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A TIFEWNRWiEE (Senecavirus A, SVA) &/ RNA Ji B R N R 85 8 1 ME—
T, IR S B NRERE R MK IE IR (Porcine idiopathic vesicular disease, PIVD) I
Jifk. SVA FERPSAMER BN, ShEK. HEIBHRARB K b 17K A EE
REAERHEPEAER, JOH 1~4 HE AR AT B SESE TS, JET-HATIA 30%~70%. SVA
PSR E . JEE . AN, B ARMEEFKTEREK, FANIFERERRE, Kiesl
AL TR 2 B FLZE 2014 4K 2015 4F4], SVA 7E P 24K T IE 7 K
B Ja TR A BRIAAT IS, FEAAEALSEI . BRI BRI, TEHEFEHLX, Xf4kos
MG R T BRI TR . a4y, A0S T O SVA BRIk
1. R SVA £AE 20 FERTKILET, HKT SVA ITEAR LR P 2 AT5AN+ 70 15 i o
I, AHEFINT SVA INEA .. REKE . BRGNS 12#1T T 48808, LU
] SVA IR AN 2% )5 o

L HE/EAN SVA ZEFHAGmSHH M EE, SHAL/DN RNA JFRER L EEHZERE
BK, HEERAE, O3 (Footand mouth disease virus, FMDV) « ixi«Co[JL %8 95
% (Encephalomyocarditis virus, EMCV) %) L iEE&—MEZIEeEH, TRERED
6 FPURTE N A0 SRR I 2H 2 55 2 M OcsE ) AP Diie . 2, B L B E
KWFANE R, HETEAERE SVA L EARAED - DI6e. Bk, ARuFap A EZE
K RGMAMIF S EORS & T L EEA W BRTCEDUA, v L A RThRebTt s oty /)
G T H . Ak, F— % SVA IR v Bk L a A DR 57 (1) 2 BE R 7 A
HATRAE, FHRHESFHE AN L &ANIIReEAT YR .

1. A BEN R RIS

NFEE—E T iR SVA WIEACRIE DA RARRE I S, AWF SO0 AT T 4560, A
FEHAKN ., RGEKE S WA MRG0 M. 6 T3 238 #&
SVA R4 FP o AT EA kM, e 5 thEHAFR AL RE T E. LREHA
BpkSE, A UIHTHERT (BD 5T RARKE 2R, SVA 55N FEE
73 312007 £ 2Z H I3 MO 73 SCTC2007 5 2 Ja IR, A% FH#4 0.0713 +0.0030-
2B SVA 73 SCUMUp SCITIEAE SR, ROUILAFAE 544 DR IR IR B,
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77 A~ Shannon #7277 5, 2 BH PR AN 73 S TR AAAE BH S0 R0 A0 22 5 o SR B 0 40 I
SVA 48K 2R S AT, ANAFAE 27 MIEIRIRAL A, R IEER LA 7% LA
IXZh SVA IR 1L . SVA AL SN 12520 HT I 45 B 7R, SVA (¥ 5 JEAR N E] (TMRCAD
N 1986 4E (4 SZIFIIT TMRCA 435104 1986 1 2004 4D, A3 R4 (AL R 2
3.3522x10° B H R B AL S BEE (nucleotide substitutions/site/year) o FEAA JJ7 5 AR
SINTR B, SVA BIA RCFI R E SR IS, 18 2017 S AR A S, B S
Jl R B (HARERRZ, RGPS HTHERT E A2 2015 LK SVA 2 Bk{E#%
Sk iz, IXUEEHE A SVA TS AL 1 7 5 1) AN B AR AL T B 0 S

2. A RENRRE L ARSI &I A

BT REGUAR T A S s = i TR . AWFALERXT SVA L B A A KT R
Fik, ot B3 L EARAREIR. BEAEARENR, BEELSAREES . TFA 7F
AN SO AR B — R0 L B AU A SR, 448 36-B3. B Hy KK
FEGNR IS, KEHIS L BPiIEK. FRMEDH S REY, ZEEiik
& T IFA 3R56 LR ANEME L 2 ) Western Blot #6301l tb4h, FIF L 250 it
AT E S R B, SVA L B A EEE AL T R

L EHFAILE/D RNA R EE RN B R 2 R n KOy se R~ MR 22, 11 B T AN
JEHRE SVA L & AL HAE ar R R BAA DI . ABFFEE J6X) /N RNA i8¢ &6 75
L AR A AT IO, BT 13 NSRRI . 7F SVA YL 57 B iUk

(pC3-SVA-GDO05) fFEt Xt L 85 [ X 867 b AT 9848, B Jig P& Ko 5 FE 0 5 Ho i

FEo SRR, MEH SVAL HEH (L70A) RAR{EREEIE, i FHR RALNL SN 551
FERIFZMA N e dE— B4R L SR ThRE, el 1 ASLIS = S mi A 050 25 200t
S 2T P P SR 58 ) S AR B A s (HA2A. Q79A. A42H. AS6R) LA AHE 5T
ORI L70A FEAENT 5 B 431 SVA E il 75Uk (SVA-GDO05-Rep) H1, #4758 5E &
PCR VAR RUE S 2 B A5 JE A, DARFE A L 2 1 RAZELE 0 T SVA & il Al s i
B 455K, SVAL R4 (H42A. L70A. Q79A) FlfkZ: (A42H. AS6R)
AR KT, (HSEANFRRE Lm0 e RMRERNERIE, KA L&A
A REAE B A A RO AR TR B RS S A BRI .
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Abstract

