tube RT-PCR for HA subtyping



PSR

(No. of
Name Oligonucleotide sequence Size(bp) Reference succeed/

tested

sequence)®

H1F 5 -CAGTRTCATCATTTGARAGRTT-3’ 375 this study 100%
H1R 5 -GTCCAGTARTAGTTSATTCT-3’ (9993/9995)
H2F 5 -CCAGGCAGTTTCAATGATTATG-3’ 181 this study 100%
H2R 5 -TCTTTGTMARCCAGACCATGT-3’ (133/133)
H3F 5 -GACTGCACACTRATAGATGCCC-3’ 915 this study 99.6%
H3R 5'-CCCATTYTGAGTGACTCCTGTCC-3’ (11081/11122)
H4F 5 -TAYCCATTTGATGTGCCAGAT-3’ 961 this study 100%
H4R 5 -GATGAACTCCCCAKATGTAAAGC-3’ (455/455)
H5F 5 -CCGCAGTATTCAGAAGARGCAG-3’ 139 Tseng et al. 99.9%
H5R 5'-AGACCAGCYAYCATGATTGC-3’ (2014) (1861/1862)
H6F 5 -AGAATTGATTATTACTGGTCTGT-3’ 047 this study 99.6%
H6R 5 -ACATATTTGGGGCATTCTCC-3’ (254/255)
H7F 5 -GGCAACAGGRATGAAGAAYGTTCC-3 97 Tseng et al. 100%
H7R 5 -CAATCAGACCTTCCCATCCATTTTC-3’ (2014) (1005/1005)
H8F 5 -ATTGGAACTGCGAGACTGCA-3’ 936 this study 100%
H8R 5 -CAGAGCTAGTCACATTCCA-3’ (4/4)
H9F 5 -CACATGCCAAAGAATTRCTCCC-3’ 165 this study 99.9%
H9R 5 -CTTTCRACRATGTAGGACCATT-3 (2473/2476)
H10F 5 -ATAGAAAAYGGATGGGAAGG-3’ 300 this study 100%
H10R 5 -GTCAATTGTRTGCTGATTTTCC-3’ (334/334)
H11F 5 -GGAAATGGGAAAYTGTTCAG-3’ 410 Kenji et al. 100%
H11R 5 -AATTCRTGTTGHAYAGACTC-3’ (2011) (123/123)
H12F 5 -CTAGTGCTCGATGACTGTTC-3’ 905 this study 100%
H12R 5 -TCAAACATCTTCACTCTTTCA-3’ (17/17)
H13F 5 -AACCACACAGGAACATATTG-3’ 995 this study 100%
H13R 5 -AGATYTGATTCCACTGAACA-3’ (83/83)
H14F 5 -AATGGTTGGCAAGGCCTGA-3’ 308 this study 100%
H14R 5 -TCGGAGTCTGTAACATCTAT-3’ (8/8)
H15F 5 -AACCAGGTGTTCCCACAACT-3’ 067 this study 100%
H15R 5 -ATGAATGCACCATTGAAGGTAA-3’ (1/1)
H16F 5 -GCAGACAAAATATGCATAGGR-3’ 990 this study 100%
H16R | 5'-TGTTGATGTTGGTGGCACAG-3 (82/82)

? The predictive success rates (PSRs) of the RT-PCR primers sets were calculated by a web-based in silico PCR

program based in the Influenza Sequence Database between 2011 and 2016

(3) RT-PCR yFgol %4

Ak B
template 5 ul
2X reaction

12.5 ul
buffer
enzyme 1 ul
primer(F/R)(10p) Z+ 1 ul
D-W to to 25 ul

(4) RT-PCR #hg-=71

: Al#7] E(incloneX}, one-step RT-PCR 7| E) Al-&




Step RT-PCR Cycle

Temp Time Cycle

cDNA synthesis 50T 30 min 1 cycle

Initial inactivation 95T 15 min 1 cycle
Denaturation 94C 20 sec

Annealing 55T 20 sec 35cycle
Extension 72T 30 sec

Final Extension 72°C 5 min 1 cycle

(Vb Bol= T : AIV HI~H12 type?] wlolgjx ujFdo]r RNAE . |
RT-PCR& A8kl 7p wpole} ol wis] SolA o= nhgsh=x gt A, 7
primer set'd = 7} ofgol] So]How wh3-gh3 &g (Fig. 13).
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Fig. 13. Specificity of the RT-PCR for HA subtying of avian influenza viruses
(AIV). Lane M; 100bp DNA ladder, Lane 1; AIV H1, Lane 2; AIV H2, Lane 3; AIV
H3, Lane 4; AIV H4, Lane 5; AIV Hb5, Lane 6; AIV H6, Lane 7; AIV H7, Lane 8;
AIV H8, Lane 9; AIV H9, Lane 10; AIV HI10, Lane 11; AIV H11, Lane 12; AIV

Ea)

Ab AEFAAF vho] 3 & NA oFf 48 RT-PCR x&H 7N
1 Z Tz} nfolg] 29 NA o}d 9% 7+

(1) RNA F= : A3 FF7|E o] &

(2) Primer AA % Az :Eo|A o7 ZFE3 4 9= primer setE AEs7] 98k 2009
~2015d Abo]o] Genbankd] TFH HEZE F8&3lo] HA o}d 16FS Eolxow &

o

o
Z3 = 9l Z+7+9] primer set AAE (Table 8).



- A7 primer set?] 84S HAS3H7] fst] NCBIo| 559 |7IA4E ARE &
U5, in silico PCR Z2I3HS o]&ste] gre g d7IAE dv +%F A
(PSR)S =AERS. L 23, /¥ primer set®] PSR 99.9—100%f—i gk
= s,

(3) RT-PCR ®¥b-gol zA : A|#7]E(incloneX}, one-step RT-PCR 7] E) A&

Al oF x4
template 5 ul
2X reaction

12.5 ul
buffer
enzyme 1 ul
primer(F/R)(10p) ZF 1 ul
D-W to to 25

Table 8. Primer sets used in the one-step multi—-tube RT-PCR for NA subtyping

PSR
Name Oligonucleotide sequence Size(bp) | Reference | (No. of succeed/
tested sequence)’

N1F 5 -TAGACTGCATGAGGCCTTGCTTCTG-3’ 137 Huang et 100%
N1R 5 -CACCGTCTGGCCAAGACCAACCTAC-3’ al. (2013) (7519/7521)
N2F 5 -CAAACAAGTGTGCATAGCAT-3 . 100%

; - 222 this study
N2R 5'-CTTCCATCAGTCATTACTAC-3 (12173/12175)
N3F 5 -ATGACAGACTCCATTAAATCATG-3’ 056 Tseng et 100%
N3R 5 -TCCAATTGTCCCTACATATRCAGT-3 al. (2014) (420/420)
N4F 5 -ATTATGCGAACACAAGAGTC-3’ . 100%

- - 271 this study
N4R 5'-GGTAATCAAGATCACTGTTGAA-3 (40/40)
Nb5F 5 -CAATGAAACTGTRAGGCTGGA-3’ ) 100%

; - 160 this study
Nb5R 5-ATTCTGATTCCATTGTCCTTG-3 (78/78)
N6F 5 -TGTGAAGTAAACTCATGGCA-3’ i 100%

; - 179 this study
N6R 5 -GTCATGTATAGTCCCATTTGC-3 (723/723)
N7F 5 -AGCCAAGTATGTTTGGTGGA-3’ ) 100%

- - 108 this study
N7R 5’ -GAAAAGTATTGGATTTGTGCC-3 (194/194)
N8F 5 -AGGGAATACAATGAAACAGT-3’ i 99.9%

- - 244 this study
N8R 5'-GGAAGAACGTCCTGCACTC-3 (725/726)
N9F 5 -ATCGTATTAAACACTGACTGGAGTG-3’ 171 Huang et 99.9%
NI9R 5 -ATTCTGTGCTGGAACACATTGATAC-3 al. (2013) (774/775)

? The predictive success rates (PSRs) of the RT-PCR primers sets were calculated by a web-based in silico PCR

program based in the Influenza Sequence Database between 2011 and 2016

(4) RT-PCR ®¥h&g=x71



2.
7. A

Step RT-PCR Cycle
Temp Time Cycle
cDNA synthesis 50T 30 min 1 cycle
Initial inactivation 95T 15 min 1 cycle
Denaturation 94C 20 sec
Annealing 50T 20 sec 35cycle
Extension 72T 30 sec
Final Extension 72°C 5 min 1 cycle

(5) RT-PCRY] 5olx % wE HA

) Eelm HF : AIV NI-N9 typed] wholezs wjfoleld RNAZ F&% b,
RT-PCRE A3t 7} wpolejzo] o} Soldoz wsshr g Ash, 7

h R
primer set¥ = Zt ool SolHom whge5 I8kl =(Fig. 14).

s FFerrar2 s

Fig. 14. Specificity of the RT-PCR for NA subtyping of avian influenza viruses
(AIV). Lane M; 100bp DNA ladder, Lane 1; AIV N1, Lane 2; AIV N2, Lane 3;
AIV N3, Lane 4; AIV N4, Lane 5; AIV Nb5, Lane 6; AIV N6, Lane 7; AIV N7,
Lane 8; AIV N8, Lane 9; AIV NO9.

& <

(3

2z} vroly A A 7HH{ pan-side real time RT-PCR 7]1E /)¢
Z 2=} (SIV) I&E real time RT-PCR 7]1E 7R
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(1) H45&  #A

(2) RRT-PCR =74 &

(7H RNA F= @ A& RNA F=71E

(1) Primer, probe A7 9 A%} @ Ho|Ho=w FZEI 4~ 9l primer, probe setd Al
371 9138kl 2009~2013 Afo]ol Genbankel] &% HHE &85t B SIV of

HS FZe 4 9l FF primer, probe set(RComF-RComR-RComP), pHIN1 H}

%3 4 l¥ primer, probe set(RNFF-RNFR-RNFP), H1¢}& & 5ol 4

9+ primer, probe set(RSH1F-RSH1R-RSH1P) ¥ H30}& & Eo]

Z3 4 9 primer, probe set(RSH3F-RSH3R-RSH3P)& A7 8%

Table 9. Primer sets used in the one-step multi—tube real time RT-PCR for the
detection of swine influenza viruses

Target| Name Oligonucleotide sequence Size(bp) Reference
RComF | 5'-AAGACCAATCCTGTCACCTCTGA-3’
Matrix | RComR | 5'~-CAAAGCGTCTACGCTGCAGTCC-3’ 104 Shin et al. (2011)
RComP | 5'-TTTGTNTTYACGCTCACCGTGCC-3’
RSHI1F | 5'-CAGGGATCAGGMTATGCWGC-3’ Malliga et al.
HA |RSHIR | 5-GTGGYTGAATTCTTTRCCYACT-3’ 129 (2010)
RSH1P | 5-ACACAGAATGCCATTGACG-3’ modified
RSH3F | 5'-TGCTCCTCGRGGTTACTTCA-3’
HA | RSH3R | 5’ -ATTCCGCATCCCTGTTGCCA-3’ 211 this study
RSH3P | 5'-AATGAGATCAGATGCACAC-3’
RNFF | 5 -AGGAGGTGTCACTAAGCTAT-3’
Matrix| RNFR | 5’'-GTAGTAGCCATTTGTCTGTGAG-3’ 165 this study
RNFP | 5 -ACTGGTGCACTTGCCAGTTG-3’

(t}) real time RT-PCRE& wWhgol ZA(takara, One Step PrimeScript RT-PCR Kit
AL-&)

template 5 ul

2x reaction buffer | 12.5 ul
Ex Taq 0.5 ul
enzyme Mix 0.5 ul
primer(F/R) Zr 1 ul
probe 1 ul
DW to to 25 ul

(2}) real time RT-PCR ®h&-z71

Step RT-PCR Cycle
Temp Time Cycle
cDNA synthesis 42°C 10 min 1 cycle
Initial inactivation 95C 30 sec 1 cycle
Denaturation 94C 10 sec
Annealing 55T 30 sec 35cycle
Extension 72C 10 sec

A%

T
@ Sol% A5 :SIV HINI, HIN2, H3N2, pandemic 2009 HIN19] njoje] 2 nlj gkl o



A RNAEZE F=3F ¢}

I3 , RT-PCR& AA1g+ 23}, 7} primer set”} sl vfo] gzl gt
Eolx o7 nhgshs

¢1&} 8 (Table 10).

Jor dlo

Table 10. Specificity of the real time RT-PCR for the detection of swine influenza

viruses
HIN1 HINZ2 H3N2 pHIN1
SIV M + + + +
SIV H1 + + _ T
SIV H3 - - + -
pHIN1 - - - +

2 ol diste] HAE AAlste] vlolgjx 97lE 8=

dA g Al 7 A oA FEE RNAE o] &3

AN 5 AEFAS 2918 A3, 2429 primerol| A 2F 2700] 4] Wl
1

Table 11. Sensitivity of the real time RT-PCR for the detection of swine influenza
viruses

Target HIN1 HIN2 H3N2 pHIN1
SIV M 2 Gol A} 2 %ol 4 2 Pol A} 2 %o) A}
SIV H1 2 %012 2 0o] A} Z 05| AF
SIV H3 - - 2 Po] A} -
pHIN1 - - - 270

. &8 AIV ¥ NDV Z &8 real time RT-PCR 7]1E /& (1-29x})

(1) F4s= 1 o

(2) RRT-PCR %7 ¢

(b RNA 5% : A& RNA F=7|E

(\}) Primer A7 2 A& @ ol o g FE3 + A= primer, probe setE AWstr] 9
ko] 2009~2013d Aloleo] Genbankd] 5% AHAHE 83t BE AV o}lF S =
23t = 9l= FE primer, probe set(RComF-RComR-RComP), H5¢0}&8 S Eo|% o
2 F23 4 9l primer, probe set(RAHSF-RAHSR-RAHSP), H7¢}8 & Eo|x o=
=% 4 Q& primer, probe set(RAH7F-RAH7R-RAH7P), H9¢old & Solx o=z
23} 4= 9l primer, probe set(RAH9F-RAHIR-RAHIP)S A A8t (Table 12).

Table 12. Primer sets used in the one-step multi-tube real time RT-PCR for the
detection of AIV and NDV



Target | name Oligonucleotide sequence Size(bp) Reference
RComF | 5'-AAGACCAATCCTGTCACCTCTGA-3
Matrix | RComR | 5'-CAAAGCGTCTACGCTGCAGTCC-3 104 Kim et al. (2013)
RComP | 5 -TTTGTNTTYACGCTCACCGTGCC-3
RAHSF | 5'-TGACTACCCGCAGTATTCAG-3

HA RAH5R | 5'-AGACCAGCTAYCATGATTGC-3’ 145 Kim et al. (2013)
RAH5P | 5'-TCAACAGTGGCRAGTTCCYTAGCA-3
RAH7F | 5'-ATAGCRGGTTTYATTGAAAA-3’

HA RAH7R | 5'-CCTGTTATTTGATCAATTGC-3 134 Kim et al. (2013)
RAH7P | 5-TGGGAAGGTCTVRTTGAYGG-3’
RAH9F | 5-CAATGGGGTTTGCTGCCTT-3
HA RAHIR | 5'-CAAATGTTGCATCTGCAAG-3 63 this study
RAHO9P | 5'-GTTCTGGGCCATGTCCAAT-3’
RNDVF | 5’-TCTCTTATGCTCCCACTCTCAAGT-3’ .
F | RNDVR | 5-CGATCTCAAGAACAGCCAGTGT-3’ 88 Gopipath et al.
RNDVP | 5’-CCTTGCAGGGAAACAG-3’

(t}) real time RT-PCRE whgol ZA(takara, One Step PrimeScript RT-PCR Kit
A1)

template 5 ul

2x reaction buffer | 12.5 ul
Ex Taq 0.5 ul
enzyme Mix 0.5 ul
primer(F/R) ZF 1 ul
probe 1 ul
D-W to to 25 ul

(2D real time RT-PCR WH$-Z7

Step RT-PCR Cycle
Temp Time Cycle
cDNA synthesis 42C 10 min 1 cycle
Initial inactivation 95C 30 sec 1 cycle
Denaturation 94°C 10 sec
Annealing 55T 30 sec 35cycle
Extension 72T 20 sec

(mh) Seolx & w7k H1A

D Eolx AZ : AIV HI~H12 type, NDV9| Hlo]g]2 Hjcklo] A RNAS F&3 1S,
RT-PCR& AAIgH A3, 7B primer set7} 7} 3|& wpo] g 2ol Solx oz wha-3hs
18kl (Table 13).

Table 13. Specificity of the real time RT-PCR for the detction of AIV and NDV



Prime
H1 H2 H3 H4 H5 H6 H7 H8 H9 | H10 | H11 | H12 | NDV

r

M + + + + + + + + + + + + -

Hb5 - - - - + - - - - - - - -

H7 - - - - - - + - - - - - -

H9 - - - - - - - - + - - - -
NDV - - - - - - - - - - - +

@ W= HAZF 7z vloly &~ A tiste] HAE AAlste] vlolg] X~ A7bE 8ujE =

=] = [e)

i
SGA A s g, ZF s|A oA FEF RNAO  tisle]
5 AZSAES gelst A, 7zt ulolg M =zE Hbold e 27° HA
o], H7oF8-e 27° HA, H9o}3 L 272 HAS WAL E 30l59S (Table 14).

Table 14. Sensitivity of the real time RT-PCR for the detection of avian influenza
virus (AIV)

H5 H7 H9
M 2 o1 2 P04 2 %01
H5 2% - -
H7 - 270 -
H9 - - 27

o} 288 AIV 2 fA2Y JE4 real time RT-PCR 71E 7 (1-293p)
(1) 54s5E  2F
(2) RRT-PCR #71 &¢
(7 RNA F% : A& RNA F=7|E
(\}) Primer AA 9 A& @ ol og FE3 o = primer, probe setd AWst7] 9
ate] 2009~20139 Akelell Genbankel &5¥ BEE &&3ste] EE AV ol & 5
o

l

23 4 Q& FF primer, probe set(RComF-RComR-RComP), H50}3 & Eo]% o
2 ZFX3 2)\{— primer, probe set(RAHS5F-RAHSR-RAHSP), H7¢ol8 S Eo]% o
2 FZ3 4 9J+ primer, probe set(RAH7F-RAH7R-RAH7P), H90}& & Eo|4 o
2 Z$Z3 4 9t primer, probe set(RAHIF-RAHIR-RAHIP)S 4718 (Table
15).

