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Developing peptide nucleic acid based multiplex real time RT-PCR
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There have been a total tenth FMD outbreaks in Korea and for the first time, type O and A were de-
tected simultaneously in 2017, which led to difficulties in FMD control. For the effective prevention
of FMD, the importance of discrimination of serotypes became greater. Therefore, the most urgent re-
quirement in case of FMD outbreak is differential diagnosis of serotypes. In this study, we developed
a PNA probe-mediated multiplex real-time reverse transcription-polymerase chain reaction (rRT-PCR)
assay using the peptide nucleic acid (PNA) probe, which is known to be stable to nucleotide mutation
and that could specifically detect the all FMDV serotype A, FMDVA Yeoncheon strain which was oc-
curred in Korea in 2017, and FMDV A viruses shown 96% similarity with FMDVA/Yeoncheon strain,
at the same time. Therefore, It is believed that the newly introduced FMDVA will be effectively diag-
nosed using the PNA probe multiplex RT-PCR developed in this study, and ultimately contribute to the

prevention of FMD.
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M o=

FAS vlo]#2A(FMDV)+= PicornaviridaeT}2] Aphtho-
virus&o]| &35t oF 84 kb F7|9] positive sense
RNAZ A thRweyemamu et al, 2008; Jamal et
al, 2013). FA|YE vRolE A F-XAFE] VP1 (A=
U e mYs goe] SHE ThFHG0%~
50%)°]] 7]z3}o] O, A, Asial, C, Southern Africa
Territories (SAT) 1, SAT2 2 SAT3¢] 77} B & o
2 FEEtH(Alexandersen and Mowat, 2005). ©]2{3t
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B2 VP FYollA 15%2] 404 tgdel 7]
z3to] 807 o]4e] A% (Topotype) &= L KTk

(Knowles et al, 2003; Abeyratne et al, 2018). VP15-¢]
= FAlel S8R FolA 7V wols} Ag Row
O}‘qu:] 010111 =Rk Ul OX-]oﬂ k1 e HU]— VP1
F7IAE EAHE daE de= T 24*]” ol &8
F|tH(Abeyratne et al, 2018). 1 2] OIE ufjFLofA] H

rr

TEte E2 Aokl 849 ELISAE Wol7} 7bg

o] THHEL VPI 915 gl Szol4 egEo
= 708 AR 4 Qs AEe Qo ugEs) o
o Aoz oA QIthReid et al, 2000).
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A Po] o} Wyt ohjet Bhoo.m RulEL: v}
olgse] o F3 W RS Holm ol(Ale
xandersen et al, 2005) VP1 g7]4<¥ EA1} ELISA

WHE e 43 wdol ol 4 gk 7AY
- ‘
o

WAy A WA GOl BEEA g A9 WA 5
of 2 A WAZ 4 o] olo] i3t he] W

O 7 {FHAA Ho 7t 22 VP1 H9] o8 FF
3 AEHo) ARESH ol RHAIZE Uk whEbA 2
o] o] A= TagMan probe THES H s 4 9= 7t
E9} Eo|x7} =2 PNA (Peptide Nucleic acid)&2 2
Probe 2 ©]-§-5t= et 7Erstaral shith. PNA
= o Fejo] dito 2] 7] backbone> &

B =(polypeptide) 25 skl lom sk
%9 EA-2 sugar backbone®] polyamide N-(2-amino-
ethly)glycine©. =2 A © Ao =& o]2 backbone -3
Yol Mol A= of &2 S 7HAIAl H
= Zlog dHA QthPooga et al, 2001; Vilaivan,
2018). 35 DNA-DNA A3 2t} PNA-DNA A3

o] mj& 243} 17]2] nucleotide miss matcho]] 10~

Table 1. Sequence of primers and probes used in rRT-PCR

15°C 7}eFe] Tmafol® MolA| Hr}. wehd PNA
probe 2] nucleotide?} o]of] AFE A 07 ZA¢lsl= DNA
9] nucleotide®] Z}olo| WE TmZre] WIS Ztho
3+83to] A}8-3 4= 9lth(Pooga et al, 2001; Jeong et
al, 2009). & AT PNAZ oFeid] Qi wghE 2o
WA PP Aol =2 AlEAE o] 8eA A
d AZ 78l BAl0] 20176 QA WAF} fA]
QFO6%) S 283 % Y T} RT-PCRE 7t