Abstract

Senecavirus A (SVA), the only member of the genus Senecavirus belonging to the family
of small RNA viruses, has been identified as causing porcine idiopathic vesicular disease
(PIVD) in recent years. SVA mainly infects pigs of all ages, causing characteristic symptoms
such as blisters and vesicles on the skin, mouth, nose and coronary artery bands, especially
piglets 1-4 days old can suffer acute deaths, and the mortality rate can reach 30%-70%. SVA
broke out sporadically in the United States, the United Kingdom, Australia, Italy and other
countries in the early days, because the cause of the disease was not identified at that time, and
failed to attract sufficient attention from the pig industry. Until the end of 2014 and the
beginning of 2015, SVA outbreaks in pig farms in several regions of Brazil, followed by the
formation of a global epidemic, mainly concentrated in North America, South America,
Europe, Asia and other regions, which caused considerable economic losses to the global
swine industry. To date, SVA infections have been reported in more than half of China's
provinces and cities. Although SVA was discovered 20 years ago, its evolutionary and
transmission history remains unclear. Therefore, this study aims to provide a comprehensive
analysis of the recombination, phylogeny, natural selection, and evolutionary dynamics of
SVA to illustrate its origin, evolution, and spatiotemporal patterns.

The L protein, which is the first protein encoded by the SVA genome, is significantly
different from the L proteins of other small RNA viruses and is highly variable. The L proteins
of foot and mouth disease virus (FMDV) and encephalomyocarditis virus (EMCV) are
multifunctional proteins that perform a variety of key biological functions, such as
antagonizing host antiviral responses and inhibiting the assembly of stress particles. However,
the biological functions of the SVA L proteins remain unclear due to the significant sequence
variability of the L proteins. Therefore, in this study, monoclonal antibodies to L proteins were
prepared using a prokaryotic expression system and cell fusion technology to provide a
powerful immunological tool for functional studies of L proteins. Furthermore, the amino acid

sites that are relatively conserved in the L protein of the SVA infectious cloned plasmid were
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mutated to explore the function of the L protein using replicon technology.

1. Evolutionary analysis of SVA

To improve understanding of the evolutionary features of SVA and its dispersal history,
this study conducted a comprehensive analysis including recombination detection,
phylogenetic, selection analysis, evolutionary dynamics, and phylogeographic. Recombinant
detection was performed on the whole genome sequence of 238 downloaded SVA strains,
resulting in the identification of five recombinant strains, all of which were of Chinese origin.
After removing the recombinant strains, phylogenetic analysis using Bayesian inference (BI)
method demonstrated that SVA diverged into two main branches: clade I (pre-2007 strains)
and clade II (post-2007 strains) with a genetic distance of 0.0713 £+ 0.0030. Upon further
analysis of the genetic diversity of SVA clades I and II, a total of 544 specific amino acid
substitutions and 77 Shannon entropy difference sites were identified. These findings suggest
significant evolutionary differences between the two clades. Selection pressure analysis
revealed that the majority of sites in SVA were under negative selection, with only 27
positively selected sites present, suggesting that both positive and negative selection jointly
drive the evolution of SVA. The results of the SVA evolutionary dynamics analysis showed
that the most recent common ancestor (TMRCA) of SVA was 1986 (1986 and 2004 for
TMRCA of clade I and II, respectively), and that the rate of evolution over the genome was
3.3522x107 nucleotide substitutions/site/year. Demographic history size analyses indicate that
the effective population size in SVA has gradually increased over time, with slight fluctuations
until 2017, followed by a sharp decline. Notably, phylogeographic analyses infer that Brazil
may be the source of the global spread of SVA since 2015. Overall, this data provides new
insights into the fundamental understanding of the evolution and diffusion history of SVA.

2. Monoclonal antibody production and functional studies of the SVA L protein

Monoclonal antibodies can be valuable tools for immunological studies. In this study, the
full-length SVA L protein was expressed in a prokaryotic system, purified and used as a
recombinant protein immunogen for L against SVA. Mice were immunized with the
recombinant protein, followed by cell fusion, IFA screening and subcloning to obtain a
hybridoma cell line secreting antibodies to the L protein, named 36-B3, which was expanded
in culture and injected into the peritoneal cavity of mice to produce large quantities of

monoclonal L antibody ascites. Subsequent biological characterization showed that the
VI
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monoclonal antibody is suitable for IFA assays and Western blot detection of exogenous L
proteins. In addition, subcellular localization using the monoclonal antibody L showed that the
SVA L protein is mainly located in the endoplasmic reticulum (ER).