Table 15. Primer set for one—step multi-tube real time RT-PCR to detect AIV, DHV and RA



Target Primer Oligonucleotide sequence Size(bp) Reference
RComF | 5'-~AAGACCAATCCTGTCACCTCTGA-3’
Matrix RComR | 5'-~-CAAAGCGTCTACGCTGCAGTCC-3 104 |Kim et al. (2013)
RComP | 5'-TTTGTNTTYACGCTCACCGTGCC-3’
RAH5F | 5'-TGACTACCCGCAGTATTCAG-3

HA RAH5R | 5'-AGACCAGCTAYCATGATTGC-3 145 |Kim et al. (2013)
RAH5P | 5'-TCAACAGTGGCRAGTTCCYTAGCA-3’
RAH7F | 5'~ATAGCRGGTTTYATTGAAAA-3’

HA RAH7R | 5-CCTGTTATTTGATCAATTGC-3’ 134 |Kim et al. (2013)
RAH7P | 5'-TGGGAAGGTCTVRTTGAYGG-3
RAHIF | 5-ATGTCCCTGTGACACATGCCAA-3
HA RAHOR | 5'-GTCCTTCAATGGTACAGGTG-3’ 110 this study
RAHOP | 5'-CTGCTTCACACAGAGCACAATG-3’
RDHVF | 5 -TGATGAGATATGGCAGGTAGAAGGA-3’
polyprotein RDHVR | 5'-CACGCAAGCTGATTCACAATAGA-3 87 [Yang et al. (2008)
RDHVP | 5-TGTGTTCAGGATCCCCATGTACTACCGTG-3’
RRAF | 5-ATTCCCTTCGGACCATAGAT-3’

RRAR | 5'-CGACCATTGTTTTGGCTTAC-3 90 this study
RRAP | 5'-GTTTCTCTCCCTAGCAAACG-3’

triphosphate

pyrophosphatase

(t}) real time RT-PCR& wWhg-ol ZA(takara, One Step PrimeScript RT-PCR Kit
A1)

template 5 ul

2x reaction buffer | 12.5 ul
Ex Taq 0.5 ul
enzyme Mix 0.5 ul
primer(F/R) Z+ 1 ul
probe 1 ul
D-W to to 25 ul

(2D real time RT-PCR W+$-Z7

Step RT-PCR Cycle
Temp Time Cycle
cDNA synthesis 42°C 10 min 1 cycle
Initial inactivation 95T 30 sec 1 cycle
Denaturation 94C 5 sec
Annealing 55T 20 sec 35cycle
Extension 72T 10 sec

(mh) Holx= F W% FA ¢ AIV HI~HI12 oFe] 4% & AIVe &2
© g agE A5 ALY, 9o 8 Tt eeutele s
RO B Folw AFE A,

Eolx 7= : AIV H1~H12 type, DHV. RAY] Hlolg]~A HjdMo] X RNAE FZ3
E}%, RT-PCRE A A|sle] 7} wlo]lg o dj3] Sold oz wkgst=x g2lst 2}
F primer set”} ZF @@ vlo]g o Eo]F o w2 W3S 2159 S(Table 16).

Table 16. Spec1flclty of the real time RT-PCR for the detection of avian influenza virus, duck



hepatitis and Rimerella anstifestifur

H1 H2 H3 H4 Hb5 H6 H7 H8 | H9 | H10 | H11 | H12 | DHV | RA
DHV | - | - | - | - | - |- |- -1-1-1-1-1+/1-
RA - - - - - - - - - - - - - +

2. & EIV AFE real time RT-PCR 71E 71 (1-2d%})
(1) 54& ¢
(2) RRT-PCR =71 &
(7 RNA % : Al RNA &7
(W} Primer AA 2 A2} : Eo]x o= %= 1= primer, probe setE AWs7] ¢
ko] 2009~2013  Alelo] Genbankel] 55¥ AHE F8slo] ZE EIV o3&
235 4= Qe #% primer, probe set(RComF-RComR-RComP), H33
¢l+= primer, probe set(REH3F-REH3R-REH3P), H7¢}3

P
T
+ 9= primer, probe set(REH7F-REH7R-REH7P)E A A& (Table 17).
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Table 17. Primer sets used in the one-step multi—tube real time RT-PCR for the
detection of EIV

Name (Target Oligonucleotide sequence Size(bp) Reference
RComF 5 -AAGACCAATCCTGTCACCTCTGA-3’
RComR 5 -CAAAGCGTCTACGCTGCAGTCC-3’ .

M S =TTTGINTTYACGCTCACCGTGCC-3| 104 | Shin et al (2011)
RComP ,
REH3F 5 -TATGAGAATTGGGACCTCTT-3’
REH3R | HA | 5-TGTTCCTGAGGATGCTACAA-3 103 this study
REH3P 5 -CAATTGCTACCCATATGAC-3’
REH7F 5,—TCCTCTGTGTACGTGCAGAT—S’ Zhengchun et al. (2009)
REH7R | HA | 5-GGGTGTCTACTTTGGTTCCA-3 71 o
REH7P 5 -GCCTAGGACATCATGCTG-3’ modified

(th real time RT-PCR& Wh&-9 ZA(takara, One Step PrimeScript RT-PCR Kit
AHE)

template 5 ul

2x reaction buffer | 12.5 ul
Ex Taq 0.5 ul
enzyme Mix 0.5 ul
primer(F/R) ZF 1 ul
probe 1 ul
D-W to to 25 ul

(2D real time RT-PCR ¥H$-%3

Step RT-PCR Cycle
Temp Time Cycle
cDNA synthesis 42C 10 min 1 cycle
Initial inactivation 95T 30 sec 1 cycle
Denaturation 947C 10 sec
Annealing 55T 30 sec 35cycle
Extension 72°C 10 sec




o

AZ : EIV H3N8, H7H7Y HM g~ wjokdlo 4] RNAZ F&3F vhe
RT-PCRS 2 A]&lo] 7} nlolg] 2o tjal Eo] % 4
primer set”} Z} d|d vlo] ] 29 —f—olx—igi Hk-g-gkS- gkols)

Table 18. Specificity of the real time RT-PCR for the detection of equine influenza virus

H3N8 H7N7
M + +
H3 - -
H7 - +

ul, S E CIV, FIV I &€ real time RT-PCR 7]E 7 (1-2dx})
(1) 58w : g ss
(2) RRT-PCR %7 &9

(7 RNA % @ A% RNA F=71E

(W} Primer A4 % A2} EojFo g FE3T 4= 9)E primer, probe setE Awsl7] ¢
3o 2009~2013d Abolol Genbankel 5% ARE F&3le] ZE CIV g S T=
st 4= 2= F% primer, probe set(RComF-RComR-RComP), H38 S Solxow =

=3 T J= primer, probe set(RCHBFl—RCHBRl—RCHSPl,
RCH3F2-RCH3R2-RCH3P2), N20}&& Eo|xor ZHZ3st I 9l
set(RCN2F-RCN2R-RCN2P), N8o}&s Eo|xow ZZd 4= 9]
set(RCN8F-RCN8R-RCN8P)S A 71 3H(Table 19).

primer, probe
primer, probe

Table 19. Primer set for one-step multi—-tube real time RT-PCR to detect CIV, FIV

Target Name Oligonucleotide sequence Size(bp) Reference
RComF | 5'-AAGACCAATCCTGTCACCTCTGA-3’
M RComR | 5 -CAAAGCGTCTACGCTGCAGTCC-3 104 |Shin et al. (2011)

RComP | 5'-TTTGTNTTYACGCTCACCGTGCC-3'
RCH3F1 | 5'-ATCAAATTGAGGTGACCAAC-3’

HA RCH3R1 | 5'-GTAGGGCATCTATTAGTGTG-3 116 this study
RCH3P1 | 5'-TATGCAACAATCCCCACAA-3
RCH3F2 | 5'-TATGAGAATTGGGACCTCTT-3’
HA RCH3R2 | 5'-TGTTCCTGAGGATGCTACAA-3’ 103 this study
RCH3P2 | 5'-CAATTGCTACCCATATGAC-3
RCN2F | 5'-TCCGTTTCATTTGGGAACC-3’
NA RCNZ2R | 5'-CGAAACTAGCAGTCGCATT-3 110 this study
RCN2P | 5’-AGTGTGCATAGCATGGTC-3’
RCNSF | 5’'-AGGATCGAAGTCCGTATAGG-3’
NA RCN8R | 5'-CCTGTGACTCCAACTGTCAT-3’ 141 this study
RCN8P | 5'-CCTTGCAGGGAAACAG-3’

(t}) real time RT-PCRE wWhgol ZA(takara, One Step PrimeScript RT-PCR Kit
AF-&)



template 5 ul

2X reaction buffer | 12.5 ul
Ex Taq 0.5 ul
enzyme Mix 0.5 ul
primer(F/R) Z+ 1 ul
probe 1 ul
D-W to to 25 ul

(2P real time RT-PCR WH3-%71

Step RT-PCR Cycle
Temp Time Cycle
cDNA synthesis 42°C 10 min 1 cycle
Initial inactivation 95C 30 sec 1 cycle
Denaturation 94°C 10 sec
Annealing 55T 30 sec 35cycle
Extension 72°C 10 sec

(vh) Solx @ viE 724

@ Seol= HFS : CIV H3N8, H3N29 npolgx wjgFdols RNAE F=3 e,
RT-PCRE AAl&te] 2z} wlolg 2o djaf Fo]*% s
primer set7} 7} d|@ violg 2o oA o= wh33hS &1l S (Table 20).

Table 20. Specificity of the real time RT-PCR for the detection of canine influenza virus

H3N2 H3N8
M + +
H3 + +
N2 + -
N8 - +

v}, HPAIV H5N1 ¥ H5N8 7831 S 9%l real time RT-PCR & 7

(1) N&E2 1 2003 H5N1 o}&e] HPAI A o] H5NS o} ] HPAIZ}F gt whe} F HPAI
Hpo]# 2~ o}3 S FA] 7HEZATE 4= Q1 real time RT-PCR 7| QA o+

(2) BA] vpolg]a ¢ FFHlo] Y A FHEMAGERAA FE2 FHAAE ol A

(3) 71 &3 HPAIV H5N17 H5N8 o} 7RI whg real time Rt-PCR e 7l

(4) real time RT-PCR %71 ¢
@ RNA F= : AlI FEF7|E o] &
@ Primer A4 % A& AIV matrix gene(common), HPAI®] H5, N1 ¥ N8 gene 7

=& primer setE A7 (Table 21).

Table 21. Primer and probe sets for detecting the M, H5, N1, and N8 genes of
avian influenza viruses



Primer and Product Referenc
Gene Sequence (5-3") size
probe (bp) e
MF (forward) | AAGACCAATCCTGTCACCTCTGA Kim et
Mit“ MR (reverse) | CAAAGCGTCTACGCTGCAGTCC 104 al.
MP (probe) FAM-TTTGTNTTYACGCTCACCGTGCC-TAMRA (2013)
H 5 F | GCTCCDGAATATGCVTACAAAATTGTC
(forward) Th
H5 |H 5 R 355 1S
(reverse) TGTCTGCAGCGTAYCCAC study
H5P (probe) | FAM-ATAGCAGGNTTTATAGARGGAGGDTGGCA-TAMRA
N1 F GATTGGTCAGGATATAGCG
(forward) Th
N1 N 1 R 97 is
(reverse) GAATGGCAACTCAGCACCG study
N1P (probe) | FAM-TTGTCCAGCATCCRGAACT-TAMRA
N8 Il CCAGTGACACTCCAAGAGG
(forward) Th
1S
N8 [N 8 R CCACTGTATCCCGACCAAT 253 study
(reverse)
N8P (probe) | FAM-CCATGGGAAATCAGGGATATGG-TAMRA

@ real time RT-PCR& Hk-&ol %A (takara, One Step PrimeScript RT-PCR Kit

template 5 ul

2x reaction buffer | 12.5 ul
Ex Taq 0.5 ul
enzyme Mix 0.5 ul
primer(F/R) ZF 1 ul
probe 1 ul
D-W to to 25 ul

@ real time RT-PCR W%

Step RT-PCR Cycle
Temp Time Cycle
cDNA synthesis 42°C 10 min 1 cycle
Initial inactivation 95T 30 sec 1 cycle
Denaturation 94T 10 sec 35cycle
Annealing 55T 30 sec

® Solw A4

- HPAI H5N1¥ H5N8 2 €} AIV 7 dko] 7153sto] g2l (Table 22).

Table 22. Specificity of the single-step real time reverse—transcription polymerase
reaction (sRRT-PCR) assay for the detection of avian influenza viruses (AIV) with
matrix, H5, N1 and N8 gene-specific primers and probe



: Detection of AIV gene®

Virus Subtype ypiix | o5 N1 N8
Reference strains of different subtypes
A/PR/8/34 HIN1 + - - -
A/Singapore/1/57 H2N2 + - - -
A/duck/Ukraine/1/63 H3N8 + - - -
A/duck/Czechoslovakia/56 H4NG6 + - - -
A/duck/Hong Kong/820/80 H5N3 + + - -
A/shearwater/Australia/1/72 H6N5 + - - -
A/wild duck/Kr/CSM42-34/11 H7N9 + - - -
A/turkey/Ontario/6118/68 H8N4 + - - -
A/turkey/Wisconsin/1/66 HIN2 + - - -
A/wild duck/Kr/CSM42-9/11 H10N7 + - - -
A/duck/Memphis/546/74 H11N9 + - - -
A/duck/Alberta/60/76 H12N5 + - - -
A/wild duck/Kr/SH38-45 HI13N2 + - - -
A/mallard/Gurjer/263/82 H14N5 + - - -
A/shearwater/West Australia/2576/79 H15N9 + - - -
A/gull/Denmark/68110 H16N3 + - - -
HPAI isolate from HPAI epidemic
A/chicken/Korea/Gimje/2008 H5N1 + + + -
A/broiler duck/Korea/Buan2/2014 H5N8 + + - +
Other avian pathogens
Newcastle disease virus (vaccine strain) - - - -
Infectious bronchitis virus (vaccine strain) - - - -
Infectious bursal disease virus (vaccine 3 _ 3 3
strain)

* Viral RNA amplification was evaluated by each sRRT-PCR using matrix—, H5-, N1-, or N8

gene-specific primer and probe sets (+: RRT-PCR-positive; -:

® WA= 74

-

- HPAI H5N1¥} H5ENS T&FE 1

and 1.3 ElD5p = #2150 (Fig. 15).

dow uxgwe] RzEE Prkek A
and 0.9 EID5O Z Folxjg) om H5NS g%ﬂ%g
oz sy e U]7L = .\137} 1.0,

RRT-PCR-negative).
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Fig. 15. Sensitivity and dynamic range of the single-step real-time RT-PCR assay for
detection of HHN1 and H5N8 viral RNA. Serial 10—fold dilutions of viral RNA standard
(from 10°° to 10%° EIDs0/0.1mL) were plotted against the threshold cycle(Ct).(A)A
minimum of 0.6, 0.7, and 0.9 EIDso of H5N1 virus or (B) 1.0, 0.8, and 1.3 EIDso of
H5NS8 virus per reaction could be detected using M, H5, N1, and N8-specific primer
and probe sets, respectively. The coefficient of determination(R?) and are gression
curve (y) was calculated.

3. BE AZF AR vlolglA FRAAGE SFZHRT-LAMP) 7



7t 58 AEFAA HlelEx % &4 RT-LAMP J9% A
(1) 5455 @ HA], A, 27 (EFsE 2 BE 27
(2) FA] vlolg 2 - AbgE, 1A 9 X5 influenza virus
- 34 } 18125 =AFAAF=(O) 9] 3£ el Eao] kel Hgste] widst
o Al X )

(7H) RNA F= 7\]‘1 FEIE o] &

(}) Primer AA 2 A# 0 BE ofF ] QAEFQA nlolel g FEH R F33T ¢ 9]
= primer setE AEElr] Y] 2009-2015  Aloleo]  Influenza Sequence
Database(http://www.ncbi.nlm.nih.gov/genomes/FLU/FLU.htmD°]  &5%¥  Matrix
gene T2 97|19 AHE 513 primers AAE (Table 23, Fig. 16)).

Table 23. Primer sets used in the RT-LAMP for the detection of M gene

Target| Name Oligonucleotide sequence Reference
M-F3 | 5 -AGTCTTCTAACCGAGGTCGA-3

M-B3 | 5 -TGCAGTCCTCGCTCACTG-3

M M-FIP | 5 -ACATCTTCAAGTCTCTGCGCGATCACGTTCTCTCTATCGTCCCG -3’ this study
M-BIP | 5-AGACAAGACCAATCCTGTCACCTCTTGCAGTCCTCGCTCACTG-3
M-LF | 5-GCAAAGACATCTTCAAGTCTCTGC-3’

M-LB | 5-GACTAAGGGGATTTTAGGGTTTGT-3

SIV-F3 N SIV-F2 N
atgAGTCTTCTAACCGAGGTCGAaacgtACGT TCTCTCTATCGTCCCGtc

SIV-Fic < SIV-LFc
aggccccctcaaag ccgaGATCGCGCAGAGACTFGAAGATGTCTTTGCa g

SIV-B1
gaaagaacacagatcttgaggctctcatggaatggctaaAGACAAGACCAATC
N SIV-LB .
CTGTCACCTCTGACTAAGGGGATTTTAGGGT TTGTgttcacgctcgeegtg
SIV-B2¢, SIV-B3c

ccCAGTGAGCGAGGACTGCA gcgtagacgcetttgte

Fig. 16. Location of primers for reverse transcription loop—mediated isothermal
amplification. Locations of primer-binding sequences are underlined on the sequence
of the matrix gene of Korean reference swine influenza virus isolate



A/Korea/VD01/2009(H1N1)(GenBank accession number JN043432).

