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Abstract: A reverse genetics platform for foot-and-mouth disease virus (FMDV) is an
indispensable tool for studying the pathogenic mechanism, protein function, and vaccine
development. However, the conventional method of constructing infectious clones of FMDV is
usually laborious, time-consuming, and costly. [Objective] To establish a new reverse genetics
platform for rapid rescue of FMDYV based on infectious subgenomic amplicons (ISA), which can
avoid in vitro ligation and bacterial cloning. [Methods] The whole gene of FMDV O/GDLeiZh/
2020 strain was divided into five overlapping fragments and then individually amplified by high-
fidelity PCR. The T7 promoter sequence was added to the 5'-end gene and the poly(A) tail was
introduced at the 3’-end. At the same time, the poly(C) sequence and molecular markers were
introduced by fusion PCR. Two large fragments covering the whole gene of FMDV were obtained
by multiple rounds of fusion PCR amplification and co-transfected into BSR/T7 cells expressing
T7 RNA polymerase. The cell supernatant was collected 72 h post-transfection. The rescued virus
was identified and characterized by RT-PCR, indirect immunofluorescence, electron microscopy,
plaque assay, and one-step growth curve assay. [Results] The typical cytopathic effect of FMDV
was observed 60 h post-transfection. Sequencing, immunofluorescence, and electron microscopy
collectively confirmed that infectious FMDV was successfully rescued. Furthermore, one-step
growth curve and plaque assays demonstrated that the rescued virus retained replication kinetics
and biological characteristics comparable to those of the wild-type virus. [Conclusion] This study
successfully establishes a new method for rapid and efficient rescue of FMDV based on ISA, which
will lay a solid foundation for further improving FMDYV rescue technology and rapidly expanding
its application in the future.
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TREE ., EHEANBEWE 1w, 51975
W1,
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$2 B FMDV O/GDLeiZh/2020 ¥k %% £ 44 RNA,
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Figure 1

Schematic diagram of the rescue of FMDV by ISA.

#=1 Y IEFMDVEEFEMSI4)

Table 1 Primers for amplification of FMDV whole genome

Primer names Primer sequences (5'—3') Sequence position
F1(+) ACTAGTTAATACGACTCACTATAGGGTTGAAAGGGGGGCTAGGGTC 1-20
F1(-) AGCGACGGTGTTACTTGGGAGGGGGGGGGGGGGGG 371-406
F2(+) TCACCCGAAGCCCGCCTTTCACCCCCCCCCccceece 350-386
F2(-) AGTGACCTCCTCCAGGTTGTCGAT 1309-1 330
F3(+) ATCGACAACCTGGAGGAGGTCACT 1309-1 330
F3(-) TCTCTCTTGGTGATGGAACAcAGCTCCGGCACCATCGCCA 2288-2327
F4(+) TGGCGATGGTGCCGGAGCTgTGTTCCATCACCAAGAGAGA 2288-2 327
F4(-) GTTGACAGTGTCTACCAGTTTCGT 3 955-3 978
F5(+) TCCTGAACTTCGACCTCCTCAAGC 3 869-3 892
F5(-) TTTTTTTTTTTTTTTTTTGAAATAGGAAGCGGGGAAAACC 8101-8 140

Ttalic type denotes the T7 promoter sequence, while lowercase letters indicate the introduced molecular tags.

TR RNAN S MREBL, il
F1-F5 FBt. B DL F1 A F2 9738 F B AR,
PLFI(H/E2(-) 5l Rl & 73 F12 Fr B U
F12. F3 M F4 A, LI FI(H)H F4(-) 5149
Al P F1234 B, SR A PrimeSTAR®™ HS
DNA Polymerase i, fl| £ (TaKaRa 2> ®]) #1749
e WK &R . 5xPrimeSTAR Buffer 10 pL,
dNTP Mixture (2.5 mmol/L) 4 uL, [, FiF549

(10 pmol/L) £ 0.5 pL, PrimeSTAR HS DNA
Polymerase (2.5 U/ul) 0.5 pL, cDNA 5 uL,
RNase Free dH,0 29.5 L., § HEFEF . 94 °CTiAL
£ 5 min; 94 °C7EPE 50 s, 58 °CiR K 50 s,
72 °CHEAi 60 s, 3k 30 DPFER; 72 °CL AL fif
8 min, #§ PCR = WJ %t 1.5% ByUlR Wi E B i vk %5
SEJa, 1] DNA BEIR 2k ot & (£ 4 T
FEORIE)AFRA w4l H i DNA F B,
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1.4 FMDV Byi&$