The high variability of L protein sequences across the small RNA virus family suggests
that their function is poorly conserved, while the specific functions of SVA L proteins during
their life cycle are not known. This study compares the amino acid sequences of L proteins in
the small RNA virus and identifies 13 conserved sites. Based on the SVA infectious clone
plasmid (pC3-SVA-GDO05), we mutated specific sites on the L protein, rescued the virus and
determined its titer. The study discovered that only the L70A mutation in the SVA L protein
caused the virus to become lethal, while the other mutation sites had a lesser effect on the virus
titer. To further investigate the function of the L protein, we substituted mutations and deletion
sites (H42A, Q79A, A42H, A56R) previously identified in our laboratory as lethal to the virus
or causing a significant reduction in viral titer, as well as the L70A mutation site identified in
the present study, into the SVA replicon plasmid (SVA-GDO05-Rep).Fluorescence quantitative
PCR and dual-luciferase reporter gene assays were then performed to investigate the effects
of L protein mutations or deletions on SVA replication, transcription and translation. The
results showed that SVA L protein mutations (H42A, L70A, Q79A) and deletions (A42H,
A56R) did not affect the level of viral replication, but all suppressed the expression of the
luciferase gene to varying extents, suggesting that the L proteins may play a role in regulating
protein translation during protein synthesis.

Keywords: Senecavirus A; Evolutionary analysis; L protein; Monoclonal antibody;

Transcription and translation
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A BIZEN RN TR

A BIFENRWiTE (Senecavirus A, SVA) A ZENRBINEE, — P IEEE oK
) RNA J5 7, /) RNA JR#RL (Picornaviridae) FENRKRTFEIME—R R, &5
ARSI 2 — M. SVA T 2002 478 5% B MR AR IR R 4AAE (PER.C6) #Hi 5 Hh
SROFES SRR, RUZE 20 4D 80 4R, SVA RIRECATEMBERIRAT, His. WA
W SR B [ R R0 G i I s DR AS W R 7K R R 11127, |l T TV E i
AR B, 245 S AR i 4 D AP/ (PIVD) Bl B 2007 4, fEMN
T RIS AT 3 [ 7K S5 o 8 B AR DR AS hAar il 31 SVARNA,  FERAE J9IX B4 K S i
PR R AP, 2014 4R A 2015 F4], SVA /£ PR KA E kU3, 5l 72 8l
PEALCL T R RN RREE. MG, SVA fERBRTERI N 2488, 20154, Bk
A EAGE, 2016 F, EHEEINFERMBRE FFEHET 4. SVA R IG ARAEIR T 24
Rk S ARSI RK ERKRABERS, Im PR b5 48 5 B PR /K S s A
PLIX 43, FLFE A B 9% (Foot and mouth disease, FMD) . % 7K %7 ( Swine vesicular disease,
SVD) . 7KJEPE 11 % (Vesicular stomatitis, VS) FI# 7K i 2 (Vesicular exanthema of swine,
VES) S5l BAER B RS SVA B I 58AE 12, /NS IR /E A SVA 1Y
PR BN, R I B ARAL R LS AT . SVA 1R i+ LA AL w2,
SRR AL T AN R B B K IRE , 45 78 48 b iy SKC P A e XSS, N 28 B 400 R AN 25 AL o
Hil, 5%7T SVA KT e Bs i, HEHX SVA BIZERIDE T M T rh e 5635, N
LR T R S B 1 4R A B Dy 70 70 O BEAR A

1A BERNRREFH]R

1.1 SVA KIRI R fv 4

FEN KT (Seneca Valley virus, SVV) 41T 2002 £E7E 55 [E 1 B 22 75 S5 iy
& — FEVRIT A TR DL WF 7 GIE PER.C6 41 g A 55 37 [R5 85-5 (AdS) 34K,
I e PSR R B 4 RS A8 SR (Cytopathic effect, CPED , M A4 Bty —Fib
REWHER . T D%, NALRWR SRR TR T BMERE, BRN
HAAL) 27 nm ) - FHERRRL, R SRR EUN (B 1-1A) o 534k, W2
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PER.C6 Al AT A Mt 7L, SR MEL BN RE, SR ARG 24 h J5 ) 40 ool ¢
BT EAIRE M o I PR BE IR R R —ATET AL I MAZ BB B B (Picornavirus, fEIFR/N
RNA) , K H G4 NFEN KB EE-001 (Seneca Valley virus-001, SVV-001) . #i4f
W, 299 B ] B 2 E I A8 FH 52 75 L G AR I B0 IR B RS 50 Nl s R g 2 1
2015 4F, [H PRy 722 2 (International Committee on Taxonomy of Viruses, ICTV)
IERK “ZEN KRB LN “ATEN R 1,