(th) RT-LAMP-PCR& Wk&-%7

Step RT-LAMP-PCR Cycle
Temp Time Cycle
Amplification 63T 1h 1 cycle
Annealing 85T 5 min 1 cycle

() A& Sol= A

IV HINI1, HIN2, H3N2, pandemic 2009 HIN1¢] nje]z]x ujeFoox RNAE

o
St T3, RT-LAMP-PCRS AAIsH Az, 7} ulolgz=o g Solx o=z Hbg
gkelst (Fig 17).
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Fig. 17. Specificity of reverse transcription loop—mediated isothermal amplification for

amplification of the matrix gene of swine influenza virus (SIV). Lane M; 100 bp DNA

marker, Lane 1; genotype 1 porcine reproductive and respiratory syndrome virus

(PRRSV), Lane 2; genotype 2 PRRSV, Lane 3; classical swine fever virus, Lane 4;

porcine circovirus type 2, Lane 5, Mycoplasma hyopneumoniae, Lane 6; Pasteurella

multocida, Lane 7, Haemophilus parasuis, Lane 8; Actinobacillus pleuropneumoniae,

Lane 9; SIV subtype HINI1, Lane 10; pandemic 2009 influenza virus HIN1, Lane 11;
SIV subtyoe HINZ, Lane 12; SIV subtype H3NZ2.

(b A& W= A4
- RT-LAMP?] ¥1%

i

= 1 copies/uL®Z 7]¥9] RT-PCR(10 copies/ul) HEt} 108] 9]



A 7y E 7 E=9ka1, real time RT-PCR(1 copies/ul) ™ §-AF3E =Fo]Qlon, HE o
]

HAEH] Qlolx: Seto g wheAyE 9l 7153k3S (Fig. 18).
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Fig. 18. Detection limit of reverse transcription loop—mediated isothermal amplification
(A and B), reverse transcription—polymerase chain reaction (RT-PCR) (C) and real
time RT-PCR (D) for amplification of the matrix gene of swine influenza virus (SIV).
Lane M; 100 bp DNA marker, Lane 1-9; 10%-10° copies/pL. of matrix gene of SIV.

U, ZF5AZFAAulolH A FE 2 HS o}d dFAZIEE RT-LAMP 3¢y 7+
(
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) ¥

(2) &A] vlo]# 2 © Avian influenza virus subtype H5
- FA| vlo]HAE FATIAAFT(0IE)S] %T W F3te] whSgho] HEFsto] WY
S T, 7SS AAS ArtE S8 v, A AT
(3) 7 23 RE AIVE AE3E 35 primer set® HS5 oF8 &8 primer setg &

5
d RT-LAMP A A A&E 4 2+ multi-tube RT-LAMP ZI &+
(4) RT-LAMP-PCR %71
(7hH RNA F% : A& FZ7|E o] &



(\}) Primer

T

Database(http://www.ncbi.nlm.nih.gov/genomes/FLU/FLU.html) ]

A D A RE olge] AEFAA woleag FEHoR FEL 4 9

primer setE& X@str] 95k 2009—2015%3 Alololl  Influenza Sequence

=% Matrix

gene¥} HA gene(H5) F8A A7|HE AHE S H3Y] primers AAE (Table

24).
Table 24. Primer sets used in the RT-LAMP for the detection of AIV M and H5
gene
Target| Name Oligonucleotide sequence Reference
M-F3 | 5'-AGTCTTCTAACCGAGGTCGA-3’
M-B3 | 5 -TGCAGTCCTCGCTCACTG-3
\ M-FIP | 5-ACATCTTCAAGTCTCTGCGCGATCACGTTCTCTCTATCGTCCCG-3’ this study
M-BIP | 5-GAGGCTCTCATGGAATGGCTAAAGACGGTGAGCGTGAACACAA-3
M-LF | 5-GCTTTGAGGGGGCCTGA-3’
M-LB | 5 -CAAGACCAATCCTGTCACCTCTG-3’
H5-F3 | 5'-TTATAGAGGGAGGATGGCAR-3’
H5-B3 | 5-AAYCCGTCTTCCATCTTCTTR-3
A H5-FIP | 5 -TTGTCTGCAGCGTAYCCACAATGGTAGAYGGTTGGTATGG-3 this study
H5-BP | 5-GGCAATAGAYGGAGTYACCAATGCCTCAAAYTGRGTGTTCA-3
H5-LF | 5'-GCTCRTTGCTGTGGTGRTA-3’
H5-LB | 5 -AAGGTCAACTCRATCATTGACA-3

(th RT-LAMP-PCR& wk&-z71

Step RT-LAMP-PCR Cycle
Temp Time Cycle
Amplification 58T 40 min 1 cycle
Annealing 85T 5 min 1 cycle

Az} ol wjke tiste] EID 971= 107 EID50/0.1mLE

Col 10815 w8 Askedth, 2t gAelol N FEH RNAS ol o]
= AAg 3 A glg A3, 77k whgo A E5F 100

= /\1}\]8 74;@74]
Q|5

A< (Fig. 19).
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(Table 25).
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Fig. 19. Comparison of the sensitivity of the RT-LAMP and RRT-PCR assays with serially
diluted RNAs of H5N1 HPAIV. (A) Detection of the RT-LAMP results by the hydroxynaphthol
blue dye-mediated colorimetric method. Tubes 1-7, 10-fold dilutions of viral RNAs from 10" to
10" EID50/0.1mL ;tube NC, negative control.(B) Detection of the RT-LAMP results by agarose
gel electrophoresis. Lane M, 100 bp DNA marker; lanes 1-7, 10-fold dilutions of viral RNAs
from 10™° to 10° EID50/0.1mL; lane NC, negative control.(C) Results of qRT-PCR.Lines 1-7,
10-fold dilutions of viral RNAs from 10" to 10" EID50/0.1mL;line NC, negative control.
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Table 25. Virus strains used for validation of the RT-LAMP assay and its specificity.

. Detection of AIV gene®
Virus (clade) Subtype i s
Reference strains with different subtypes

A/PR/8/34 HIN1 + -
A/Singapore/1/57 H2N2 + -
A/duck/Ukraine/1/63 H3N8 + -
A/duck/Czechoslovakia/56 H4NG + -
A/duck/Hong Kong/820/80 H5N3 + +
A/shearwater/Australia/1/72 H6N5 + -
A/wild duck/Kr/CSM42-34/11 H7N9 + -
A/turkey/Ontario/6118/68 H8N4 + -
A/turkey/Wisconsin/1/66 HON2 + -
A/wild duck/Kr/CSM42-9/11 H10N7 + -
A/duck/Memphis/546/74 H11N9 + -
A/duck/Alberta/60/76 H12N5 + -




A/wild duck/Kr/SH38-45 H13N2 + -
A/mallard/Gurjer/263/82 H14N5 + -
A/shearwater/West Australia/2576/79 HI15N9 + -
A/gull/Denmark/68110 H16N3 + -
B/Wisconsin/1/2010 - -
HPAIV isolates from Korean HPAI outbreaks
A/chicken/Korea/ES/2003 (2.5) H5N1 + +
A/chicken/Korea/IS/2006 (2.2) H5N1 + +
A/chicken/Korea/Gimje/2008 (2.3.2.1) H5N1 + +
A/duck/Korea/Cheonan/2010 (2.3.2.1) H5N1 + +
A/breeder duck/Korea/Gochang1/2014 (2.3.4.4) " H5N8 + +
A/broiler duck/Korea/Buan2/2014 (2.3.4.4) ° H5N8 + +
A/broiler duck/Korea/H1731/2014 (2.3.4.4) ° H5N8 + +
A/domestic mallard duck/Korea/H1924/201 (2.3.4.4)
5 H5N8 - -
A/mallard duck/Korea/H2102/2015 (2.3.4.4) " H5NS + +
Other avian pathogens
Newcastle disease virus (La Sota strain) - -
Infectious bronchitis virus (AVR1 strain) - -
Infectious bursal disease virus (W2512 strain) - -
(B oFeIA = digk ey a8 HE
- of9] Alze] tiste] 7 RT-LAMP¥ RRT-PCRe A& &S Hlw Hrpek 23 &
At AEGE5S el 7]¥& RRT-PCRe A dHoz &8 7lest o2 ot

= (Table 26).
- /2 RT-LAMPO] 4% SZZ23=5 Ho AHulapd glo] Setow Az W3ls
o o

R4 -1
sto] w2 d5o] hsste] @ AdHor &8 e Aoz thdE (Fig. 19).

Table 26. Results of virus detection in clinical samples by the M or H5 gene-specific

RT-LAMP and real time RT-PCR (RRT-PCR)

No. of virus positive

Fecal samples No o R RT-PCR RT-LAMP HA subtype
tested (No. of virus)
M Hb5 M H5
Domestic chicken 252 8 0 8 0 HI(8)
) ) H5(1), H6(3), H9(2),
Wild bird 375 7 1 7 1 H11(D)
Total 627 15 15 1
4. 35 AZF AR @AJEE direct RT-PCR ¥ real time RT-PCR Z&d 7t
7t € AEFAA vlojg & ?ﬂ’é} 18 direct RT-PCR &8
(D) 5455 BE FT(&EF, #A, M, 1], &)
(2) A vtolgl 2~ 1 FE H Z%Er AEF gl Abufe] & 2~
- A vhol P25 A FIAFS(0IR)] d Wl £8ke] W&t HFshe] wjgst
O3, d7SHEs AXst] A7tE 58 o, Al AlE



(3) ML BF : RE 28 AZFex ulo]d2s A& FE primer setS o] &3}o]
F A2 FE0] RT-PCRS & 4= = direct RT PCR (dRT-PCR) W 7t
S 8oy, FARFEIIES o &3 A FE3 glo]
FEGA(H=d g ) A g direct buffers 0] 3lo] ZAGAIZHS @&
(4) direct RT-PCR %74
(7D Direct A4 271 3¢ 1 SN R 4E3S dF o2 dRT-PCRe A3sk A gz g <
%N (sample dilution buffer, SAB)2] 3|AH|&& &RIgt Ay FAH|Eo] 1:1, 1-2°L
B 7MY SFol & dojd Ao R Hol 5 APdA= Ame SABY H[ES 11

2 283 (Fig. 20)

Fig. 20. Optimization of sample pre—treatment condition with sample dilution
buffer(SAB) for direct RT-PCR (dRT-PCR). A-E, RT-PCR results for sample
pre—treatment condition with different dilution ratio of sample to SAB 1:1, 1:2.5, 1:5,
1:10 and 1:20.

(41}) RNA 3= : sample : 1X dilution buffer = 1 : 1 (50ul + 50ul)

(T A% HAE  ARoA AR ES o83 f174E5 FFko] RT-PCR (47 F
E7]E AH8)3 dRT-PCR (SAB A#, #4 }z‘,% Qe AANEe] A% NREES
v w3 A3}, dRT-PCRE W=7} oF 4u] A% e How L}E}w (Fig. 21).
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RT-PCR

Fig. 21. Comparison of the sensitivity between commercial RT-PCR (RT-PCR) and
direct RT-PCR (dRT-PCR) in detecting influenza virus. Lane M; 100 bp ladder, Lane
1-6: serial dilutions (2%, 2° 272 27% 27°% and 2°° HA titer) of cultured influenza
viruses, respectively. Lane NC; negative control.

U 5E AZFAA vlolglx AFAGE direct real time RT-PCR AYH



EXqsE  BE FET(&EF, A, N, 1], )
(2) FA] vlolel~ @ TE 2 [ AESFdAElo] gl A~
- FA] vl HAE FAFAAFT(0IE)S] i W £33l WSk HFslo] njgst
U, dSHEs AASt] A7bE S8 v, Algdd AlE
(3) /I 53X BE s58& AEZFAA} vtolel =25 HES= 3% primer/probe sets ©|
&3} fF--dA FE810] real time RT-PCRE 8 4= 9+ direct real time RT-PCR
(dRRT-PCR) xI%HH 7,

- 7] /12H real time RT-PCR Jdy S 2
A glo] FEAA (G =g )ol A

(4) dRRT-PCR %7

(7P Direct HA =71 g+
k= (sample dilution buffer, SAB)¢] 3]4]
A A 7HF FTFo] & dojd o=
112 483 (Fig 22).
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22. Optimization of

condition with

Eyeien

sample dilution

buffer(SAB) for direct realtime RT-PCR (dRRT-PCR). A-E, realtime RT-PCR results
for sample pre-treatment condition with different dilution ratio of sample to SAB 1:1,

1:2.5, 1:5, 1:10 and 1:20.

(b)) RNA &= : sample :

(th 917 % H2AE : AgoA ABINES o] g3 =3t

1X dilution buffer = 1 : 1 (50ul + 50ul)

S ALS

R EEE!

1 e =

t}2, RRT-PCRANF7E A2 %) dRRT-PCR (SAB A, 4 ==
AR e AA ko] vlwst A3, dRRT-PCRO W E7) oF 4u] A% A Ve

(Fig. 23).
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Fig. 23. Comparison of the sensitivity between commercial realtime RT-PCR
(RRT-PCR) and direct realtime RT-PCR (dRRT-PCR) in detecting influenza virus. Lane

1-7: serial dilutions (2%, 2° 272 271 27° 27% and 27'° HA titer) of cultured influenza
viruses, respectively. Lane NC; negative control.

(&) o)l H71A3, /l2®E dRRT-PCRE 7]&9¢] 31ak32 RRT-PCRe| H]3)] 917 %
sk A wou fHA =5 Aol AEE Ay, AA A AQA|Fe] 1A]ZE oy
A% dgor &8 7hss Aoz HUlEHJ o, AAES AFste] H 3 (H Y

KUl

o} Al A& real time PCR ZH]E ©]&% 7I'¢ dRRT-PCR 7]1E9 584 AE

- 7/I¥E dRRT-PCR 71EE A& o = L3517 fste] wk-s-Aj7to] whE Al Al
2 real time PCR Y| & o]&3lo] A& A9, Aok AQAFFo] HFEEQ 308 9]

=2 7MssAE &1
7h AF&717] AR 2 ALeE
- GENECHECKER ultra—-fast PCR system (A %A} 1 @71 A] ~H)

- 9]8 (http://www.genesystem.co.kr/kor/ Z+al)

>

Ne7



)

ENECHECKER™ A}LCF

TSYY
2c 3=y
2 FEE=
2c orEY
2= gesc )
=2 Sfdss B
223 8¥ RT M
PCR MOl& 20 ~ 99%C | 1.0°C THR] =)

SHE OE7HA SEiI0 718 35 E Oo| 22§50 T
SHET ME Ths .
wellsy B8 8 10 p2

CR A TH 20 Mo & 128 0| (Conventional PCR
I gs BoTE (HEEs 2wy A
Ol 0| A8 S2aE 10D
WHE mae PCRESERE 127 ME e

HE AMS X GEER © 110~230V/60Hz
SA7 ZH|UATE - OC 12V, 102

Fig. 24. Specifications of commercial ultra—fast PCR system applied with direct real
time RT-PCR kit.

(\}) real time direct RT-PCR wr&%4A

RT-PCR Cycle
Step :

Temp Time Cycle
cDNA synthesis 50T 5 min 1 cycle
Initial inactivation 95T 30 sec 1 cycle

Denaturation 95C 5 sec
Annealing 50T 5 sec 35cycle

Extension 72C 5 sec

(th W% H2E @ FA| QAEFQA}L vlo]g 2 wjgdS o] &3l Al iFE7ER
NS FE3FY realtime RT-PCRS AA|gE Ao} At 7]EE o] &3] &
direct® realtime RT-PCRS AA|gt Axte} HE= WA =E dluwst 23} direct

realtime RT-PCR®] ®7t=7}b oF 4wj4%x WA Yelt 71E real timr PCR )¢t
A5 ek S (Fig. 25).
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Fig. 25. Comparison of the sensitivity between realtime RT-PCR with extracted RNA
by commercial kit and direct realtime RT-PCR without RNA extraction for the
detection of avian influenza virus. Lane 1-6: serial dilutions (2°, 2%, 27% 27% 27* and 2
“* HA titer) of cultured influenza viruses, respectively. Lane NTC; negative control.