shad st

PNA primers % Probes H|%}

TARtolH A AGAH P Y WEE fI5ke] primer
9 probeE T RF2IsIFR O S primer X probe]
A7INY AHE Table 13} 2o} olRRUAEAR
HEINCBD®] ojeo] g o] gsto] FA|olulol
@0 77b4 BRI A% 9le) 9714
& vt vlwstgon TAofutelel s ABRY
(HEX), 20173 =+ 2 9HAY who) 3] A(A/A /2017,
FAM) 1231 A3 39} 96% F-AFSE HEo] 2] 2(TxR)
o] TS 9|3k SNP (Single Nucleotide Polymorphism)

& 2ol probeS A|2HSHATH

A A=

2 AolA AREE A GHPol YA S Ee
A A= e 9 WASE xgbste] 31
SO violglAE AY FAI5FItH(Table 2). O €43
2 SEA (South-East Asia) Ao <L£dt= 53,

Classification Size Sequence (5" to 37) Fluorescence Details

Primer 278 ~296 bp CACC----------— GCA - Forward
360~380 bp GCGC---------- TGGC Forward
616~632 bp CACC----------—- GTG Reverse
562~582 bp AGYT------—--—-- RAT Reverse

Probe 546 ~560 bp CTCT--------—--- AG HEX" For the All FMDVA
458 ~472 bp TCGC---------- TCC FAM® For the only FMDVA/Yeoncheon/2017
342~359 bp CTTG---------- CAC TxR® For the FMDVA/Yeoncheon/2017 96% similarity

*HEX, Hexachloro fluorescein.
bFAM, Fluorescein amidite.
“TxR, Texas Red.
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Table 2. The list of Foot-and-mouth disease virus (FMDV) and Seneca vally virus (SVV) used in this experiment

Serotype Strain Year Topotype/Sublineage

0 (15) YangJu 2010 SEA/Mya-98
Jincheon 2014 SEA/Mya-98
Vietnam (VN6) 2014 SEA/Mya-98
Gimjae 2016 SEA/Mya-98
Chung-Ju 2000 ME-SA/PanAsia
O1/SKR/2002 2002 ME-SA/PanAsia
Vietnam (Sonla/VN/2013) 2013 ME-SA/PanAsia
Boeun 2017 ME-SA/ind-2001d
Jeongeup 2017 ME-SA/ind-2001d
Olmanisa - ME-SA
O1/BFS/860/UK/67 1860 Euro-SA
Yunlin/Taiwan/97 1997 Cathay
03039 - Cathay
Primorsky - SEA/Mya-98
Campos - Euro-SA

A9) Pocheon 2010 Asia / Sea-97
Zabaykalsky 2013 Asia/ Sea-97
Vietnam(VNIS8) 2013 Asia/ Sea-97
Yeoncheon 2015 Asia/ Sea-97
Malaysia97 2017 Asia / Sea-97
Vietnam (Bac/Ninh/VN/2013) 1997 Asia/ Sea-97
Vietnam (VN15) 2014 Asia/ Sea-97
Iran05 2005 Asia / Iran-05
A22lraq 2006

Asial (3) MOG/05 - Asia G-V
CAMY/80/2006 2006
Shamir - Asia G-VII

C(1) C3/Resende/BRA/S5 - EURO-SA

SATI (1) SAT1/BOT/1/68 - Wz (11I)

SAT2 (1) SAT2/ZIM/5/81 - II

SAT3 (1) SAT3/ZIM/4/81 -

Seneca valley virus NAY% - -

ME-SA (Middle East-South Asia) X|¥g& o] &3l

5, Buro-Sa 2| ¥ g of &3}= 25 W Cathay 2|3 o]