1.2 SVA BRI TF55H

SVA 7&/F RNA Wi #if}, ZENRWEEBIIME— R, SRR R E S OINEE R A
FY T, RN E 2ERELE R (B 1-1A) . BRAZN 27-30 nm, BFEG -+
T AR AR () TEBERE A 58, HA BT () /N RNA I3 #8525 4121, 5 HoAth 0o 743 )8 s 1525481,
SVA A /KL, #AHEKHT. WK H VPL. VP2, VP3 Fl VP4 Y455
AR (B 1-1B) , &F 60 ¥ U1, HEHKBAEREYS /N RNA JE TR AR R KA
P EAEE A, VPLL VP2 il VP3 =R 58t AL TR E kL1 IR, AR
RGBS, HA 8 % B HEIHHFI MRG0 21, VP4 AN TARSEHHS, Tl Re
L aE e Rl HARO RS, R PUFMSS S A KR R . SVA FERRIEIAST
FEABNEEMAER, (K8 (PHSS5.5) 5T 270 il R Rkl 320,

P 1-1 SVA B T4 T T B2

Fig.1-1 Schematic representation of the particle structure and plane of SVA

1.3 SVA WFE R H &5 & EEIh R

SVA 7 —Fi/MZFEZIR (RNA) s, AR RNA, FEAVIERNYE, KEZ
2979 7300 nt™ . FE PR 2H G B — MK B BN RIS B24E (Open reading frame, ORF)
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SHELGE N Z R ATTARE, HWEms X EE N L& L &E. fifAEE P1. P2
A P3 (E1-2) . SVA ZEREHBIE/N RNA 75 &3 KA Kb e L-4-3-4 15 )5, FEHmR
B 5 1) H BN TR RGP B 8 AT R PN TR DU AN &5 K B 5, B VP4,
VP2. VP3 fil VP1. P2 1 P3 #% 2A. 2B. 2C. 3A. 3B. 3C Al 3D 5 #m LskE
gitgmEall, ZREAMHNE A —NEERBEX (SUTR) Fl— D2 R H R AR
P 3% (3'UTR) - 5'UTR A —~% N VPg (Viral Protein in Genome-linked) 134 i%E
BEA, B REE IR s 255 5 RNA $HPER S A 7 R IR AR 21,

Structural Non-structural

lTransIation

Processing by <

(d3com
‘unknown

\ ‘ Ribosome skipping

L ||vP4|| vP2 || vP3 || VP1 .-- 3A |[3B]| 3¢ | 3D
[ T Y T T U Y |

B 1-2 SVA HEH 20 25 7 7 [ 120
Fig.1-2 Schematic diagram of the SVA genome
1.3.1 JEGRIBIX
SVA 5'UTR 814 665 bp, £ — N IRABAA B 2 )% 75 (Hepatitis C virus, HCV)
) PN S AZ A i NAVT 5. (Internal ribosome entry site, IRES) , H:F 406~625 nt B %)
SRR 2 R 57.3%, #2785 SVA (1) IRES AIVAL. HEEHFD)GeS 4 SR
Ji 5 (Classical swine fever virus, CSFV) Fl HCV AH1LL, @S HHI4H i RNA FIEHFK
BEATHE T RNA S B3R7, ghah, IRES Mo T 7454 E . BEsR 1
(elF) 4E fid R AR SERZREAR IV FERS), IRES R/ 32 B 23R 45 M1 (DID) AT
(DIID ZH/E- 3%, DII j2 —AN5e 8254, 1 DITE S A LA 22 IR: Dilla.
DIIIb. DIllc. DIIId1. DIIId2. DIlle A1 DI, IRES H ({25 3R 45 Ky 2 M8 1 AR i 1 B0
PRSI AR R E I L Foote, RET A EERERF. SE TR SVATII2 .45
P2 e RNA S SVA AE KT 7R, (HAZ IRES DhREPT AR K], 1d2 Gk
XF IRES & 145 #0027 SVA IRES 7EHR BEL 4R %05 7 AUG 1) Bl & A R4 4514 .
SVA REEE SN ICHELE R, BIERESZXTRIT (PKS-TFITD o PKS-THH AN IS Fe 5 52
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(PKS-Ta FIb)AH s EATZ A —A 2 AMEEIASEL T B (UpS) (B 1-3A) o HH,
PKS-Ib B 70 T 8 AR KA AT AR, — T 5 B, AR IRES 1 PKS-11/
TR 2IHER IRES JA 8 ARIKKAE S, HMHHEEEMN cDNA whEh k&R, 7
PKS-IIJE 2% /7 (5-UAGGU-3") FliRIG% 15 F AUG Z[HILH 13 MEHEFR (5-
AGCACAUACAAAU-3") , HAEFAA SVA sy (B 1-3B) « LWAE, 4N
B 45-AUG [RIFE X T SVA 5 HI 8 C B 053¢, SVA3'UTR KB R 71 nt, K& A

ERRHR Poly (A) B, ILREAMWNKIEEM CRRIFIR KD FAH AR T8 &
WGP, 3UTR FRES S FE AR RE, Forh, ORITE SVA B ik 5 2
,f/,;);ﬁ [27, 37] .