(H ool Algd AT}, JietE direct real time RT-PCR 7|E9} Al A& gk e S A
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(Table 27).
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Table 27. Avian influenza viruses used in this study



No. | Strain No. | Strain
1 | A/PR/8/34 (HIN1) 23 | A/WB/Korea/KPA09101(HIN2)
2 | A/Singapore/1/57 (H2N2) 24 | A/WB/Korea/KPA04111(H4NG6)
3 | A/duck/Ukrine/1/63 (H3N8) 25 | A/WB/Korea/KPAO1121(H1)
4 | A/duck/Czechoslovakia/56 (H4NG6) 26 | A/WB/Korea/KPAO1091(HIN1)
5 | A/duck/Hong Kong/820/80 (H5N3) 27 | A/WB/Korea/KPAO1121(H1)
6 | A/shear water/Australia/1/72 (H6N5) 28 | A/WB/Korea/KPA110912(H11N9)
7 | A/wild duck/Kr/CSM42-34/11 (H7N9) 29 | A/WB/Korea/KPA0O3091(H3NB)
8 | A/turkey/Ontario/6118/68 (H8N4) 30 | A/WB/Korea/KPA04091(H4NG)
9 | A/turkey/Wisconsin/1/66 (HON2) 31 | A/WB/Korea/KPA04092(H4)
10 | A/wild duck/Kr/CSM42-9/11 (H10N7) 32 | A/WB/Korea/KPAO6081(H6N2)
11 | A/duck/Memphis/546/74 (H11N9) 33 | A/WB/Korea/KPAO6092(H6)
12 | A/duck/Alberta/60/76 (H12Nb5) 34 | A/WB/Korea/KPA0O9081(HIN2)
13 | A/wild duck/Kr/SH38-45 (H13N2) 35 | A/WB/Korea/KPA09091(HIN2)
14 | A/mallard/Gurjer/263/82 (H14N5) 36 | A/WB/Korea/KPAO9092(HIN2)
5[4 S R e A g WB/Korea/KPAOYO93(IOND)
water/W.Austri/25761/79(H15N9)
16 | A/gull/Denmark/68110 (H16N3) 38 | A/WB/Korea/KPA09094(HION2)
17 | A/WB/Korea/KPA03081(H3N2) 39 | A/WB/Korea/KPA09095(HIN2)
18 | A/WB/Korea/KPA0O5081(H5N1) 40 | A/WB/Korea/KPA0O9096(HIN2)
19 | A/WB/Korea/KPA10091(H10N1) 41 | A/WB/Korea/KPA09097(HIN2)
20 | A/WB/Korea/KPA0O6091(H6) 42 | A/WB/Korea/KPAO9098(HIN2)
21 | A/WB/Korea/KPAO7091(H7N7) 43 | A/WB/Korea/KPAO9099(HIN2Z)
22 | A/WB/Korea/KPA11091(H11)

(2 W =% = ASFAA vholE 2 BefFo] ol Al WA HE 71 g

: AdamantaneA| (e}HEFY), neuraminidase® A Al (Oseltamivir, Zanamivir) A

@
o
e
=
0%

v
< Wgsto] Agstar, ofvtetd WA FAA= HE7Ho
o Al At Asto 2 2712 WASHAY S A
(4) WA A=A 5] probeE ©]8-3F real time RT-PCR 7l
(7b) Amantadin(e}FeERE) WA FdAk HE =270 29
@ =i ¢ obrERd WA M2 S o] of Al 9|l A o] §17] X[ $hel] ]3| A
- 2015971A] NCBIel sAl€® H9 o3& AIVeE] M FHAA7IAEE 4
7, S3IN Wel7} 96.07%% webwtom, V27A wWeolrt 2.14%, 1¥]3 V27A/S31IN
FAWol7E 0.95%2 YEFS (Table 28). whehA B o= V27A9F S3IN F

FF Wol whole 2 BAG] P& WFom 29 QWA

o



Table 28. Distribution of Amantadin-resistant H9 subtype AIV from NCBI

e
A% | Wy%
L26F | V27A | A30T | A30V | S3IN | G34E | L.38F |L26F/S31N|V27A/S31N
1999 5 5
2000 4 1 3
2001 4 3 1
2002 4 2 2
2003 4 4
2004 0
2005 8 3 1 4
2006 12 1 3 8
2007 12 4 8
2008 17 2 14 1
2009 41 1 39 1
2010 44 1 43
2011 54 53 1
2012 80 79 1
2013 388 382 1 5
2014 148 148
2015 13 13
Total 838 0 18 5 0 805 0 0 2 8
(%) 100.00| 0.00 | 2.14 | 0.60 | 0.00 | 96.07 | 0.00 | 0.00 0.24 0.95

@ RNA F= 2 cDNA $A: AT 7| E o|&

@ Primer/probe AA 2 Az} : AZFdA dlo]gHo] 2o FEE = 19961 H-H
20127k A HY9 ofd Q1EF<lx} vlojef =9 AV YE AR 13471E FH st
DNASTAR®Lasergene (DNASTAR Inc., USA) X230 & Hlu #A4sle] 713 ok
Al HE Awdt v}, primer A X 2132l clone manager(Sci-Ed Software,
USA)E olg3te] AAF. Ulds E53stE 27, 31 codon ¥-9lolA V27(allele T)¥
S31(allele G)dli= VIC dyeE, 27A(allele C)¥ 31N(allele A)ol w3l
6-Carboxyfluorescein(6-FAM) dyeE +° WA F%E A 7153 probes AAE
(Table 22). 273} 31 codon Atoleli= &3 9709] nucleotidewo] EA3= 717
AR MR GEFES BA4 A st7] Al #S 4ol probe AbEfofRt s, Sol%
SE-S 93te] Minor Groove Binding probe(MGB probe)E AF83}l9] Annealing &%=
E W35 =o] A (Table 29, Fig. 26).

Table 29. Primerand probe sets for the detection of the adamantane-resistant

genes
Target Name Oligonucleotide sequence Size(bp)
F AATTTGCAGGCCTACCAGAA
R TTCTTCCCTCATGGACTCAG

FAM-CCTCTCGCCATTGC-MGB
VOTA FAM-CCTCTCGCTATTGC-MGB
M VIC-CCTCTCGTCATTGC-MGB 908
VIC-CCTCTCGTTATTGC-MGB
FAM-TGCAGCAAACATCATTG-MGB
FAM-TGCAGCAAATATCATTG-MGB
VIC-TGCAGCAAGCATCATTG-MGB

VIC-TGCAGCAAGTATCATTG-MGB

S31IN




208bp

Forward pr'rmer Reverse primer
| AATTTGCAGGCCTACCAGAA : TTCTTCCCTCATGGACTCAG
: V27A :
T I, CCTCTQGTCRATTGC TGCAGCAAGCATCATTG VIC
CCTCTYGTTATTGC TGCAGCAAGTATCATTG

Amantadine-resistant ccreTdGCTATTGE TGCAGCAAATATCATTG

CCTCTOGCCATTGL TGCAGCAMACATCATTG
A FAM

Fig. 26. Position of the primer and probe sets for the detection of the adamantane

—-resistant genes

@ PCR wFgol A : A|FAI)|E(TNT ResearchAl, Anti HS Taq-High-) A&

Aok =4
template 5 ul
10x buffer 2 ul
dNTP mix 1 ul
Anti HS Taq 0.5 ul
primer(F/R)(10p) 7+ 1 ul
probe(10p) Z} 0.5 ul
D-W to to 25 ul

@ PCR Whgz=7 34

Step RT-PCR Cycle
Temp Time Cycle
Initial inactivation 95T 10 min 1 cycle
Denaturation 94°C 15 sec 40cycle
Annealing 65T 30 sec

® a8 AS F 4309 2/ AEFMA o]y oA 6719 V27TA diAdwHolek 17]¢]
S3IN WA Wols=7} %A, sequencing A3} 95.3% (41/43)9) LA &S ERWU(
Table 27).

Table 28. Comparison of analytic efficiancy between real-time PCR and sequencing



methods for the detection of the amantadine-resistant avian influenza viruses

type

© &1 wfelf=e] M gene A71A9
AR AEAn
2} Wo] 1915 el ?‘5} A

- LH}H

27)

Alnpele] =9l M gene @714 4
time RT-PCR ZA¥}¢} ?rlﬂ@g

No. | subtype 27 31 No. | subtype 27 31
gPCR | Sequenc | gPCR | Sequenc qPCR | Sequenc | qPCR | Sequenc
e e e e

1 | HIN1 - + - + 23 | HON2 - - - -
2 | H2N2 - - - - 24 | HANG6 - - - -
3 | H3N8 - - - - 25 | H1 - - - -
4 | H4NG6 - - - - 26 | HIN1 - - - -
5 | H5N3 - - - - 27 | H1 - - - -
6 | H6NS - - - - 28 | HI1N9 - - - -
7 | H7 - - - - 29 | H3N8 - - - -
8 | H8N4 - - - - 30 | H4NG6 - - - -
9 | HONZ2 - - - - 31 | H4 - - - -
10 | HION7 - - - - 32 | HEN2 - - + -
11 | HI1IN6 - - - - 33 | H6 - - - -
12 | H12N5 - - - - 34 | HON2 - - - -
13 | H13N6 - - - - 35 | H9 -/+ - - -
14 | H14 - - - - 36 | H9 - - - -
15 | H15 - - - - 37 | H9 + + - -
16 | H16 - - - - 38 | H9 + + - -
17 | H3N2 - - - - 39 | H9 + + - -
18 | H5N1 - - - - 40 | H9 - - - -
19 | HION1 - - - - 41 | H9 + + - -
20 | H6 - - - - 42 | H9 + + - -
21 | H7 - - - - 43 | H9 - - - -

22 | H11 - - - -

—;Amantadine-sensitive(wild type), +;Amantadine-resistant(mutant type), —/+;Mix of wild type and mutant
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50 60 70 80 a0 100 110 120
GGGEGTECAGATGCRAACGGTTCARGTGATCCTCTC ﬂ LT TGCCGCHRA TR TCATTGGGATCTTGCACTTGACATTET!
GEEEGTECAGATGCRAACGATTCARGTGRACCCTCT IATCATTGGGATCTTGCRACTTGATATTGET!
GGGAGTGCARATGCAGCGATTCAAGTGRTCCTCTC TATCATTGGGATCTTGCACTTGATATTGT!
GGGAGTGCARATGCAGCGATTCARGTGATCCTCT ATCATTGGGATCTTGCRACTTGATATTGT!
GGGAGTGECARATGCRAGCGATTCARGTGATCCTCT ATCATTGGGATCTTGCACTTGATATTGT!
GGGAGTGCAGATGCRAGCGATTCARAGTGATCCTCT [ATCATTGGGATCTTGCACTTGATATTGT!
GGGAGTGCAGATGCAGCGATTCAAGTGRTCCTCTC T AAGTATCATTGGGATCTTGCACTTGATATTGT!H
GEGAGTGECARATGCAGCGATTCARGTGATCCTCT \GTATCATTGGGATCTTGCACTTGATATTET!
GGEGAGTGECAGATGCRAGCGATTCARGTGATCCTCT T ] 7 A TCATTGGGATCTTGCACTTGATATTGTH
GGEGAGTGECARATGCRAGCGATTCARGTGATCCTCT ATCATTGGGATCTTGCACTTGATATTGT!
GGEGAGTGCARATGCAGCGATTCARGTGRATCCTCTC TATCATTGGGATCTTGCACTTGATATTGET!
GEGAGTGCARATGCAGCGATTCARGTGATCCTCT [ATCATTGGGATCTTGCRCTTGATATTETH
GEGAGTGECARATGCRAGCGATTCARGTGATCCTCT ATCATTGGGATCTTGCACTTGGTATTGT!
GGEGAGTGECARATGCRAGCGATTCARGTGATCCTCT TATCATTGGGATCTTGCACTTGATATTGT!
GGEGAG GGARALRGCARCGRARRCARGTRAATCCTCTL SN ALGTATCATTGGGATCTTGCACTTGATATTET
GEGAGTGCARATGCAGCGATTCARGTGATCCTCT \GTATCATTGGGATCTTGCACTTGATATTET
GEGAGTGECARATGCRAGCGATTCARGTGATCCTCT T 7 A TCATTGGGATCTTGCACTTGATATTGT!
GGEGAGTGECARATGCRAGCGATTCARGTGATCCTCT ATCATTGGGATCTTGCACTTGATATTGT!
GGEGAGTGCARATGCAGCGATTCARGTGRATCCTCTC I ATCATTGGGATCTTGCACTTGATATTGET!
GEGAGTGCARATGCAGCGATTCARGTGATCCTCT LTT \GTATCATTGGGATCTTGCACTTGATATTET
GEGAGTGECARATGCRAGCGATTCARGTGATCCTCT T 7 LA TCATTGGGATCTTGCACTTGATATTGT!
GGEGAGTGECAGATGCARCGATTCARGTGATCCTCT TATCATTGGGATCTTGCACTTGATATTGT!
GEGAGTGCARATGCAGCGATTCARGTGATCCTCTCEN ALGTATCATTGGGATCTTGCACTTGATATTET
GEGAGTGCARATGCAGCGATTCARGTGATCCTCTCE FATCATTGGGATCTTGCRACTTGATATTETH
GEGAGTGECARATGCRGCGATTCRAAGTGATCCTCTC I I ATCATTGGGATCTTGCACTTGATATTET!
GGGAGTGCAGATGCAGCGATTCARAGTGATCCTCTC ol L T'T TATCATTGGGATCTTGCACTTGATATTGT!

GGG.’—‘;GTGCEEE&TGCEGCGEI‘TCEAGTGFLI‘CCTCTC“ T ALGTATCATTGGGATCTTGCACTTGATATTGET
GGGAGTGCAGATGCAGCGATTCARGTGATCCTCTC Nl L TTGCCGCAGTATCATTGGGATCTTGCACTTGATATTGT!
GGGAGTGCAGATGCAGCGATTCARGTGATCCTCTC el I 7 TATCATTGGGATCTTGCACTTGATATTGT!
GGEGAGTGECARATGCRAGCGATTCRARAGTGATCCTCTC TATCATTGGGATCTTGCACTTGATATTGT!
GGEGAGTGCARATGCRAACGATTCARGTGRTCCTCTC I TCATTGGGATCTTGCACCTGATACTGT!

GEGAGTGCARATGCARACGATTCARGTRACCCTCTCE T GCATCATTGGGATTTTGCACCTGATATTET
GEGEEGTECAGATGCRACGATTCARGTGACCCTCT I A TCATTGGGATCTTGCACTTGATATTGT!
GGEGAGTGECAGATGCRAGCGATTCRAAGTGATCCTCTC RTCATTGGGATCTTGCRACCTGATATTGT!
GGGAGTGCARATGCRAACGATTCARGTGRTCCTCTC I ATCATTGGGATTTTGCACCTGATATTGET!
GEGAGTGCARATGCAACGRATTCARGTGATCCTCTCE WA TGCCGCH ATCATTGGGATTTTGCRACCTGATATTET!
GEGAGTGECARATGCRACGATTCRAGTGATCCTCTC CTGCCGCE ATCATTGGGATTTTGCACCTGATATTGT!
GEGAGTGECAGATGCRAGCGATTCRAAGTGATCCTCT T ER TT FTCATTGGGATCTTGCACTTGATATTGT!
GGEGAGTGECAGATGCAGCGATTCARGTGRTCCTCTC E LTTGCAGCHRATH TC}'-‘.'[‘I‘GG GATCTTGCACCTGATATTGETY
GEGAGTGECAGATGCAGCGETTCARGTGATCCTC TCEE—‘;"‘ TGCAGC s FARTCATTGGGATCTTGCACCTGATATTGT!

Fig. 27. Sequence analysis of the amantadine-resistant region of the M gene of
the tested avian influenza viruses.

(W) @-FraghulgohAl (Oseltamivir) WA 42 AE719 &9
M RNA F% 2 cDNA A : A3 71E o]&
@ Primer AA 2 A%}
-7 39 =W 278ke] B ST WA 7 A H<-8 MGB probe A4 (Table 29).

Table 29. Primer sets for the detection of the oseltamivir-resistant gene

Target Name Oligonucleotide sequence Size(bp)
F GGAAAGTAGTCAAATCAGTCGAAATG
NA R CTGCACACACATGTGATTTCACTAG 98
275H FAM-CCTCATAGTGATAATTA-MGB
275Y VIC-CCTCATAGTAATAATTAG-MGB

@ PCR Whg- A A7) E(TNT RESEARCHA}, Anti HS Tag-High-) AF&



A eF X
template 5 ul
10x buffer 2 ul
dNTP mix 1 ul
Anti HS Taq 0.5 ul
primer(F/R)(10p) ZF 1 ul
probe(10p) ZF 1 ul
D-W to to 25 ul
@ RT-PCR wk&-%H
Ste RT-PCR Cycle
p Temp Time Cycle
Initial inactivation 95T 10 min 1 cycle
Denaturation 94°C 15 sec A5cvele
Annealing 60T 1 min Y
® Oseltamivir (E}n]Z5) A& A3
- FA] vholH 2 4359 tigk EluEF A FAA AEAY, FA] vle]E oA =
AR AH BENA AR,
(th) &84 %

- AA7A olvteld -y FAAE FHEFAESE real time RT-PCR, 71He 7dts
vz glom g B oAt sty Hekdp thek ofe] mioly (A g W AFS
Sdistel 7 EEAS S AEY Bast U

- & AZFAA vlo]H ol g FAZFAAAA WA FA] 2 ZYUEH| &8 7}
5

6. 5 ASFAA vlojg A FHRAGE F|E AAF A} D FF
7} RT-PCR ¥ real time RT-PCR 7]E AJAIE A 2 FFFFH LA Y= dgxr)

(1) RT-PCR A A%
7h A a4 S22 L A
@ MMLV @MA} ik

s HHE

H o]

=

=

= 9% 24 ZA 2 Ax

22 1 RT-PCR AAIF AH&d JHAF a4
FAA S B3 F295FA T RNase H &S gloll7] siA 4719

a9 19f o] =]Jekglth. a4 AAe] HolAdS flsA His-tagol

H pQE vectord] F2435FH S (Fig. 28).
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PCR ==

RTase2}l RMNaseH2]|

RMNaseH 22 mutation =&

RTase 252 mutation =&
I

[TS07K _F310M]

RTase{(RMaseH-)

overlapping
PCR

RTase
RMaseH

Target

MR

RTase(RMNaseH-)2} pQE vector cloning
= plasmid DNA prep.

RTase(RMNaseH-)2} pQE wvector clonind
Plasmid DMNA

P - S— —B_
restriction enzyme digestion

Fo . RTase(RMNaseH-) :
B. PpQE wvector @ restriction enzyme digestion

Fig. 28. Cloning of MMLYV reverse transcriptase for direct RT-PCR.

@ MMLV SdA}b @49 GA @ MMLV 9dAF G471 S23% e JAd3ke
DH10b cell& #Hjate] HHA &5 AASAT Ni NTA columng  ©]&-3h
affinity chromatography®} cellulose phosphate column ©]-&3sfe] @z S 959 o]
Aol su® AA S (Fig. 29).

Cellulose phosphate column

ES E1D C

MNi NTA column
ES E6 E7 C

Un E2 E4 E6

E3 E4

uUn W El E2

C : contro

C : control

Fig. 29. Purification of MMLYV reverse transcriptase for direct RT-PCR.

@ A3 B 2 HAE C AARE 4dAE LS human total RNAE T3 0.2 8o
44 "H2E2EE FdUH. Dynein F3AE BHCRE 3 a4 &4 HAE Ay

12kb7HA] G HAF §EG-o] ZAIgle] FaE S g+ (Fig. 30)



HsDynein-465F_1055R: 561bp
HsDynein-1074F_2073R: 1000bp
HsDynein-2084F_4086R.: 2003bp
HsDynein-4089F_7088R.: 3000bp
HsDynein-7090F_11089R.: 4000bp
HsDynein-2084F_7088R.: 5005bp
HsDynein-1074F_7088R.: 6015bp
HsDynein-4089F_11089R.: 7001bp
HsDynein-4089F_13580R.: 9492bp
10. HsDynein-1074F_11089R.: 10016bp
11. HsDynein-1074F_13074R: 12001bp

coNpUEwNE

Fig. 30. Acitivity of MMLV reverse transcriptase for direct RT-PCR.