&3t 2% TR F 1IFS FABAE A B
Go Asia Aol ot 955 AU Asial
FRPE 3%, 10 C FHP BelF 1FS FAS

Atk SATI EATL 37FEE ALt on SATI/
BOT/1/68-& topotype IMI-WZ (western Zimbabwe, Bot-
swana and Namibia)o]| <£3}a1, SAT2 AL [I-WZ
of &38F= SAT2/ZIM/5/81, 18]al SAT3 EHIS
SAT3ZIM/ 4/81 vlo|g|A 22 AL8algth. E3t 5
Aol N TR SARE 2L el Ao o
##] 9] Seneca valley virus (SVV) 155 3712
Ase] % 32%) vhol@l A% o] ARolq A8k

okl 1

RNA =&

ZA HlolP AT 0|8 &
el 35| Al A dollA A5}

g wpolel SARe i Hholai2 Hjgkelo =y
E] Al RNAFZE7| E(Qiagen RNeasy mini kit, Germany)
2 olgfo] tirelo] ke RNAS 33 the —T0°C
ok mralRA ARl AMEalt

r]rl

PNAE 7|89 2 St multiplex real-time PCR X741

TagMan probeE AF&5}= rRT-PCRI}= T, PNA
probeE A3t rRT-PCR-E melting?} A4S 3Z3H5tct
50°Co)| A 30E7F Oﬂxﬂ/\]—‘ﬂ' 2 95°Co)| A 1027} de-
naturation?} 32 A2l &, 45 3| 2] PCR ¥}%(denatu-

ration 95°C 20, annealing 55°C 302, elongation 74°C
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Fig. 1. Results of PNA probe mediated real-time reverse transcription-polymerase chain reaction(rRT-PCR) using 9 FMDV A strains. All strains
(n=9) of FMDV A were identified in the hexachloro fluorescein (HEX) channel at 49 ~66°C. The Yeoncheon strain (I) was identified in the FAM
channel at 66°C. The A/Yeoncheon 96% similarity strains (A, B, C, F, G, H and I) were identified in the TxR channel at 60 ~73°C. Moreover,
FMDV A/Iran-05 and FMDV A/A22Iraq which were different genotype with FMDVA/ASIA/SEA97 were only identified in HEX channel at 49°C
and 64°C respectively. (A) FMDVA/Pocheon, (B) FMDV A/Vietnam (VN15), (C) FMDVA/Malaysia97, (D) FMDVA/Iran05, (E) FMDVA/A22
Iraq, (F) FMDVA/zabaykalsky, (G) FMDVA/Vietnam(VN/2013), (H) FMDVA/Vietnam (VN18), (I) FMDV A/Yeoncheon.

45%)S A 8Y3t th-2, post denaturation I} 95°Co|
A 3E7F A23tATE ESE melting I oA =5
40°CO] 4] 90°CE 12 5°CH rkathate] ZA 3kl
ol8al AL CEX96 (Bio-Rad, USA)C.2 =881,
RNA A& 5 ul, 2X gRT-PCR PreMix (Seasun
Biomaterials, Korea) 10 pL, primer (0.5 uL) % PNA
probe (0.5 pL) &3-=3} RNase free water2 % 7|5}
% 20 uLE Aol A8 4 FWAE (FAM,
HEX, TxR)7} melting range <Stof A=W I
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Fig. 2. Results of PNA probe mediated rRT-PCR using the total of 32 strains (FMDV (n=31) and SVV (n=1). The six FMDV serotypes (FMDVO
(n=15), FMDVAsial (n=3), FMDVC (n=1), FMDVSAT1 (n=1), FMDVSAT2 (n=1), FMDVSAT3 (n=1)) and Seneca Valley virus (n=1) were used
to assess the specificity of the PNA mediated rRT-PCR. There were no melting curve peaks in all 32 viruses. (A) FMDVO(n=15), (B) FMDV Asial
(n=3), (C) FMDVC (n=1), (D) SAT1 (n=1), (E) SAT2 (n=1), (F) SAT3 (n=1), (G) Seneca valley virus (SVV) (n=1) and (H) Non-template control

(NTC).
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