A IRES B

sssss

sssss

Mo $ X | PKSHI

i

it

D\ -l
oibdiny

T
MR
18 [ 1c [ 10 [uls] 2c [aaf] 3c= [ 0™ |-Poly(a) @1 ‘f‘F_\LM ® [c [0 [] 2 [p] 0| o~ |-Poivia)

1-3 SVA JE[F ZH IRES Ht PKS-IFI PKS-II75 55 £33 34
Fig.1-3 Schematic representation of PKS-I and PKS-II within IRES of SVA genome
132 MFEA L
I3 L (Leader protein) s& SVA Zmi58—FhE A, A TRFBEAZHE,

ERILAE 79 NMEER, o TFEMNA 9KDaPl, L & E7E/N RNA REERH AT 0
JEEE (Cardiovirus) « EFEIRBEE (Aphthovirus) « TEHHTE)E (Teschovirus)
AR 7 73 )& (Sapelovirus ) W97 55 J& (Kobuvirus ) U}z A T 3E N K975 55 )& (Senecavirus
A . L EARFIEN RNA WREER R AR, HIRe A KRS« 1E DB
BEBALOERE T, L BB — M SRUKRINE B R E 2 R & B, v AR B AR
GRERIF, S A 0 A B 1 0 R T (e ORI RS 30, e Ah, O
BEMN L HEREZM SR EM R IR E VIR DIRE, a1 B A& R T Y
FEAE L RIEORORL TR G A% BUIE . AR TR 22 RE0E A B L (MAPKD 5 5%
[0V, SR, L 25 BRI B /K AR eV T 3 (R AL TR 0 8 4 25 7 R R e R Tl T
TP L EARNEREFI S AN RNAREAEERRKNZES, LT AEs
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MUEFHITIRE, (B L 2 EAE SVA A dn I HE 25 AERE, U0t — B2 D)
REATLH -
1.3.3 4£MEH

SMEATES SRR TR BMAL: . SVA KFEEAMIERAM P1 X455,
P1 Zk#i 3C EAMIEI L= VPO, VP1 Ml VP3. 4] =Rt & A BEER A
TR, ARSI VPO i — B iy vP2 il vP4l24l, VP P A
264 MEIERR (aa) , FF BC HIE (BRIE 50-74) . CD-IAYFR (BRI 94-109) Fl GH
RITR (B A: 185-215) &8 =253 . VP2 EHEHBE 284 NMEEME, & — EF M3 (5
5 172-200) Y01, gbAk, VP2 AT P AAE M S M AAACA 5 IR
TEREHITTH Cered) , PP U FRILAIN BT 8 VPg AR L= 4E5i 5 RNA &
BT 75 1) B4k VPg (VPg-pUpU) 421, VP3 & & 239 MR AR, B — “knob”
gER GRIE 57-73) o XL SR EITE . 228, (ME BRI A AR M G N
K, HHRZHIUFERALAL T IX LA ST S50 R,

SIATAETR BERURL AR TH ) VP R AN = e i i R i a5 i B e, "I RASI R
B AHHLA T AR B, IXEIRE VPL B AATEIETEN B 4HAAN T 40 Ar 13401, 4%
1M, AT A R pe BTN 4 e H— N2k B dliffadR A, B 2GELAAPZHI, (/)
RNA JREiRS R BA mEZ SN VPL EH, HASHE FEMPRPURM &, Kk
VPL &AM AT FH T ST A I F AR (19 35 20 e v, 180T F T 55 1 2 T-IRAT 9
FRF T8, R VPL B AT SVA ML BT, AT DA AR 5 I AR A% 7 1R 5%
5 (AB5T. N94S. AL14P 1 S229G) , IXUETAFH AN a7 [E SVA FEtk M 52 2
1B 1 5 A DRl9 500, 5 i ORI T R I, AR R R 2R ABL, VP BE 1 R] LSS AKT-
AMPK-MAPK-MTO 15 518 #1755 3 mxl,

VP2 A /2 SVA 458 ERIE BRI R, VP2 A 4 E H ZRAFE L B 41
M A7, AFE PDRVITQT'®."WTKAVK®, ® GGAFTA!®, K SLQELN!*¢ 3 QELNEE'*,
MSYKEGAT? & 147,52, 531 VPO 2= 4= VP2 Fl VP4 K LA T 0L 1 T AT il 8 ) it
TR, PR ERRLT B AR E PEAE Ye i 2 oG B DY, HICT VPO R VP2 I VP4 1]
MU b o AR R F AR/ RNAJREEIIIEFL, A ASet SVA VP2 F I H A IRk
%k H204 FIRE/E VPO EELRIIRE, KRAEEHIEFHERREME, H5E RNA [
o k0,

VP3 85 LR B AN TE E IO R s EEREA . VP3 ] LR
SR G R 3 A TP AR DL ILE R B LR (B3E9) fE VP3 S H T iRmIH —
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AN e AR ST B 26 B 4B A7 ("2 GWFSLHKLTK?Y) | #f— 2% 5E % 8] W193. F194.
L196 F1 H197 52 iZ 5 s FEHUA R A 1 SRR FE D, VP4 3 ) N Il 3 5 P S5 IRk
B ERE, XNT VP4 A MBS E o EED, HAh/N RNA i E R R
B, w2 AR s G R B Bk, [FIRR AR e KA R, 23 VP4
B EAMEIEAEA AR IEES R Bt NGRS T N R, LB, VP4 B RIETE R
BEALIRFIR T RE, 95 RNA I8 I JRI A b (L dE 20 5 5 J3 20 198 A2 1) 58 590,
1.34 EEMEH
BINIEEEAAS SRR, BN 8 S A St R b Ok 2R oe
SEVEF o e ATTRT LA SR MBS 00 3 3 1 R 5 T, R B A MG S, R BT
WU B R SN
1.3.4.1 P2 HifAERH
P2 RifR R A#; 3C EABEYIEIK 2A. 2B, 2C. 2A Al 2B A Z A PIE A £