(1}) Taq DNA Sase] A~
M Taq DNA Tgaa9 9d % HA : RT-PCRY PCR T3 &4d T+ Taq
DNA Tasxs AAsGh d5 2dd #5785 LBAA wigkst & Iz}t PEI
AHE E3 Tag DNA FHELAE %3

< 5 We Q-sepharose
chromatography & o] &34 % 95% o] a4

BAsEA & (Fig. 31).

é& @ -3' %ﬁ 1% Q-Sepharose (Open)
a;’ﬂ qﬁ Py = 2 Q-Sepharose (FPLC)

Load uUb W x 2 g 10 11

Fig. 31. Expression and purification of Taq DNA polymerase for direct RT-PCR.

(th) One-step RT-PCR &4 HZE : AAH IHA @49 Tagq DNA Tda4LE =3
3t one-step RT-PCR %g-9] &4& H|Z~E 39lth. Human total RNAE T3 o
2 3to] 7l S%S #Rls A7 0.001nge] FHANAE Efle] ARl SEES

gkl skl o (Fig. 32).



Template : Human RMNA
Primer : Human GAPDH primer set

Fig. 32. Acitivity of One-step direct RT-PCR

(2) Wzt WA E ¢
hH A2gdA 12 534 UNGY A€ : UNG (Uracil DNA glycosylase) A]2~#1& PCR
ZIkyel A Akl wake gl WAE 98 deE AMEEE WY, 1Yy o] AlAEE
RNA HYAE 2dddts WHo] A}83E one-step RT-PCR systemoll & 83 4
slow, 1 olf= U el UNGE o] &3t 45 XA dhgo] doju= &
EG0R)AAME o] FAE AAdA w3 d7 e DNAZE 3=l 1 FH
doju= PCR Whg-¢] F@E0] AHFA7] w4,

F UNG A|2~H 32

=

(b)) webd one-step RT-PCR 7]¥te] Aghdo]s A 0SS Lo M= 2843y
S4& 2= AZE UNG 247F a3y, & dAaAdA = ofgs 54 WH5s
= UNGE A=A Al d7(Cod)ollAd 223 sto] A 2dlls AT+,

1 7HHEl AE71E 18Fol tigh A AlES FEHAA(G =)o} AAste] AlA
F A 58S (Table 30).

rob
1
ofX
i
N,

Table 30. List of diagnostic kits for the detection of animal influenza viruses

Influenza test kit Method Host Target

Avian influenza virus differential . AIV  common, Hb5, H7,

RT-PCR kit for chicken RTZPCR | chicken | g 4 NV

Avian influenza virus differential real real time hick AIV  common, Hb5, H7,

time RT-PCR kit for chicken RT-PCR | ™M™ |19, and NDV

Avian influenza virus differential AIV  common, Hb5, H7,

RT-PCR kit for duck RT-PCR dusk | {19, Rimerella and DHV

Avian influenza virus differential real real time duck AIV  common, Hb, H7,

time RT-PCR kit for duck RT-PCR ue H9, Rimerella and DHV

Swine influenza virus RT-PCR kit RT-PCR pig SIV. common, H1, H3 and
pHINI1

Swine influenza virus real time RT-PCR real time ; SIV common, H1, H3 and

kit for pigs RT-PCR big pHIN1

Equine influenza virus RT-PCR kit RT-PCR horse [IAV common, H3 and H7

Equine influenza virus real time

real time RT-PCR kit for horse RT-PCR horse | IAV' common, H3 and H7




Canine influenza virus RT-PCR kit RT-PCR dog IAV common, H3 and H7
Seaaﬁlriiemglfg’l?il;acglﬁts for dogs rRe’?l—lgl(anRe dog 1AV common, H3 and H7
Feline influenza virus RT-PCR kit RT-PCR cat IAV common, H and H7
walie | e IV common 13 and 11
Direct RT-PCR kit — Avian RT-PCR avian AIV common

Direct RT-PCR kit - Swine RT-PCR pig SIV common

Direct RT-PCR kit - Equine RT-PCR horse EIV common

Direct RT-PCR kit - Canine RT-PCR cat CIV common

Influenza A virus HA typing kit RT-PCR - IAV 15 HA subtyping
Influenza A virus NA typing kit RT-PCR - IAV 9 NA subtyping

(W) &5 B7F Aol mE Fd Bk g AASE A B A
- & 16%9 ANAES Artste]l sHFA A

£\
Avian influenza virus
differential RT-PCR kit
for chicken .
ol
\

AN,
Avian influenza virus
differential
real-time RT-PCR kit
for duck

real-time RT-PCR kit differential RT-PCR kit

for chicken .. Tor diisic \

AN ac intiienTa virus ‘ ‘::\ -
differential [ Avian Influenza virus |

[ !

R {\ \ R0 S s \ R
AIV direct Swine Influenza virus :-"'""‘“"‘ ¥ | ~ SIV direct
RT-PCR Kl\\ difforantinl AT-PCR kit s ron / RT-PCR Kit
it oveil”

——
N
3 ‘Eauine influsnza
“Equin's itilsnsa virus ditterantiar " EIV direct i
differential AT-POR kit real time AT-pCR it \ RT-PCR Kit diffcrantin) i
23 "

L

A%
I '#’u&ﬂ!‘ A virus
'HA typing RT-PCR kit |

/7 CIV direct

RT-PCR Kit

Fig. 33. Products of animal influenza virus detection kits
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h R, RadAd 7 71E AAFE] gk s iE gld A3, 1d7kx
Eo viztx 9 Solxe ¥V gl AoR ¥l (Fig. 34).
() wheba] B, Bl 1d7kA] R Ert shErekA] @i fAES g ste] A
o] Eﬂr% B fFar|ite thed ol AASSE.

v)-0) N _ Y
BEAA | A(25C) 344 T) Y5 (-207C)
Control (0 day)
3 05 005 0005 (ng/ms)
0Y =} SV AV SV AV SNV AV SV ANV NIC
e e e
25°C for 5 days 4°C for 5 days -20°C for 5 days
- 0.5 005 0.005 {ng/nas) w m 5 05 005 0005 g/nms) 5 05 005 0,005 (ng/nms)
5(?_:]']_ SV AV SV AV SV AN SV AV NTC SV AV SN AV SV AV SV AV NTC SV AV SV AV SV AV SV AV NTC
R S R R e
25°C for 7 days 4C for 7 days -20°C for 7 days
o005 (mbar) ol 5 05 005  0.005 (na/nms) g 5 05 005 0005 (ng/oms)
701_;;1]_ SV AV SV AV SV ANV SV ANV NIC hNANSNAIVh[VA]VSNA[VNTL
- —
25°C for 2 weeks AC for 2 weeks -20°C for 2 weeks
0.5 0.05 _0.005 (ng/nms) " - 5 05 005 0005 (ng/oms) 18 & 5 05 0.05 0,005 (o -[ng;‘r:r.ns)
= SV = o =
2?;(]_ AN SV ANV SN AY) AVENIG SV AV SV AV SV AV SV AN NIC SV AV SV AV SIV AV SV AV NTC
- - -
4°C for 1 month °C for 1 month
5 05 005 0005 ng/ons) 0,005 (ng/omns)
4_2'4;1]_ SV AV SV AV SV AV SV AN NIC -
-
w -20°C for 3 months
5 05 005 ooosteaoms) mM . = 005 oo0s e B
° .
37}]_&) SV AV SN AV SV ANV SIV AV NTC SV AV SV AV sy AV SV AV NTC
w -20°C for 6 months
i S50 005 (ot S 5 05 0.05 0.005 (ng/pms)
6714 SV AV SV AV SV ANV SV AN NTC SV AV SV AV SV AV SV AV NIC
4°C for 1 year
05ng 0.05 ng
14
.
[y —————— - - - - -

Fig. 34. Stability of the developed kits by chronological sensitivity test in different

temperatures.
. RT-LAMP 71E AAF A2 4L

TH(@EAA: d=RYE)




(1) RT-LAMP AJAl& Aibs A% 5519 21
- RT-LAMP AJAE A2 2 FFS 95t AR YE)o A LAMP Al eFe] A
535 HAHsta e 99 RikenAlZHE 537150 gk SAAAES do] o}

ol Aol 7|E AAF U FFo] e A,
(2) RT-LAMP 71E AJA&F A2 2 &
- 1-3dxpell et AY QIEFFAAMHPOlH A(AV) EE XHE 3 OAIV HS Xdg
RT-LAMP et¥dp thsto] FH A FxE o] AAES o
B Al¥ 9= (Table 31, Fig. 35).

Table 31. Product list of RT-LAMP kits for the rapid detection of influenza virus

Kit Method Host Target
Influenza virus common RT-LAMP RT-LAMP Animal [AV common
Avian influenza virus H5 RT-LAMP RT-LAMP Avian AIV Hb5

Nbam Infiueniza S

Fig. 35. Products of RT-LAMP kits for the rapid detection of influenza virus.
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25 25 ‘ S TEST
0157 60 60) 02 step
4 0| 0
95 600 o e e o =0 AZ
Kyoung-buk Unv. L5l 20 02 step
= i [l
9% 120 0 o i o 40 A2
- : ol
B 120170120; 1,004352,0721,A7 181/1.756 137100} E i
g PCR Lexl COMM [COM3]

< Protocol Edit 27| 3bd >

il

- 219 ¥ Protocol Edite] A stHOo=A 7h7y w4 Ao Az Edit, A4, &
=, A7 7hsete] b’ PCR 2313 $H/E ek

(2) Edit 3}

ut

Wl rzeeck Pratocal 2  SENEFTE SIS S == oo
. . - —
[ HE ‘ pnControlTop | =r
Protocal nawe  |pro2 step
Pre Cycle 1 e = Pre Temp | | 95‘ k= Pre Raup Rate 1 ‘ 3

FCR Cycle STEP|3ster J

PCR Temp Temp TAIAIZE | Rame Rate ‘ ‘ Use |Al§ j
fo 60.0) ¥ o = 2 Total Cycle Momber 40
Middle 60.0| © 0 = 0
High 95.0| T 10| = 2 Reading time 0

[ Protocal cycle |

QU

000500 0B:000 001500 002D:00 002500 003000 00:3500 00:40:00 004500 00:50:00 00:55:00 01:00:00

< Protocol Edit 34 >

- 9)¢} o] Protocol =, Real time PCRoIA &=z 9 Cycle %7, Pre heatingZ=7
TS YHEHete Editdo] dojof st ol AREAF HeolE Hujgh tdsia dE&Ho=
= PR i

|
N
~

Zb '] e mpg-2~ FYE st 7|RE dgor Y 2 (3

Screen®. 2 ZAAAIES 7 45T AlE ) WA Protocol Names 4= Ao 3fn 1
o]3}= Pre cycle(Pre-heating), Temp, Ramp rate 5= A%

- cycle WH$9] TR/HE Aesl=d (2step A, 3stepA A1) A Fhe g2 AA

- mpA o g LA FAAZF Ramp rates Yok Fol dtdtel Qi 1onbE -5

o Total cycle X5 944



2}. Running 34

Experiment Name Experiment Processing (Ile. - * =915t
ot )| Rl

nent
O START ‘ Il PAUSE ‘ ‘ ® STOP ‘

2y Exe

4,400 4450 4500 4550 4600 450 4700 4750 4,800 4850
D] Close
B 120170120; 2:004895:0600:80 180/324 -1/99

PR Texl COMM [cOM3] |

< Running 39 >

- $1¢} #o] Running 3o 23
Running ©]# StateE &ls <

- e AgF A3t oA Ade Start, Pause, Stop ofol&o] il HfZ e
3 o] AE (RGN 27 cycle/dolgt whEEol¥ETt gla).

H(Experiment Name)¥} Elaps Time, 12|31 $-Z9
o)
AA

dlo

N
i
Id

ol

- mpHEte® §20 ARH clolZe AgFel WRAH} Hvl shue] L% Profile FA
o] vhehjol

- Zb7b B RFUS & 5 9l 5Rs), £me] 217k Yol ek

- A W aee] A7 2 £27F AAT dataw mid oy AAT WREE L

Profile¥].

v}, DATA Analysis 3}

Bl Realtime PCR [ver 1.0] == =

Experiment Name Experiment Processing time *I) st

Setting
B | 1oad || process | save | | Report | [Loa Scale

akd Protocol
TrY Edit

o - | e — bttt
o | | o
P CHEN = |
0 A |CHE = [
400 { | s
e [ st |
200 I!l 5
100
0 :
1 15 20 2= £ 3 40 m
No. | ¥ell Mo. D Type Tine ct RAU [ cal - | [N =i
= AN
S 1 0.00) 88 1.0
2| 2 2 0.00 57 12.4
3| a 3 0.00 1,007 254 |F
| a 4 0.00 1,023 24.4 | PENEE
S 5 5 0.00| 883 23.4
s| 8 6 0.00 997 2.4 | NG
7| 7 0.00 1,080 =20.4 | (TSR |
8 8 0.00 1,142 16.4~ |
‘ _—
120170120; 2005059095984 179/324 -1/99 2] Gigse

B
AT PCR 2017-01-20/1 Texl COMM CLOSE




< Data Analysis 3hd >

- A¥nkgo] YA (Runninge] €4™) <o) dlolHE & 4 & FHo] 27|sHS
o 9l Data Analysis Holo]2E& r2W =7 ¥=d G5 Record HolA4dE 3}
of A% datagd 2ZtolAM datad loading 3] 99 £ A a¥xel £AE I

A=A\

R

- WA 9ol A= 2YPEZ = Aol Et 1Y 3EE Normalizing 3¢ Ct 9F Rn(RFU)E
T A 2= PFAow verloj A= Aoln, 1 olgfo] Sample Named % 17
AlckE Ct#k® Rn(RFU) #ks YERY

- Ao ® 9-S=5H Sample MZAE HES sto] Hil4le Samplewhs B 2l

S

o

T

| Protoca 138 |

6. =% ZgrHolA
7}. Heating%- ++% % calibration



Peltier A

Peltier B

Heat Sink

3 A

16 bit ADC

== A=Y

< & ZEBgolHd EAE >

- Ao AL¥ Peltier 24 MFE BF 472 2714

2lol 2784 A

- Fa Bne Al g WA e Aol

gafjof Alofell AEHE do] MAH R Fd
- Peltier &2 /WHA o2 7Hx]+= 549 HAReL
2k 54RAE Ao He 2o
- Peltier 2A= Ao S & go=zH
LT AA7F g oA Ak

- o= 93l &% MM calibratione # &3+

1

pair= X

® FPT100A
PT100B
25 A57| M

Foprst 7pgA

iV

PR 2% Ao FS
0] o
=]

’ﬂ/ﬂ (PT-100)7F 741 = 71

=7](F Fluke A4

=EA,

LNI 9217 €%



- Aol 2Ee AA £x R PTI00s T8 dAEe 2R e A4S SEshd
Peltier Alo] 2=¢] Fed3} HdAdS 4

- PWM &t A4 (A9l o8 45 225 7IFoR sfo] PWM A 4 44) st &%
5 A5 sto] o] w PT-1009] &% #H& MCUS 16 bit ADCE &3l 95

- 60E~95%2 HHE 5% HZA o7 ZA3le] raw data 7+F st A3 23 Al PWM
A F 2= Wely) glo] YA 25 fXE u PT100S B3 ADC#S +3

- H4 10% o4 PT100914 #2 ¢

il

Huly ol o] HS raw datacl 7= slal o]
Axg Fst7] 9 7 ‘:‘a“:o F/W= Fd3stglom o]& PC S/WollA] Ao
- HEWE PTI00 ghef A 2leze] Aghd 12} g8 gsto] 7%
- PT100 AlM+= %o o3t Xﬂ"% ol AP L 7Nz Ere] W3k gHolE2 Fagl
%
y=114.2x+ 39843/
/ y=111.4x+ 39954 —
—dZ (h)
< 2k ZEBd ol ogh &% AlA BRAgA >
- 9o g ZE AV A HATE Aol ¢l 2% calibrationS E3] dojR 2% Al
Al BAgAoR ex AA7F 7HA = HAE 99 ?ﬂ% Fato] AT
- 25 AA BAS Foke] oo o] i avE A
100
100 90 {
50 /
i e e :EJ’J!J’J'IJ{J’!
ol R 1 T [ O 1 o o] - -
iﬁ — ez jﬂ :’*'fl
- —AZ A%
20 20
10 10
0 a






A 42, AFoA FE 7153 AT FAA Id 7|E E Fog 77

o] &4 Bt

1. 7Ii2E Direct RT-PCR ¥ real-time RT-PCR7|Eo°]| U3 v F7}
7}. Direct conventional RT-PCR7]Eol thal A] &
- H37HE 8 719 AEH JgE J1EE o] &ste] sAlo FIF AA
- F5F2 PR8 ¥ =FAZSFAACAVY) 15 44

- 71 AlEH: RNAE FE3h= 71EE ©o]&3t9 RNA —ir%, 7]&¢] RT-PCR A
- direct conventional RT-PCR: 1x direct buffer®} 418 F(A42) 5% 3 RT-PCR AA

- Direct bufferg ©o]&3sto] S FE3te Wl 285 & Agto] 7]Eef vl 1/10i w5
- 1x direct buffer2 F%3+ &2to] At RT-PCR system .29 % &o] 7}53HA]

Q&) direct bufferE AlojA] FZ3F RNAEZ 0] &3l 7]& HP7|Eo A&
: 1x direct buffer& 01%3}04 MAHS FE3 FolA B fAAke] SEo]

?
- EE PEE JEE ol gAR A3, HEF U ZRATFAR BT A8 s

RNeasy mini kit (Qiagen 74014) 1X direct buffer (A|H& W S&H @)