¥ BSR/T7 20 f il TS LAk, 15 4 it 2%
J 15 51 80%—90% Jii I Ag i 14 Lipofectamine™
2000 (Invitrogen A F) A4k 0s , HARLIRUNT .
(1) BUK RS 1.5 mL .04, JimA 250 uL Opti-
MEM % i (Gibco A F]) Ml 1.5 pg F1234 } F5 K
B, WATIEAL; SE—8nA 250 uL Opti-MEM
VWD 20 pL BE BT, BRRIRS), =RAE
5min J5 b 2 HIRA, L= HEME 20 min;
(2) i PBS (pH 7.4, BI 2\ &) FNE 4 40 i
2, HFLINA 1 mL Opti-MEM ¥ ; (3) ¥
PCR B S5IRAR G YIS 18 A BSR/TT 4fififl
L, BERIRA, BT 5% COy 1Y 37 °CRi 46
RS, WY 5h ), A 1 mL GMEM
(Gibco 2~ F) T RREFR A F 10% HG 4 1135 (BL 2
"], BT 5% CO, 1Y 37 °CRE FE 40 rh k22 1%
F%, B H OSSN MK 28 20 (cytopathic effect,
CPE).,

1.5 EKRBHNEE
1.5.1 RT-PCR &E!"
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H PrimeScript One Step RT-PCR Kit v2 (TaKaRa
INENTEATY G [ ViR £ (50 pul): PrimeScript
1 Step Enzyme Mix 2 puL, 2xOne Step Buffer
25uL, . FHESI#(10 pmol/L)4$ 1 pL, RNA
5 uL, RNase Free dH,O 16 pL. 9 14 & FF .
50 °C3i %% 5% 30 min; 94 °CHHMTE 2 min; 94 °C
PE30s, 68 °CiIEk 30s, 72 °CHEAH 3 min, HE
30 MER . KPP Al b IR % ISR E
YR A BRA R o
1.5.2 [EERRRN

¥ BHK-21 Al To5flbk, franffit k=
70% B F2 A e gy B3, [m] IE IR T B 40 B
37°CHFH 6 h i, ] 4% Z B HEE 4 °C & F
20 min, PBS &Yk 3 K, Triton X-100 % il i85

P4 actamicro@im.ac.cn, 7 010-64807516

10 min, PBS ¥E¥% 3 IK; /A FMDV 3A .31
3A24 (1:200 Fi B), 37 °CH#H 1 h, PBS ik
3, A =[P/ 1gG-FITC (BOSTER
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BN Bl=1:1), —20 °C[EE 3-4 h, £ 0.1% %
R 2 h JFWEREERIERA, IR
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A I AVE T @ s | S N S i )
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. O THERNE 4. 8. 120 20 h WCHURE &,
SRR 3 Uk, il i e B E BHK-21 41 i
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B2k, Jfehil— KL

2 ER55

2.1 FMDV PCR ¥ & K ER & E

L) FMDV O/GDLeiZh/2020 ¥ %% 2 40 RNA
AL cDNA A, FH S X5 W 1 A 5
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A1 2 5 WO RN 5 S B B A
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FI(+)F F2(-) Al Wil & 473 F12 F B DA
F12. F3 fil F4 Ak, LI F1(+)FI F4(-)R514)
AEYHE F1234 R B, HLUKZS SR B o ik15
SHIR/ AR B B2 (E 3).
2.2 RERM I EFEEES G| FER FMDV
F1234 F1 F5 Fr Bedtdt gt BSR/T7 418, 60 h
S A0 LB R ) FMDV 3O A58, R

bp M I 2 3 4 5

4232bp

1 690 bp
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[E2 FMDVEEHAIPCRY 1E

Figure 2 PCR amplification of FMDV genome.
Lane M: 5 000 bp DNA marker; Lane 1: F1 fragment
(406 bp); Lane 2: F2 fragment (980 bp); Lane 3: F3
fragment (1 018 bp); Lane 4: F4 fragment (1 690 bp);
Lane 5: F5 fragment (4 232 bp).
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1500 1 386 bp
1018 bp
Yo <980 bp
500 <406 bp