MEARNZYS, X&HT 2A EARREREFAIERT I NPGP 27, I RH#E
P1-2A/2BC-P3 & WEARBKER TN RE, 7E NPGP /7 “GP” i st 2A-2B H [ 45 251200,
SVA 2A H 5/ RNA RE R MR SN 2A EAGEREZER, H2A BANEE 9
MNEEERR, &/ RNA JREERF 2A SRR, Bk, 2A 8 A0 REAAE A 2 A
PP 2B SR EHA S 128 NEIHERE, K/ 14.4kDa. /N RNA #i#EH ) 2B 5 EA
o4 3183 B O R E A B A, T DAY SR MR A A M, DR A R it
T2 FFp 2 0 2 S FORE O 621, /N RNA 5 7% 2B 8 [ 10 e 45 M B ARBL, #8001 SVA 2B
B AT 0 R I A R AR e S - 2 kA, 2B B B R A9

(caspase-9) Al caspase-3 W1 7 ik FLNAAPURE G SEE (MAVS) FEAERHD
SIS TR, Horh, &JERR 1-48 A1 100-128 Xkl e N 2B & A KIEZINfE
(DG BE X A3, o — TR S R B, 2B HR [ W] AE W B B I R i SRR DNA

(mtDNA) FIRE, FBRUH mtDNA 5 cGAS 45 & H S PRIk GMP-AMP & Rl - T34
REFRIE 7 (cGAS-STING) 4" FHIFUHR R I V. SVA 2AB Hi A AT LA
e 5 R, DARS U B A E Y, B H BT ERGEER Y] 2B
Z 58wl SVA2C EHAFAEERS, B8 322 MEAER, K/ N 35.6kDa, 1EH
— MR ERERE Z IS5 RNA &R 7RI, 2C A M TERA, Wil
caspase-3 75 FAMLIH 21000, 2C B ki AR IR 7 U5 T oGAS g, HAh
559 A FIEE 153 ST E R RAECEAE R, th4t, 2C EATLAYNE 3C & AiEd 2t
KA (Caspase) 15 T IHERIE AR FREMEA-T (RIG-D M, IR &
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7 (Sendai virus, Sev) B{ RIG-1 55 IFN-B 7= AE K Bl 5978 3= 11 2 R fe g% [ 671,
1.3.42 P3 R A

P3 iR ¥ 3C EAREIEIK 3A. 3B, 3C F1 3D, 3A AL AN B K
BE, B8 90 MR, K/MN 9.4 kDa, HEHBERE o i8lE, 25K SEHE
G AR E R, 5 RE LA R S BT 3A AR D,
HIpeibFa st — 1248 . S —I ALY, 5 FMDV 381th, SVA K 3A tHE AT LA
I IFN (5546 %, JFild B g L e R RN 3B EEASH 66
MNRERR, KN 2.4kDa, il 5 HERA 5K ERK VPg B H, H1E N7
FIESE RNA & RHE A5 AFEE AN, FMDV 3B & A A L5 RIG-T 2575 3P &
I AHEAER, BEIST RIG-1 /v 3 %205 546 S A1 P03 I S0 (B SVA3B HH
I ShRENLEI A Fr . 3C |AES 211 MEER, & MRRAEANE, A
AEAMEE, HILGEMEAL SRR 3C BEAMEN/N RNA JEERH 2 hig
HEW) 20T . SVA3C EEALERETUE FPR e e KIEZ ThaelEH . JLBiE iR
i, 3C A LUEIEIE MAVS. &F Toll/IL-1R 45 135 %1% S IFN-B (TRIF)
FI TRAF SRR 53 A% NF-kB 305 77 (TANK) SRINHIIRTHRZ 10 77 4, BER RIG-I.
FEETIF W FF (ORF3. IRF7. IRFY) 15 5% T 5 # 5 0% K F (STAT 1. STAT2)
S5 DR T i PR 7 DA RSB A 32 2 K G g IO T kA, 3C BRI B Rz mAEH,
#U[E] RIG-I. TANK 45438 1 (TBK1) 1 TNF 24Kk H T 3 (TRAF3) iz
FAk, AT T8 IFN {5 538 5% 130574 SVA 3C R A/E AT st g 42 (PE T,
BT AR P RE—ERIER . 3C A RKMEMEE S SARAE TR R+
HEMEM, JFEAMREERE CRBEIAM 0P, 3C &A% NOD #5244
RO CE E 3 (NLRP3) KAl NLRP3 48 hE/IMA RS FI SR AR TS, BY
7E Q193 1 Q277 £ s Zf#%E Gasdermin D & (pGSDMD) Fi/5F Caspase JEAK M
AR TEU0, 3C EEEIE A LAEE] VP3 & F S ERK1/2 MAPK-MTOR 1 p38 MAPK-
MTOR 3@ LA S 4l B 1B, 548, SVA3C & FIE 7 IE B BE WS AT 2057 25 5 1 -0 1
T 32 4 6 R 3R 8 A BT T R B 3C B I IS BB AN %42 7 BUAZ B IZ B2 12 A1(hnRNPAL)
PAe i SVA IR HIU7, 5—TJ51H, 3C B AN E A BE T poly (A) 4iGHEH
A5 1 (PABPCL) fEFRFE 437 AL A 1E 40 ffiEl™). thébh, 3C PRt he
BEWIR eIFAGI-G3BP1 & FAH HAE FH RS RIBONTRL (SGs) HITE ). 3D HH 2 SVA
i — N EE L & RNA MKHE RNA &8 (RdRp) , 5 463 et
B2, K/INN51.3kDa. 3D &[5 HA/N RNA %K) RdRp B —FERISH, 255