I y

40~50 & &8

RNA =& RNA ===

ANHZ ZIE 7|E AP E AHE ZIE 7IE BEIE

A/Puerto Rico/8/34 HIN1 (7x1045 TCIDsg) A/duck/KR/U11-1/2007 H1N2 (1x10”4 TCIDsp)
Limit of detection : 10/-3 TCID,, Limit of detection : 104-3 TCID,,

SIV M RT-PCR (M X} E}Zl), RNA extraction using the direct 1x buffer

10° 102 107 100101102103 104 + -

A/Puerto Rico/8/34 HIN1 (7x1045 TCIDsg) Afduck/KR/U11-1/2007 HIN2 (1x1074 TCID5,)
Limit of detection : 104-3 TCID,, Limit of detection : 1040 TCID.,

o

A =
=

ok

O

°l

-

mlo

T



NANO HELIX direct RT-PCR kit, RNA extraction using the QIAGEN RNeasy mini kit

Limit of detection : 10~-3 TCIDg,

A/Puerto Rico/8/34 HIN1 (7x1045 TCIDs,)

A/duck/KR/U11-1/2007 HIN2 (1x10/4 TCIDgy)

Limit of detection : 10~-4 TCID,,

NANO HELIX direct RT-PCR kit, RNA extraction using the direct 1x buffer

10* 102 102 107

10° 10 102 103 -

A/Puerto Rico/8/34 H1N1 (7x1045 TCIDsg)
Limit of detection : 1071 TCID;,

- N - . - —
- 63]9] WMEANS AN At BEEA W WEAY Aspe] 2 o] glo] ZE
RNA ext. kit RT-PCR 1 2 3 4 5 o AVR sD o
Rneasy M common TE-03 TE-03 TE-03 TE-03 TVE-03 TE-03 7.E-03 0.00 0.00
=iprd
WXiG“lS_'}EIDs-:) Rneasy Manchelix kit  7.E-01 T.E-03 TE-03 TJE-03 TE-03 TE-03 1.E-01 0.28 2.31
Direct buffer M common T.E-03 TEO T.E-01 T.E-01 TE-02 TE-02 4E-01 0.36 0.95
Direct buffer Nanohelix kit 7E-02  7.E-01 TE-01 TE-01 TE-01 TE-01 6.E-01 0.26 043
RNA ext. kit RT-PCR 1 2 3 4 5 (7] AVR sSD v
Rneasy M common 1.E-03 1.E-03 1.E-03 1E-04 1E-04 1E-04 6.E-04 0.00 0.90
AV T
(%1044 TCIDsg) Rneasy Manchelix kit  1.E-01 1.E-04 1E-04 1E-03 1.E-04 1E-04 2.E-02 0.04 241
Direct buffer M common 1.E+00 1E+00 1E-01 1E+00 1E-01 1E-01 6E-01 049 090
Direct buffer Nanohelix kit 1.E+00 1.E+00 1E-03 1E-02 1E+00 1E-M 5.E-M1 0.53 1.02
SD; Standard deviation, CV: Coefficient of Variation
i o B = - o = 5 =
- chslAmRe A8 HeAe FASY) el 1AV &4 WFARe vlolzs 54 F A
S - ~ _ = - - o =
w3 HFAIEC AL 2 A3 PBS A g g Aol F Aol glo] HEE S g1l

A/duck/KR/U11-1/2007 H1N2 (1x10/4 TCIDsp)
Limit of detection : 10~-3 TCID,




RMNA ext. kit RT-PCR Results

BEF Rneasy M comman 7E-03
(7X1045 TCIDsn) '
Direct buffer Manohelix kit TE-01
RMNA ext. kit RT-PCR Results
=R OIEFAR
(1X10~4 TCIDe) Rneasy M common 1.E-03
Direct buffer Manohelix kit 1.E+01

L}, Direct real-time RT-PCR7]Eol thsl A]lg]
- F37HE 8 719 AEH JgE JEE o] &ste] FAlo] I AA
- 2% PR8 % Z{RJAZFAA 15 HAA
- 71 AEW: RNAES F=3h= 71EE o838t RNA F=, 71£9 real-time RT-PCR
ALA]
- direct real-time RT-PCR: 1x direct buffer®} 41 3 424 58 & RT-PCR A4
- 1x direct buffer® F%3F d4to] Awt real-time RT-PCR systemS.Z9] & &o] 7}&
A 2Rl Hdll direct bufferg 41014 F&3 RNAE o]&3lo] 7|& 7| E] 2§
D 7]1E9] systemol AE310S wl Ctto]l L% shift¥E & Fl(Ctgke]l 179
A 345 ZF7pstoen, JidEl dA system(lx direct buffer 2 PCR system)ol] %
goto] Algsl & Az 7|9 A@Hoel vls Ctakel tha AA S7lkste s & &
(Ct#k, 23)

—r}

N

RNA F& 7|EE o83t F=3 fda= /e 7150 A&t 2, Ceakol 18
Az 7]E0] AW FAE 2] 2 Bole AL EelsiS.

oo

- T BRoAE 7]ES Al Hl§)] WE2 AS g9l
- 99 Ad Ay=E v F o] direct real-time RT-PCR 7]E W9] 1x direct bufferE 9]
L3t FE3 FAAE AR EE 7 Eo HJsEE FAo] Ho S

Amplification Curvas Amplification Gurven

£ s

Fhuresconce {45.510)

4 i
T 4 V4
.‘? f

i / / . / | ) /
- S

24 05 8 0OW”W OWOB OB oA RAF A B R N E B L LM 2 4 8 o W B R RN FE N R E R N OC A
Eyeles Cyeles

=FE 0]&3} direct real-time RT-PCR

B

=

F5E ol8% /1E N b)

=

a)

t}. Direct conventional RT-PCR 7|E #7}



ke Sl A= T4

PBS 343 Al B IAV 54

278 AP o] gste] 71E 7

E 37}

- APAd Ve AEY
i A= Aol e AS &
Ae AE BAS

7NE

L

M5

] T 3lo]
=

o -

18k o0,

o H]3l direct conventional RT-PCR® <] "Izt
ol= AV &4 H|FA| R A&

ol 4%
Alzo vlo]lH2E s AldT 27 AA
WE direct conventional RT-PCR A& 7o) 7]

%7} 100~1000
@ AgelE 5

- 1AV &4 H1§A1§0ﬂ 288 & A3, PBSell 483 w3t At & Aol7t glES #H<
RNA ext. kit RT-PCR 1% 2% E¥ AVR sD cv
SV REF
(3¥10%3 TCID=a) Rneasy M common 3E04 3E04 3E04 3E04 0000 0000
FBS dilution
Direct buffer Manohelix kit 3JE04 3E02 3EM 1ED01 0185 1.500
RHA ext. kit RT-PCR 14 24t 34 AVR sD cv
SV REF
(3X10"3 TClIDsn) Rneasy M common JE04 3E04 3E-058 2E04 0000 0742
ad HEAME
Direct buffer Manohelix kit 3E02 3E01 3E01 2E01 0158 0742
- =AY Ax o] Aelrt Ve A FAA FEIA] flo] A ATt vl
Eot A7) 870 4w, e w=FHORE FA4 FEo| shsdnte o) 43
o= vjRe] B JES olgsle] Ame| IAV ~AYdE Bgo] FsH Ao AR
=)
I .

L. SIVE 0|8 7|& MEY

SIV M RT-PCR (MEDIAN TITHo) RNA extraction
using the QIAGEN RNeasy mini kit

., 102 10 100 107 102 102 109 105 -

T =l direct 7| E =7}

NAMNO HELIX direct RT-PCR kit
RNA extraction using the direct 1x buffer

A/swinefiowa/15/30 HTN1 (REF 21, 3x1073 TCIDgg)
dilution using the 1x PBS
Limit of detection : 104-4 TCID,

Il. IAV 24 H|E A|RE 0|88 7| & AlEY

SIV M RT-PCR (MEDIAN TITholl) RNA extraction
using the QIAGEN RNeasy mini kit

102 10! 10° 101 10 1077 104 10 - +

Afswine/iowa/15/30: H1N1 (REF 21, 3x10%3 TCIDs,)
dilution using the 5-20160827 4 H|Z A2
Limit of detection : 10~-5TCIDs,

Direct real-time RT-PCR 7|E #H7}

Afswine/iowa/15/30 HINT (REF 21, 3x10~3 TCIDgg)

dilution using the 1x PBS
Limit of detection : 104-1 TCIDg,

U 7= direct 7| E HI}

NANO HELIX direct RT-PCR kit
RNA extraction using the direct 1x buffer

- 17 10" 10° 107 10% 10°
—

—

Afswine/iowa/15/30 HINT (REF 21, 3x1043 TCIDsg)

dilution using the 5-20160927 84 H|Z AlR
Limit of detection : 10"-1TCID,



»

- 71E 971E e HAJNZFAA FEulol A AA
- PBS 4% AT %AV 4 HF ARl vteld2E 4% AP 27) 44

- 270 AlFTES o] &3] 7]E 2 JEE direct real-time RT-PCR AldW 7+¢] 7|E

=~
37}
L i
o i
| e
= e A W b L o i *
a) 7]& AW b) direct real-time RT-PCR

- Ad Ay 71E9 A@Ho| B8] direct real-time RT-PCRE o]&3F Ao Ctgho] &
%o ® shiftdl 43S Hole= A& g9l
- & H|EA B A& E A3 PBSo| HL3sk 73} 73J,1roﬂ Z z}ol7) gL

[e]

T =
PCR, real-time gqPCR®] E-Z ol % ]?:1_1715]1/‘]‘01] 31%0}7] o+ WAL dormg Azt
W2 A2 E AHgslof st s Algsle AS 1

e D7 E ok L Hr}
7HIAV A 2 F48 AIRE o] &5kl i direct 71E A& AR AA
- oF9] AR 484 (Rl B Hx2)E o] 8T VIS AlER B IR E JIES HEAY A

(1) Direct conventional RT-PCR ¥ 7|E A& Ag Az}
- Direct conventional RT-PCR9] 4% 7|9 real-time RT-PCR ZA¥}¢} FAFsH A3}
Bel

- mE A AR WE, x4 2 £Re) AR B 444 d%0] sde

—_



* Nanohelix kitE 0| 2%t OIJA| & HE A& 21t

1 2 3 4 5 6 7 8 9 101

6 Lane9:S-160323-14
7 Lane 10: 5-160323-15
Lane 11: Negative

@

Lane 4: 5-160323-9

Lane 5: 5-160323-10
Lane 6: 5-160323-11
Lane 7: 5-160323-12
Lane & 5-160323-13

Lane 1: §-160323-16 Lane 9 : 5-160323-24
Lane 2: §-160323-17 Lane 10: 5-160323-25
Lane 3: §-160323-18 Lane 11: Negative
Lane 4: §-160323-19

Lane 5: §-160323-20

Lane 6: §-160323-21

Lane 7: §-160323-22

Lane 8: 5-160323-23

lane 1:5-160518-1  Lane 0 : 5-160518-9
123456 78910111213 Lane 2: 5-160518-2  Lane 10° 5-160518-10
lane 3 5-160518-3  Lane 11 5-160518-11
Lane 4 5-160518-4  Lane 12 5-160518-12
lane 5:5-160518-5  Lane 13 5-160518-13
Lane 6 5-160518-6
Lane 7 5-160518-7
Lane 8 5-160518-8

Lane 1: 5-160906-94 Lane 9 : 5-160906-102
Lane 2: 5-160906-95 Lane 10: 5-160906-103
Lane 3- 5-160006-26
Lane 4: 5-160906-97
Lane 5: 5-160906-98 : 5-160906-106
Lane 6: 5-160906-39 Lane 14:-5-160906-107
Lane 7: 5-160906-100

Lane 8: 5-160206-101

(2) Direct real-time RT-PCR ¥ 7|E A& A& Ay}
- Hlolg]~7} Bald AR 570 F 2709l A direct real-time RT-PCR(XIGF Al&@H)E 7

==
=
M52C/253R = = =
= A H= S == SYER _ Virus Direct  |Direct real-time
realtime RT-PCR isolation | RT-PCR RT-PCR
1 5-20160323-6 Cr - 197 8] + 328
2 5-20160323-7 =] - - = + =
3 S-20160323-8 o - 25.5 - + -
4 S-20160323-9 o - - = _ —
5 S-20160323-10 o] - = = = =
B 5-20160323-11 o - = 14 T 1%
£ 5-20160323-12 o - - = _ —
[} 5-2016 3-13 o] - - = = =
9 5-20160323-14 (=] - 15 = i =
10 5-20160323-15 o - - = = =
11 S-20160323-16 - o 207 - - -
12 S-20160323-17 - o] 227 - - —
13 5-20160323-18 - o] - = - =
14 5-20160323-19 - o - = = =
15 5-20160323-20 - o] B o = 5
16 5-20160323-21 - o] 253 - - -
17 S5-20160323-22 - o - = = =
18 5-20160323-23 - o] - = = L
19 5-20160323-24 - o] - = = -
20 5-20160323-25 - o - = = =
21 £-20160518-1 O o = - s
22 5-20160518-2 Ci - - = = -
23 5-20160518-3 C - - = = =
24 £-20180518-4 o] - 15 = i =
25 S5-20160518-5 o] - - = = _
28 5-20160518-6 = - - = = =
27 S-20180518-7 o] - 15 5 12 "
23 S-201680518-2 =] - - = _ _
29 5-20160518-9 =] — 5 = = =
30 S-20160518-10 - o - = P =
31 5-20160518-11 - o 155 o + 301
34 5-20160518-14 - (o] - = = =
35 S-20160001-94 5] = - = 35T
36 S5-20160901-95 o] - 275 - - 300
37 5-20160901-96 o] - 190 o + -
38 5-201 60901-97 o] - 184 (o] - -
39 5-20160901-98 o] - S = - _
40 5-20160901-99 o] - 313 - - -
41 S5-20160901-100 o - - = - =
42 S-20160901-101 Cr - - - - -
43 S-201605801-102 o - 3240 - - -
44 5-20160901-103 - o N 2 . 243
45 5-20160901-104 - (3] 288 - -+ -
L S-20160901-105 - o] 146 O - -
47 5-20160901-106 - o 284 - - -
48 S-20160901-107 - o] = = _ _




3. 1~2apdx H44 #%

7h H7HE EE vpoly s Bn
(1) Q9=F<x A vlo]2f2 HA subtype ¥ ¥+ wlolg|~ g
O &7, A, &, /| JAEFAA} vlo]l e~ F8 subtype SHE

- X5 AZFodA vlolel 29 HA$ H1~HI16 subtype ZHE

- HA JAEFIA; vlol o] AS- AR 13 < FAFE A F 7} lineagegs IR
T 9+ strain &E

- W IA A F33}= American lineage Florida sub lineage Clade II strain 2HH.

- N JAEFAA vpol 2o A4 20139 EElFE A 3 T HlolHAE Ui

Species subtype viruses
HIN2 A/duck/Korea/U11-1/2007
H2NS A/wild duck/Korea/SH38-51/2010
H3NS A/duck/Ukraine/1/63
H4N6 A/duck/Czechoslovakia/56
H5N3 A/duck/Hong Kong/820/80
H6NS A/seawater/Australia/1/72
H7N1 A/duck/Hong Kong/301/78
Avian H8N4 Al/turkey/Ontario/6118/68
HIN2 A/turkey/Wisconsin/66
HI10N7 A/chicken/Germany/N/49
HI1N6 A/duck/England/56
HI12N5 A/duck/Alberta/60/76
HI3N6 A/gull/Maryland/704/77
H14NS5 A/Mallard/Gujev/263/82
HI15N9 A/Mallard/Australia/2576/79
H16 A/BGH/Sweden/2/9
HINI1 A/swine/Korea/25-13
Swine HIN2 A/swine/Korea/E102
H3N2 A/swine/Korea/CY 10/2007
Equine H3N8 A/equine/Wildeshausen/08
H7N7 A/equine/Prague/56
Canine H3N2 A/canine/Korea/BD-1/2013
pandemic pHINI1 A/swine/Korea/GBCG01/2010

(2) & AFS o183 vpolgx 34 L 53

ot

o



217k =2, chilling ¥ allantoic fluid

[>
%
ofN
o
w
o

O 9~10¢ L&3 SPF Febo] 7} nlo]e]

= =
71
(2% 1 )

I I 3 days after, eggs were chilled at 4T overnight

Allantoic fluid harvest

Remove shell Harvest allantoic fluid

Pull back allantoic membrane
o

P
a" 1 T A4S R 75

(3) Hemmagglutinationn assay(HA)E ©]-&3F vlo]g| 2~ A7} 54
o]-&3 wlolel 2ol ArtE 4 W

- HAx= 83k nlolg 29t o &

- 27 2N, A AEFAA vrol g 29 A§- 0.6% chicken red blood cell (RBO)E ©]
&3] dpolg 28t 4023 Wk, E97F SR E = A w7k A s

- & JAEFFNAY] H§- 0.5% chicken RBCE ©]&-38}o] nfe]g|29} 6021t vk,

SR B e

[e)

o



Control 270

273 274

- ¥ OH S

13 2. Hemagglutination assay

(4) MDCK A2ZE o]&3% TCIDsy 97} 54
- 9= 5

= 1

QokiA ek vlolel 22 107 3§14 ¥ 8 well

HE, 3-4Y97F v

- AEZWHAZFIHCPE)7F Rol= welld AR & Reed-Muench methodsE ©]-83lo] A3}
=
==

[e]

i 371

v 71 i AEF QA AEY vla B4
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T Primer sequence (5'-3") size
2009 Z=3) o -4 3} M-com-F1 CTTYTAACCGAGGTCGAAACG Influenza M
A78¥ primer set  M-com-R1 ~ TTGGACAAANCGTCTACGCTGC (244bp)

OIE Manual M52C  CTTCTAACCGAGGTCGAAACG

(Equine Influenza
T2 HE8)

Influenza M
M253R  AGGGCATTTTGGACAAAGCGTCTA (210bp)
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Viruses TCIDso/ml | 25|15 |05 [-05|-1.5|-2.5|-3.5| detection limit