250
100
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Figure 3  Fusion PCR of FMDV genome. Lane M:
5 000 bp DNA marker; Lane 1: F1 fragment (406 bp);
Lane 2: F2 fragment (980 bp); Lane 3: F12 fragment
(1 386 bp); Lane 4: F3 fragment (1 018 bp); Lane 5:
F4 fragment (1 690 bp); Lane 6: F1234 fragment
(3978 bp).

iR, AR, REAFYERR A (] 4), xR
MR BT AR L, R E 2 72 h J5
WRANML, [ &2 Rmh 3 IR JEHERh BHK-21 41
SEEAL,
23 BRERBHEE
2.3.1 RT-PCR FFFNE

DU VSRR M RNA SRR, ] F3(+)
1 F4(-) 51 o34t 2 708 bp 19 H 557,
ST 5). MRS R EH, R

.3
: B
s v

Figure 4 Cytopathic effects in BSR/T7 cells at 72 h post-transfection (400x%). A: Lesioned BSR/T7 cells; B:

Normal BSR/T7 cells.
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2708 bp

ES RKFMDVHIRT-PCR
Figure 5 RT-PCR for rescuing FMDV. Lane M:
15 000 bp DNA marker; Lane 1: O/GDLeiZh/2020;
Lane 2: R-O/GDLeiZh/2020.
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Figure 6 Sequence chromatograms of parent and
rescued FMDV. A: O/GDLeiZh/2020; B: R-O/
GDLeiZh/2020.
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IFA identification of rescued FMDV (1 000x). A: O/GDLeiZh/2020; B: R-O/GDLeiZh/2020; C: Mock.
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Figure 9 Plaque phenotype and one-step growth curves of FMDVs. A: Plaque morphology; B: One-step growth

curves.
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PRI 2H 5" s A G A IX 3 A7 — B i 2 1Y) 22 5 i i g
9 [poly(C)[H5 k45K, K B H 7E 100-400 bp
Z AU % X GHC SRR, R
RT-PCR X A B 4% MU 8 RNA w973 3180,

W FE RS PCR 83L& R 5 AL i
R, 4 poly(C)FAIK EEHEHILE 12-17 4>
R R 22 18] % Bk SR 2 19 75 77 6 IH . 52 0
BEAk, X YRR S B A AU BRI
TR RS X N B A FAric. R, 7Emh
A PCR i & 2 MR B B 22 Sl Rl
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RE SRR S N EAEETI
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LI YL A A TR R PR R o B 1 Sl
SRR HLRE T/ G+C X BRI A BEy 1 i+
ARMHB, WU T B AL YL T (1) DNA F Bogk
i, IR REE R TR BRI,

F TR YL Pk WL R4 & ] F (infectious
subgenomic amplicons, ISA) ¥ JC 58 [ 7 R &
RNA Ji 75 3 st G A e $2 it T s R &,
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5 b A AN B4 25 (CMV)ER T7 3 3+,
AR 3K 5 AT AU RS B REHDV) 751 5
SV40 Z E R RIS (A, LIE7E 4 %
PG 5 A 523 poly(A) R INETE RNA, IR
PEHC [ 40 T P SR, A A BA RT3 T
Ty A FMDV LM v [ (T 5% 3%
B, PR RE EX  S 2K 15 5 PO 38 4
%, INFHTE 59maI A T7 JRsh 1, 3R 37K
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MR AR AL A5 5 B n] 52 PR 75 10 v SR R
L, ABFFE R Tz it, 765564t
PR 20 19 I 6 PR 2 42 il 7 v st oidsn T7 5 sh
H, 3w —BLE 17 nt 1Y poly(A) B, &I
TE, W5 2 AN S A SR 4 A0 L R 4 52 T Lg%
PeZ IR T7 RNA G HH BSR/T7 405 AT A%
IhPk R HAT R YL PR FMDV, AN, AREF5E
[ HEAT T 3 AN R 2L 2 il F-(F123+F4+F5)11)
gy 25 R g T K R FMDV, {H 9 B
CPE 33 () B[] B S s 5 1 7 Befie g . =852
L, XPFEERA R AT, W A R
AU 7 M EET L 5 BBk, |
KR e BB I F A

BRI & e 5 HAT SR, B2 st
2 AR AN A1 o B T IR 37 35 PR 41 &2 1l
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B M AL Y 0 I 25T T BT AN AT R AR Y
PR SR, I AR AT AR [ A Y R R
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