7



PN e R3S

fsEH, HA LIS 3AB SEEAMHEAEH], A LIEJy 3CD EE AR/, RdRp 5
FAb W 8 8 AAITE E R FAM IR, BaIAETRE RNA G5, S 5REEHEAY
FRITE 0L,

2A BEARRBRRITRE

2.1 5. EGIERARERRE

AR B A FR AT 4 SVA IR, B AT N Gk, Judle 1~4 B, H
RIRFFGET R S, RIRERFEIL 70%, FETIFM 15%~30% A5 81821 VA F
VERIBR TS AT BRI I AR 0SSPk LR BRI AN IR T A7 TE 22 5 o AR A R B2 3 1 7 4T
FE AN 1) AL YU o 55 I B9 ) 20 25 1 v U 30, 9 1 8 B R /K R
IR T 73 A ) DA S HEIE 2 ) v 350 S R i B, HE AR AN G T5 B K8 falk, 8% T
HL UL R AR 3% 78 IR BT OB (T 7R AL Yl 683851, BARRE & SVA M EZRMRE +, H
PRI TR, mE VR AN B Bt 2 £ 3 i 5 . 81T RT-qPCR HARTE /N B EE A/
J¥ UL R A WA AS AR 2 T SVA PRI, SEIGER UL SVA /N TEHM G 2D JE Y
A DLGRFR G AR AS FRAESRAF BP9 55, H. SVA TEAS WA P 1 A7 335 I [A] KT8 22 /0> 48
hi®el, Jx bt AR, /NRAIE IR AT AL /S SVA I RIRICAZ R AE AR . Beah, BHIEA
ALK PRGOS P A I SVA FHPEDLIE, FF MK AR A 25 B3 —#k SVA Bk,
X REF T SVA FERFRESS ST, FRGE RN, BT SVA M RRIL YL
Ah, IR KRS TSR RIS TR N SVA ARSI . SVA BERT DL B il 6 3%
AT SE I AR AROK S A AT R Al A 3« Rr SRR G A BRRSE A S S B (A5 36 1 2, mTRA
B SVA ALIRA A e A5, B SVA 5 0l feAEAF 3% 2 1A BEAT AL HRS 91, E 40
FMDV 7] DL S AT 3, (E%A ELBEESE 7T LA SVA th s T IR IR AL 4R
OO, b, WERNRAEF AT Z AN SRR SVA B RNA FIFLR, H 51 K47
W5 L2 AR, R TE EAE R T REAS SVA I — R L% 5 30, B FR it — 2B aEselY,

2.2 HASNRITIRA

SVA T 2002 £ SR E B RPN, WFFEN T3 AR =15 G rh 70 s — Fog i
RFEE, LMFPEERm4N A RIENRE (Senecavirus A) o 7R [E AT — T
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JNHA 20 R IEEMERE SR B, H 1988 AELAK, SVA LTEZ EAFTE H ol st — BEAEN 1Y
FERER, btthad 80 AR, M. WAFIW. Hvi=. HE. BAF%EEKHRE T
Z A S0 R K% 1, L FMD. SVD. VS, VES &5/K S (112 Wr 45 5 15 9 BA 1
57,2004 45, S EEPEELPMARE TAFEZENE R oK R R A, RREINKLT
SERBNYIKIETR, BT JCVE A E I ARRE IR R L, R E5-B 1E A A 44 A e R At 7K SR
(PIVD) B, B % 2007 4F, BTN 5 AN EE KIS A 3 1 PR K S 105 99 48 PR I AR A A ks
M E] SVARNA, ¥ SVA 1A K i (1 S AL 2012 45, E3E [ BN 224
—N A KT IR AR 6 F S B B3 RN E] T SVA, #E—PIESE 1 /KSR 5 SVA
S 2 [B] R AE S,