Afswine/Korea/25-13 (HINZ) MS;(L:I,‘/J225 T if,’ : Zi
Afswine/Korea/ELO2 (HLN2) Msélclszzsak 13 :;;
Afswine/Korea/CY10 (H3N2) M5;(LZ/,{/J2253R 18::22
Afcanine/Korea/CY003 (H3N2) MSSC//J; = Tt
Afcanine/Korea/CS036 (H3N2) M5;1c7225 = 18:1?
Afequine/Miami/68 (H3N8) Msf(-:/;JZZSBR 18::22
Afequine/Wildeshausen/08 (H3NS) Msij(-://JZzSBR 18::22

- oFQJA = spiking HAF A3} 7]ET FANSEAY L FoA W=}
- AA HoZ M52C/253R Zgto|n MES wHIZEr} ¢ £
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7H HA typing= $3%F RT-PCRY A %
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Subtyping of Avian Influenza Viruses Hl to H15 on the

Basis of

Hemagglutinin Genes by PCR Assay and Molecular Determination of Pathogenic

Potential.,

Noriyuki
Masaji

Kaji,
Mase.,

Kotaro Suzuki,

2008., Kenji Tsukamoto, Hisayoshi

Ashizawa, Koji

Nakanishi,

Masatoshi Okamatsu, Shigeo Yamaguchi and
JOURNAL OF CLINICAL MICROBIOLOGY, Sept.
3048-3055 Vol. 46, No. 9

TABLE 2. Primers used for subtyping of HA genes of Al viruses

Primer

No. of mined

HA subtype  idemification  Sequence position  Siandard HA gene  Product size (bp) Primer sequence R R
na.
H1 535 HI1-883F AF091309 301 YDTCGATGCTCCRGTYCAY 3
536 HI-1273R TGYTCYTTRCCYACYGCWGTG 6
H2 479 H2-892F L11127 343 AAMMCTTGAAAAYTGYGA 4
481 H2-1234R TTCAATCACAGACTTYACYTTG 2
H3 486 H3-91%F CY006031 376 GYATYACTCCWAATGGAAGC 3
488 H3-1204R ATTCTYCCTTCYACTTCDGA 3
H4 151 H4-758F M25283 421 TGGACWATTGTRGADCCWGGA 4
204 H4-1179R GCTGCCTGRGTVGAYTTGAG 3
H5 491 H5-918F u6e277 249 CCARTRGGRKGCEATAAAYTC 3
571 H5-1166R KGTCTGCWGCRTAYCCRCTY 6
Hf 511 H6-8T0F CY005691 387 TCARAYYTDCCAATHGAGAA 5
512 HA-1256R YTCRTGVTCEACWGCYTCRA 7
H7 445 H7-937F M31680 241 ATYAAYMSYAGRRCWGTRGG 9
496 H7-117TTR GATCWATTGCHGAYTGRGTG 4
HE 159 HH-854F CY0ns970 376 GGCAGAATAATYCAAAATGA I
208 HE-1229R TCATYTTGTCAACTATATTGTTGAC 1
HY 560 HY9-943F CY005639 554 CACAATGTMAGYAARTATGC 3
577 HY-1406R TCCAT GCAYTGRTYRTCACA 4
H10 533 H10-935F CYD14619 in AAYYTDTCMCCDAGRACDGT 7
501 HI0-1245R TCAGAYTCTATRKGAYYCRAAC 5
HIil 165 HI1-B58F AYHRAR05 410 GGAAATGGGAAAYTGTTCAG 1
514 H11-1267R AATTCRTGTTGHAYAGACTC 3
HI12 543 HI2-T76F CY005925 368 CARACWGTVAARATACARAC 3
344 HI2-1143R CCYGTYCCYTCHGMRTTYTG T
Hi3 169 HI3-B56F AYGRARET 337 ATTGARGARTATGGAAAAGG 2
421 HI3-1192R GTYGAYTCTTTRTCTGCAGC 3
Hl14 171 HI4-863F CYD14a04 252 GAGCACAGTGCTTAAAAGTG {0
422 HI4-1144R GCATTTTGRTGCCTRAATCCATACC 2
H15 515 HI15-828F L43916 273 CCGCTCTAATGCCCCWTCRG 2
413 H15-1100R TCGATGAATCCTGCAATTGC 0

1}) HA subtyping RT-PCRWY 23 43

2008, p.



- HA1~HALS nlo] =5 o] &3k A3 A3

(3) AEF

,

2008 =0 H ¥l RT-PCRE xzlo]lm AE (2008, Kenji et al.)E AZ}ste] 23
B A3 FFETE HFsL Y= BE HA subtyped] Wd] HAESHAE= E3oH
o]+ Hlo]# 2~ 9] lineaget} subtypeol] W}t Aolst A3E BY = A= Ao = AL

=4,

% REF : Subtyping of Avian Influenza Viruses Hl1 to H15 on the Basis of
Hemagglutinin  Genes by PCR Assay and Molecular Determination of
Pathogenic Potential.,, 2008., Kenji Tsukamoto, Hisayoshi Ashizawa, Koji
Nakanishi, Noriyuki Kaji, Kotaro Suzuki, Masatoshi Okamatsu, Shigeo
Yamaguchi and Masaji Mase., JOURNAL OF CLINICAL MICROBIOLOGY,
Sept. 2008, p. 3048-3055 Vol. 46, No. 9

HI H2 H3 H4 H5 H6 H7 H8 H9 HIO0 HI1 HI2 HI13 H14 HI5 (-)

1] 3. HA subtyping® Xz}o]w A& A)d

A2 A \bolel 2~ NA 78 7]¥ RT-PCRY #7F

7b) NA typingS 918 RT-PCR¥ A % primer set AZt
- 719 Ba1¥ NA subtyping® RT-PCR A& #HA
¥ REF : Rapid molecular subtyping by reverse transcription polymerase chain reaction

of the neuraminidase gene of avian influenza A viruses., 2009., S.R. Fereidouni
, E. Starick , C. Grund , A. Globig , T.C. Mettenleiter , M. Beer , T. Harder.,
Veterinary Microbiology 135 (2009) 253-.260

Table 1

Primers used in this study for RT-PCR and sequencing of influenza A virus neuraminidase (N) gene fragments.

Name Orientation Sequence (5 — 3) Length Position in Expected Accession no.
(bp) reference product of reference

sequence size (bp) sequence

N1-F Forward AGR'CCTTGYTTCTGGGTTGA 20 1209-1228 126 AJ416625

N1-R Reverse ACCGTCTGGCCAAGACCA 18 1334-1317

N2-F Forward GCATGGTCCAGYTCAAGYTG 20 548-567 362 A]574906

N2-R Reverse COYTTCCAGTTGTCTCTGCA 20 909-890

N3-F Forward AGATCRGGCTTTGAARTCATCAAAGT 26 1126-1151 247 CYDO5741

N3-R Reverse CATTGTCTARTCCACAGAAAGTAACTATAC 30 1372-1343

N4-F Forward TGCATAAGATTCAACAGTGA 20 925-944 456 CYD04989

N4-R Reverse GGTATCAGAATTAACACCACA 21 1380-1360

N5-F Forward GTTATTGGGTAATGACRGAYGGTC 24 724-747 193 CYD04374

N5-R Reverse GGTCTATTCATTCCATTCCAA 2 916-896

N6-F Forward GCIACAGGAATGACACTATC 20 52-71 265 CYD04311

NG-R Reverse GRATGTGCCATGARTTTAC 19 316-298

N7-F Forward GTYGACAAYAACAATTGGTCAGG 23 1211-1233 183 AY340077

N7-R Reverse CCCAACTGRGAITGGGCT i8 1393-1376

N8-F Forward GOTCAGGATAYAGYGGTTCYTTCAC 25 1216-1240 145 AX225077

N8-R Reverse CCACACATCACAATGCAGCT 20 1360-1341

N9-F Forward AACACIGACTGGAGTGGYTAC 2 1216-1236 166 CYD14689

N9-R Reverse GGAATTCTGTRCTGGAACAC 20 1381-1362

* Codes for ambiguous bases position and NTP analogues: R=A[G, ¥ = C/T, | = inosine.
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23 $87F Bkl 9= NA subtype E5o disid HEeol 7Fedhs &<l
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e
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713 4. NA subtyping8 2z2}o|H g A3

¥ REF : Rapid molecular subtyping by reverse transcription polymerase chain
reaction of the neuraminidase gene of avian influenza A viruses.,
2009., S.R. Fereidouni , E. Starick , C. Grund , A. Globig , T.C.
Mettenleiter , M. Beer , T. Harder., Veterinary Microbiology 135
(2009) 253-.260

& @ H3, N8
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Target methods Subtype references year Jomrnal aim Test
Inf 4 ;

Inflpenzad  Tgian Sov flu & CDC pr_otocolufreal time PCR 2009 WHO Infa
forinfluenza & (HI1N1) sCresing
SwHL
Real time RT-PCR for detection and American society EIV screening M

Equine  SYER green M/H3 2005

Quantitative analyss of EIV, Cullinane & for microbiology (OIE manual) Detection

Ceevelopment and evaluation ofonestep Journal of clinica
Tagmar real time BT PCR assay targeting 2009 microbiology
Np, Mand Ha genes of EIV, Zhengchen Lu (JCM)

CIV and EIV
H3 detection

Equine Tavigas  Ba and HT
iCanine 4 MPand M

Real ime RT PCR. for detection of EI and

Equine Tagmat H3NE evaluationusing samples fom 2009 MYE?;&:?? EIV H3
horses from infected with H3NE &
NA subtyping of ATV wath pnmerhunter
Equine - g CIV N2 and
iCanine 5 {BRgreen NZINE designed primers and quadtplizate 2013 PLOE OME EIV N2 typing
primerpools
- Hi H3 Real time RT-PCR assays for the detection J Vet Diagn
e Tagmman, N1, N2 and differntiation of Narth Amencan 81V 200 Inwest BRIV HiNtyping

W) AEFMA A 35 HE48 real-time RT-PCR H 7}
2005%1 Mlchelle Sol 98] By =Fo] AAE M52C/253R EEko|H HEEZ o]&
3l SYBRE ©] 83 real-time PCR 37} A3}
; Invitro transcription(IVT)E o]&3Fo RNA A2+ 33] vk 218 2 STDZE A=

)



Fhoronc e (485 511
i~ ]
=

e
3344
o
RNA conc. Cpl Cp2 Cp3 Mean Cp Std Cp
7x1076 12.36 12.11 12.19 12.22 0.13
7x10"5 16.41 15.91 15.89 15.90 0.01
7x10™4 19.64 19.53 19.53 19.57 0.06
7x10"3 23.60 23.64 23.47 23.57 0.09
7x10™2 26.66 26.47 26.89 26.67 0.21
7x10™1 31.29 29.79 30.92 30.36 0.80
7x1070 - 33.25 32.84 33.05 0.29
7x10"-1 39.90 - - 39.90 -

- A3 A3} ok 7 copies number® RNA7ZFA] ¢t o7 AZd= AL &2l
¥ REF : Real-time RT-PCR for detection and quantitative analysis of equine
influenza virus., Michelle Quinlivan, Eugene Dempsey, Fergus Ryan, Sean Arkins,
and Ann Cullinane. JOURNAL OF CLINICAL MICROBIOLOGY, Oct. 2005, p.
5055-5057

(5) J% Az} A wle]el2 HA, NA subtyping #'E 38 7] realtime RT-PCR %7}
7hH 257 2AZFelxk HA, NA sub typing$ real time RT-PCR 72}
: H1~H16 2 N1~N9 subtype®l] g+ SYBR green real time RT-PCR primer set H.il
¥ REF : SYBR Green—Based Real-Time Reverse Transcription-PCR for Typing and
Subtyping of All Hemagglutinin and Neuraminidase Genes of Avian Influenza Viruses
and Comparison to Standard Serological Subtyping Tests., 2012., Kenji Tsukamoto,
Panei Carlos Javier, Makiko Shishido, Daigo Noguchi, John Pearce, Hyun—-Mi Kang, Ok
M Jeong, Youn-Jeong Lee, Koji Nakanishi, and Takayoshi Ashizawae., Journal of
Clinical Microbiology p. 37-45



TABLE 2 Primers nsed for detecting NI genes and subtyping HA and NA genes of AIVs by rRT-PCR

Ma. of Final primer
Frimer Position an Accession  Sive mined base  concn Dissociation
Subdype Linesge® identification  gene’ o lbp)  Sequence® postions  {pmaolipl]  temp (MC)
H1 Eua [T HI-887Fen AFAIIE 305 CATOCTOCRGTYCAYAATT 3 I B384
B7T HI-119[Hew TTTIGTGTCCTYTTY TGAT 2
Am aagr HI-BETFam AFA1I08 305 CATRCWCCACTYCATYAAYT 5 T 8184
as0r HE-1191Ram TCTCYCTECTYTTYTCRT d
H2 Eo+ Am 479 HI.E92F LiTi? 33 AAMMCTTGAAAAYTOYCA 4 z B384
[ HZ- 12341 TICAATYACRGASTTIYACYTTG 5
H3 Eo+ Am 485 H3.919F CYINE031 376 GYATTACTCOWAATGGAACT 3 [ B384
EERE H1ZHH ATYCTYCCTTOY ACTTCIMGM 5
He Ea + Am BE3* H4-B96F M2I5IE3 284 ACYAARTCYCAYACHCACA 5 1 B85
T3Eb HE-1179R GCTCCCTCRGTVGAYTTEAG 4
H5 Eo+Am 49] H3-918F gezrr 261 CCARTRGOKGCEKATAAAYTOC 5 Z 8385
L H5-1178R CTCTRCAGURTAYCCACTYC 3
417 En 511 He-EHF CYI0SE0] 387 TCARAYTTDOCAATHCAGAAN 5 z 81
BESE. He-1256Hen TOCTGRYCKACAGCY TCRA 5
Am 511 H&-8HIF CYISG81 387 TCARAYYTDOCAATHCAGAA 5 3 )
il H&-1256Ham TCRTGSTCKACWCCYTCRA [
H7 Ea BIS* H7-837Fen M3IEEe Ml ATMAATAGCAGROCARTRGC d 2 %]
495 H7.1177R CATCWATTGCHCGAYTORETS 4
Am al16F H7-837Fam M3 Ml ATCAAMCYCYAGRACWOTEGE 5 T B3
495 H7-1177R CATCWATTCGCHCGAYTGRETC 4
HE Eo+ Am 159 HB-854F CYI5IT0 376 GOCACAATAATYCAAAATGA 1 1 B84
[ HE. 12260 TCATYTTRTCAACTATATTR 5
HY Ea TEIF HE.852Fen CYII5638 312 ACTAA RTAYOCRTTYGGRA 5 ] BI-RS
TEY He 1263 e TCRCTCAAYTCATCATCRA 5
Am T HEL919Fam CYDOSE38 311 ACCAAATAYGCATTTGCOGA 1 2 B3-85
TRl He-122%Ram TCAYTGAATTCATCATYAA 2
HI Eu Ba5r HID935Fen CYDHIAGIT 311 AAYYTRTCACCVAGRACACT 5 E B3-85
501 HIM-1245Reu TCACGAY TCTATRGAYVCRAAC 5
Am RS HID935Fam  CYH4EI9 311 AATCTTTCMCCRAGANCTGT 1 4 BI85
BT HI0-1245Ram TCACGATTCTATCCATTCCAMND o
Hll En+ Am &5 HII-858F AYEE4EE5S AN GOAAATCGCOAAAYTCOTTCAD 1 ] B384
514 HII-1267R AATTCRTGTTCHAYAGACTC 3
Hi2 Ea 543 HIZ-TIEF CYDOE915 368 CABACWOCTVAARATACARAC 5 1 2486
e HIZ-1143Eeu CCYCTTCOCTCROARTIYTG 4
Am 543 HIZ.TTEF CYIIS9I5 368 CARACWOCTVAARATACARAC 5 I &1-Bi
G3r HE2-1143Ram CCTCTOCCYTCYGCRTTTTG F;
H13 Eo = Am 59 HILB56F AYGBBRT 337 ATTGARCARTATOCAAAAGDE 1 &) 2}
471 HI31152R CTYCAYTCTTTRTCTGCAGC 3
Hi14 Eo -+ Am I71 HI4-863F CYIH4604 287 CAGCACACTOCTTAAAACTC D & B
477 HIA-1144R GCATTTTCGRTCOCTRAATCCATACT 2
HI15 Eo -+ Am 515 HI5-B28F E43916 13  COGCTCTAATCOODCCWTCRG 2 (15 L2}
423 HIZ-1100R TOCATCAATOCTCCAATTCC [/}
H1& Eo+ Am Ba5" HIG-834F AYGSIERE 371 CMTAYATHATTCAGAARTACG 4 I .
gz HIE-12MRE GTTCTTATY TCATYTATEGC F;
N1 Eo = Am 685 N1.54F CY0W31 245 TCARTCTCYATCRYAAYTGEO 5 05 Bl-82
448 NI.J98R GORCARAGAGAKGAATTOOC 3
N2 Eo -+ Am 470 N2.59F CYDG306 7R TYTCTMTAACYATTGCRWCARTA [ 4 [
695 N21.330 CARTTCTCY TTRCARAAVCC 5
N3 Eo+ Am 657 NiI-79F AYGS027Z 28] GUCCTTCTYATYCOGRRTEGCORAM B Z 2283
688 NI-MEH ACTATDRCRTCYTTGTTYTC 5
N4 Eo+ Am 483 Ne-55F CYIO3BE 2136 ACTOYKAGYATTRTAYTRAC & z 2182
484 N4-290R ARCGTCTYTYCCACTRGARTA 5
N5 Eo+ Am 509 N5-115F CYI0SE03 178 GARTAATATCACYRACVAAAG 4 1 8081
B7 N5-T79R GATACATYRCACACACCTTC 2
NG Eu-+ Am BB M6-57F CYNOSEed 260 AGCAATCACACTATCSCTAGTAAG 1 1 B0-R1
Bq Ni-WTE CAYACRATRTCOCATCACTTYAC d
NT Eu -+ Am 472 N7.53F CYIO3T 261 TOWGCAGCTCOCMATACGCACT 2 05 8082
473 N7I13R CACKACOCAYOCTTCAACWTTG 3
N8 Ea a7 XNE-53Fen CYI0U056 137 CATRTVETBACYATYAYARTAAC 7 4 T9-80
=] NE-NER ACAYTRCYATTCTROCATTC 4
Am TEEY NA-53Fam CYIO056 137 CAYATACYTACYATYACARTAAC 5 2 To-B0
=] NE-JER ACAYTRCYATTCTROCATTC ]
N9 Ea 6491 Ko bdFen CYDOAF 727  GTAATACGCACRATYGCAGT 2 1 Bl-82
642 N FRen CCTTTRCTYARBTTATTCAA 4
Am Tanr N AdFam CYIOTDE 227  CTRATAGGCAYRATTGCACT 3 I B1-82
T NG J0Ham CCTYTRCTCARRTTRTTGAA 5
NP Eo+ Am 551 KP-11aF D0G4436 330 ACRTAYTGCOCYATAACRAC ] 1 B5
B0S NP-152M4R GCATTGTCTOOGAAGAAATAAD o
9 Eu, Ennsian linsape gemes Am, American linesge genes.
¥ Primer npdated In this study.

“ eu, Eurasion ineage: am, American ineage: netiher, commaon Iinesge.
& Codes for mized Basas thaldface]: B, CA0T: B, AMGIT B, AVTICS K GIT: M, AR T, ARV, ASCIC: W, AT Y, OO

W) Z7FAEFAAF subtyping HA1~16Z 93 real-time RT-PCR X#lojw H7} 2 A
- HA1~16 Zgtolm AEE o]&ste] nfole]=9ko] wkg-Ad Z<2l(conventional RT-PCR
A3
; lineage M= JHAATL A= B FF voly A e
- 22 lineaged| 473} avian¥} swine H30lA 733k wh-gA &2l
. RT-PCR 27} HA6, HA8, HAQo| A= whgAe] gl= 2g &



HA gene_RT- PCR

LU

#48 Ref4 Ref6é | Ref7

Refi0 Refs Refd | Refl0

- Real-time RT-PCRZ 27}9] 71‘5?“ }%5}‘# APE Agsiglen 71Ed we 234

O
37} A% gelahe el (33) W Y A
TakaRa SYBR one step Real time PCR Kit Qiagen SYBR one step Real time PCR Kit
- HA (Cat. RROBEA / Lot AK2801 / Exp. Aug.2016) | (Cat. 204243 / Lat, 151032157 / Exp. July 2016)
e (lineage, sizelbp) | ‘
cP1
(EUH'?,losy 3165 3145 ¢ 309
He 3588 . 3559 . 36,55
(Fust A 376) 3082 0 307 3114
(Eus Aan 284 848 1992 | 2367
 (Eu+Am, 261) | : _
H7 i i =3
(Eu. 241) 2254 | 2284 | 2293
Avian 5 333 | 3344 | 3335
Gy | 2R | s 2227
(Ar:la?sg) 3261 327 3343
(Emﬁf 327, 265 26.3 2643
B 5 B & o
G I
H15
e I
H16 . i—
(EurAm, 371) 3339 3353
HI (#38) . . i i . . j i
H1 (#38) : : :
Swine aluareick) ey 7 : ) : ) : & : e
(i}“ (#3‘:].1;) 35 35 35 35.00 : : : :
B 3 3% 35 35.00 35 ¢ 3 35 35.00
. H3 (REF30) : 1 : :
Equine feut Arn, 376) 35 : 35 35 35.00 - : - - -

- RT-PCRoI A ¥F&-AS H Ol swine HA30A F2o] dojuhA] ¢3S ol

th QAZFMAF A vlo]#]~ NA subtyping 77 E 7|&£ realtime RT-PCR #7}

- ZFZF A} subtyping NA1~9S €3} real-time RT—PCR Zgtoln 7t AlA

- NA1~9 Zgloln] HEZ o]&3to] vlolg] Aol HE-EA Zol(conventional RT-PCR
A3 ; RT-PCRZAI} NAL, 2, 3, 4, 5, 83+ wFSAo] gl&s &9



NA gene_RT-PCR

Eu Am Eu Am Eu AmEu Am

- -
Refd Rnfld-Ref-ll Refl0
Refg Rafl; Ref4 Refl3 Ref2 1af? Ref30 Refl5 #3

- Real-time PCRZ 2709 71ES ARgsle]l AES qsielon 7]Ed et dAd77t
AF- Folds gl

Spedies

NA

ezl

TaKaRa SYBR one step Real time PCR Kit
(Cat. RROBGA / Lot. AKZBOL / Exp. 'Aug-.‘Z-UlES)

CPL . CP2 . CP3  CPAV

Avian

N6 (REF4)
(Eu+Am, 2643

N& (REF11)
(Eu+Arn, 264)

N6 (REF13)
(Eu+Am, 264}

N7 (REF10)
(Euth

{Eu, 227)

N3 (REF15)
(A, 227)

N9 (REF15) |

Equine

N7 (REF25)
(Eu+Am, 261)

(1) St

- A Z+= influenza A virus HA RT-PCR k
L E2F, HA 2

=4,

&, N

’

-

E 37
2 N) 78

it 8% A 2
AZFAAL nlofef 2ol gk

=g
Dol &= ot A © & subtyping®] ¥+ AH}E Fel



Influenza A virus HA typing RT-PCR Kit (HZ &)

<Avian> <?|El £F>

4 56 7 8 9101112 13 1415 16 M 17 18192021 22 2324 252627 2829 30 31

M : iINtRON 100bp M : INtRON 100bp

1: REF48 H1, 375bp 17: %38, Swine-H1, 375bp
2: REF49,H2, 160bp 18: #41, Swine-H1, 375bp

3: REF3, H3, 215bp 19: #28, Swine-H3, 215bp

4 : REF4, H4, 261bp 20: #58, Swine-H1, 375bp

5 : REF5, H5, 139bp 21 : #55, Swine-H3, 215bp

6 : REF6, H6, 247bp 22: #103, Swine-H1, 215bp
7. REF7, H7, 97bp 23 REF30, Equine-H3, 215bp
8: REF& HS8, 235bp 24 : REF36, Equine-H3, 215bp
9: REF9, H9, 165bp 25: REF38, Equine-H3, 215bp
10: REF10, H10, 300bp 26: REF25, Equine-H7, 97bp
11: REF11, H11, 410bp 27: 748, Canine-H3, 215bp
12: REF12, H12, 205bp 28: #49, Canine-H3, 215bp
13: REF13, H13, 230bp 29: #50, Canine-H3, 215bp
14: REF14, H14, 308bp 30: REF31, Canine-H3, 215bp
15: REF15, H15, 292bp 31 Negative

16: REF16, H16, 220bp
1.5% Agarose gel, 10ul loading
1.5% Agarose gel, 10ul loading

7]1%2] HA subtyping RT-PCR ZAx}¢}e] vl
; 710 AAE AZF AR HA subtype PCR (2008, Kenji)Axtol] Hla] MAd A=
1l
HA2,3,4,5,6,7,8,9,10,12011 4 FZo] ¢tgxog HE

HETES

okt

Me L2314 ]5]6|7 8|9 [10]1L|12(13|14(15]16
Kenjiprimer (7| Z) - - - - - - - - - -lo| -|o]o|o|[NT
NanoHelix kit (5] ZF) ofo|lo]J]o|o|lo]o]o]|]o|l]o]o|l]o|o|o]|]o|fo

* N.T: Not tested

- A2 influenza A virus NA RT-PCR kit A% A8 2 A
Z5F, #HA, 2 ) AZFAA}; vlolg e disk 3
7], ol %= A S subtyping®] Hi= ZHE g1

Y
>
ot
N
09:‘5
il
=)
N
=il
o
fo
2
=
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12 345 6 7 8 9 1011 12 1

M : INtRON 100bp M : INtRON 100bp

1: REF7, Avian-N1, 137bp 14 : REF8, Avian-N4, 194bp
2:#38 Swiine-N1, 137bp 15: REF12, Avian-NG5, 159bp
3: #58, Swine-N1, 137bp 16: REF14, Avian-N5, 159bp
4: #103, Swine-N1, 137bp 17 : REF11, Avian-N6, 179bp
5: REF48, Avian-N2, 220bp 18: REF13, Avian-N6, 179bp
6 : REF9. Avian-N2, 220bp 19: REF10, Avian-N7, 107bp
7. #41, Swine-N2, 220bp 20: REF25, Equine-N7, 107bp
8:#28 Swine-N2, 220bp 21 : REF30, Equine-N8, 235bp
9 : #55, Swine-N2, 220bp 22: REF36, Equine-N8, 235bp
10: #48, Canine-N2, 220bp 23: REF38, Equine-N8§, 235bp
11 : #49, Canine-N2, 220bp 24 : REF49, Avian-N8, 235bp
12: #50, Canine-N2, 220bp 25: REF3, Avian-N8, 235bp
13: REFS, Avian-N3, 270bp 26: REF31, Canine-N8, 235bp

27 : REF5, Avian-N9, 171bp
1.5% Agarose gel, 10ul loading
1.5% Agarose gel, 10ul loading

- 7]¥¢] NA subtyping RT-PCR ZAx}¢}¢] vl
: 712(2009.,Fereidouni $)°l] BRa¥ Zejolm e} vlwe)] 2 Ayl NA 1,3,4,6,7014 7]&
TH RO AETF L AoR IRIFon PgARl ARE Hol= AlS gl

(2) HAANZZNA} vpo]e] 2 typing RT-PCR HZEA| &

- Swine influenza virus differential typing RT-PCR 7]|E+ AIZ0ZFqx} A8 X

glol™, HAL, HA3 &8 Zelo]HZ A o] Ho] AL
&

- H X Z=FdA} nvlolE] A AHAESE FIEE o] 83 A=A
]



Swine Influenza Virus Differential typing RT-PCR Kit (HZ&)

H1l—375bp

M1 23 4 56 78 9101112131415

NF (pandemlc) - 452bp

= —

‘M1 2 34 56 7 891011121314 15

(3) ¥ AdZF A} vlolE] ~ typing RT-PCR HE5A ¢
- o QA EZFAA HA3S A9 T QAQEZFdA} vlo]g 2~ HA3AA ZF
At om, AX FAFAAZF EAE MoAME FFHo] E& §
= Au

Equine Influenza Virus Differential typing RT-PCR Kit (

oY
0I>I

H3 - 447bp

H7 - 378bp

H3 — 608bp

M : iNtRON 100bp

1:#38 Swine-H1N1
2 #41, Swine-HIN2
3:#28 Swine-H3N2
4 #58, Swine-pH1N1
5
6
i
8
9

M1 234 56 78 9101112131415

:#103, Swine-pHIN1
1 #55, Swine-H3N2v

: REF30, Equine-H3N8
: REF36, Equine-H3N8
. REF38, Equine-H3Ng

10:
11:
12:
13:
14:
15:

M1 23 4 56 78 9101112131415

REF25, Equine-H7N7
#48, Canine-H3N2
#49, Canine-H3N2
#50, Canine-H3N2
REF31, Canine-H3N8
Negative

1.5% Agarose gel, 10ul loading

Neo v Ewh Rz

(4) 7M/ar%Fo] JAZEF<AA} vlol# 2~ typing RT- PCR AZA 3

- M/ai%e] JAEFdAF wpolgi~ AF 7E
gho|H 2 FAd o] Hof Q)&
- HA3-19] #®]&} HA3-29] ~zlo|m7} Hkg-Alo] ¢

|
Z.
>
g
o M
o Tor

- NA8S 7] ¢lZ=Fl=te] th3k NASH wk3-A o]

[e)
o
A DpnSol 8-g Fl
7 QI Z =l

a7} W oobe} A2 NA29H

- iINtRON 100bp

. #38, Swine-H1N1

1 #41, Swine-H1N2

1 #28, Swine-H3N2
58, Swine-pH1N1
103, Swine-pH1N1
: #55, Swine-H3N2v

: REF30, Equine-H3N8

9
<
rir
L
o
s

8 : REF26, Equine-H3N3
9 : REF28, Equine-H3N8
REF25, Equine-H7N7
#48, Canine-H3N2
#49, Canine-H3N2
#50, Canine-H3N2
REF31, Canine-H3N8
Negative

10:
11:
12:
13
14
15:

+ HA3-1, HA3-29} NA2, NA8 A=8& =



Canine/Feline Influenza Virus Differential typing RT-PCR Kit (A& &)

H3-1 (458b

H3-2 (447bp

M1 23 4 5678 9101112131415

N2 (314bp)

M : iINtRON 100bp 4 : #58, Swine-pH1N1 8: REF36, Equine-H3N8  12: #49, Canine-H3N2
1:#38 Swine-HIN1  5:#103, Swine-pH1N1  9: REF38 Equine-H3N8  13: #50, Canine-H3N2
2:#41, Swine-H1N2 6 : #55, Swine-H3N2v 10: REF25, Equine-H7N7 14 : REF31, Canine-H3N8
3:728 Swine-H3N2 7 : REF30, Equine-H3N8 11: %48 Canine-H3N2 15: Negative
(5) =7 AZF4A} vlo]# 2 typing RT-PCR for chicken 754 ¥
- A 2FASFAA vhel# 2 H5, H7, H9 % NDVel digk A5 A3 33
- &% j=3

5 frelel HAS, HA7, HA9S F7F A9 48

Avian Influenza Virus Differential typing RT-PCR Kit for chicken (BZ&

ﬂﬂo)

H5 (chicken) — 831bp

H7 chicken — 561bp

M1 23 4 56 789 101112131 M1 23 4 56 78 910111213141516

NDV common — 443bp

SRR, = - = — CEe
- = o

M INtRON 100bp 4: #58, Swine-pH1N1 8: REF36,Equine-H3N8  12: #49, Canine-H3N2
1:#38 Swine-H1N1 5:#103, Swine-pH1N1 9: REF28 Equine-H3N&  13: #50, Canine-H3N2
2. #41, Swine-H1IN2 6 : #55, Swine-H3N2v 10: REF25, Equine-H7N7 14 : REF31, Canine-H3N8
3: %28 Swine-H3N2  7: REF30, Equine-H3N8 11: #48, Canine-H3N2 15: Negative
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Avian Influenza Virus Differential typing RT-PCR Kit for duck (ZZ& &)

H7 (duck) — 561bp

M1 23 4 56 78 910111213141516

. INtRON 100bp 8: REF36, Equine-H3N8
1 #38, Swine-H1N1 9 : REF38, Equine-H3N8
- #41, Swine-H1N2 10: REF25, Equine-H7N7
%28, Swine-H3N2 11: #48, Canine-H3N2

: #58, Swine-pH1N1 12: #49, Canine-H3N2

0 %103, Swine-pH1N1  13: #50, Canine-H3N2

. #55, Swine-H3N2yv 14 : REF31, Canine-H3Ng
- REF30, Equine-H3N8 15: Negative

(7) 7 AEFAA} vpo] 82~ real-time RT-PCR AT Al
- 7} QAZFddR wpele] HZE real time RT-PCR 7]EE HA3-1, HA3-2, NA2,
NA8S &8 F & Zdlolw AEZ 4
-/} AZFAA H3N2 2 2 Feje] H3NS Hfo]g]AE o] &3dte] HAFE NS
I HA3-1S 71 &#¢ HA39 whsAo] gles 3hel NA2 <A A
H3N2 subtype©] 7Hs¥H& 2eletglont NASH:= uheAdol fl&< oelste] &
F7HAQ Ade] Had Ao A7y,

- HA %%E—?ﬂx} H}-o] E% A5E real time RT—PCR F1Ex AlFZF oz}, HAS,

HALS 788 & e Zdoln AERE 4

- HAJEF<NA vlo]g == NA typinge] 7Fedt Zetolw MEZF §lal HA typing%h
7hestH, AFJAEFAA HEE Zdtolw e AFJAEFAAS} wrgAde] £ A
S el o) HAL, HA3S 7jAdoe] sk Aog Algd



NF H1 H3 comimon
subtype
Cpl Cp2 Cpl Cp2 Cpl Cp2 Cpl Cp2
H3IN2 16.68 32.36 3181 1821 - - 16.98 1656
HIN1 - - 17.93 1LFET5 - - 20.53 16.88
HINZ - - 21.93 22.34 - - 21.93 2097
pHLIN1 16.92 17.18 - - 25.77 25.98 18.59 188
vH3IN2Z 1962 19.7 29.24 24.97 2337 2072 2161 2059
pHLIN1 16.87 17.39 18.43 17.95 - - 19.26 1865
58331
5333
4833
43331
Zam
iﬂ.ﬁ‘l'
5233?1
2333
5131‘3‘1-
13331
8331
ek o)1

£

2 2} vpol# 2~ H &8 real-time PCR #H35 A9
- 2 Q1 EZFelx} HlolH A~ HEE real-time RT-PCR7]E+ common, HA3 % HA7S
A=she primer sete® T/3¥] U+
1 JAEFQA wloly]~ H3N8 6% 2 H7N7 15, ZollA 72 HHds} (direct
transmission)® AS2 B Ii%F H3N8 15S IS =2 real-time RT-PCR A A

- AZFeMA} common FAA ¥ H3, H7S EF AZFshe A& g9

=
S
g ne
‘0,
ﬂ-m:l
ut
<,

H3 {Derivative Max] “28 | 17 (Derivative Max)
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pan-side RT-PCR % real time RT-PCR 7]1E
- 27, 28D, #HA, 2, v E0), 1Yo])E

AH7NE 6%

Pan-side RT-PCR

- 1 i - direct RT-LAMP PCR7|®¢] A& (= A]) 100

= rea ime O olEeala vholal s ohaE(] B N) ZheA e
Pan-side

direct RT-PCR 7] E 7l
O =98 AGIE A AF AZ 2 x5 vlo]gf

NEE o g% % B2

RT-PCR 7|E 7%
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dolel s A7 e [] Fd& RT-PCR Proto type 334 7h
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RT-PCR Prototype ) _ 100
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(%) Development and commercialization of quick and accurate influenza
detection technology adaptable for multiple livestock
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