2014 iR Z 2015 4], PN XK 2 AN 8IS T SVA S IR R K ,
ANFFER B (IR AR B52sgm, H, 1~4 HESHEFR T2
B34 BB, JEiRkiE, KRR IR AR GRS REE . kM. 75, e
FEARFIPEFCEE, IS ARRER AN = AU T Fep 82 2~3 Ji o BRUAFHE (e PR AR B4 e IR 30 ik
7 kAT BEURT B () B Bl s AR AL 81 921 TR A SRR, 7E BT AR R
G, ARSI SVA BB REEA g, —IiyH 10 4 (2007-2016 )
[ Bl LS F M A R, SVA 1E 2014 EZ A I RAE L VIIAT, 2014 FZRT3RAFH)
MHEHFHT SVA HIPiiady R, RS ZEERIRSE T SVA HIKEMRIRLK, X
K W] SVA tA T e 1E 2014 FERNRA LB N . 2014 A2 SVA £ IR IR 1)
—NEBEHEY . B 2014 25, SVA {ERBKIGHE NG REEaZ, Eh, £H,
MER. SHELLE. ZeE. . HEMEESEE K HIL T SVA EIE, BEYHEM
R HEFNFET - 5 A 55 35 1 Jypy (10, 16, 95-100]

2015 4E 3 H, FEITAKEERIRIET SVA BIRE, HoEHFAEE—4 SVA
Btk (CH-01-2015) , I RAEIR 32 ZER I A BRI I AL MU AL AT 4 VRSB T . P51
LT B, B I EE RS ok B . VAL E R 8 A SVA #kEA 94.4~97.1%
(2L BRI 2H [RIYR DS %), 2016 4F 3 H, WAL E IR AT 32 SVA 528K T KA,
I3 —HRAL YeE SVA Fkk (HB-CH-2016) , 5 CH-01-2015 HAWE (99%) %
PIZE RSP, R E SVA 5 13X 5 S A 22 TA) A7 AE 35 R IR AT o8 A S DO
2016 fFJRE 2017 ¥, BRITAE . WEE A AL NI SVA &, 085 H =k
itk (SVA/HLJ/CHA/2016. CH/Ful/2017 F1 CH-HNKZ-2017) , %A, XLk £
I B Pk AT R A R 40 1021031 bRk AR MR [F SR SVA Fkk D& e
Ei4T. B SVA T 2015 S/ E AE HIUGE, B &3 Hmg i, mseailld
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PE A2 F] SVA [ggi . EE) A S HRATR S F 0 (CAHEC) 2019 4111
gl iy DA A A48 BoR, B TR G BRI AR AR R 2 Ak, IR )T
AR, RifE. = DI 7 bR, BiEE. SoMl. IRERTH RS 12 M T SVA
W, TRE RN T R R IR0, [ ) SVA BERREEAT RS AT,
RIOFLATCA A 5 DALy 32, R HE 2015 LK, SVA 1 E 2> B ik EBUBER I 3#E1L
A, HAFSERZ ]GOS RAERER B LT RS, #8 SVA TER BT
IR T F I,

SVA 1EJ9/)y RNA &5, HAEMRSMR N S Hld A b B BE R AR =, i
STHEBEALH AT (S R0 H 4 2 /)y RNA TR B RRE . H7ER E LK, SVA
—HAEARWE, CEREZRET SVA RRAEL M IRE . 7RI, HE SVA 43
Pk (HeN-1/2018) HIEPR A& D FEpR A A, i Be (1-959 1 2355-
7312 nt ) Y& H USA/A44452/2015 , 55 — N A Bt ( 960-2354 nt ) i H
USA/IN_Purdue_4885/2015!"121, Liu &SI FE 5 1K1 7K Ha 99 B8 52 o 73 &5 H AR 28 SVA

(CH-GDFS-2018 #1 CH-GDJY-2018) , HA5HEHAXMAES M EEXIHI 7 HAH

B, 25 7TEHNMENGHRZ SR EE. A, Guo SN =~ dr [E 4 55 #k
(HeNNY-1/2018. HB-CH-2016 F1 SVA/CHN/2017) %5 NE MMk, FiR4EREMH,
H 2016 FEEE R LK, SVA Stk MR EL TR CEAE R E B, AFRERZ ARE
(2R R ZH E 2 S T AR R R I, AT N 1 SVA 72 A AL 4 1 52 2% 1k

3 A REARRERBREHLH

3.1 difsZiE

T3 TR RL TR G ) S TR SR AR R S AR R T 324K S5, RN RGE S — R
FIERE, BT ZME R /N RNA 78 O 230 BT FIALE SRR A F 8251
NHEEZAR, REWa A2 A2 e T sk E a0k (1gSF) R4iiuRim 7, M
VOO 9, P RS 3 75 32 AR B AR 0 75 B IE UL, SVA AR T-/)y RNA JREERFH 1
fiw s, RIEFFRZA 1 (ANTXRD) & HBEG NNUE A RS2 8, e B SVA
KA A R AR FIA EAE RS T 52 BRI R 2/ RNA R B 2R A,
ANTXR1 A2 IgSF AR RO, T2 — P 2E e b Rk IR s s s e, JF
ANTXRI1 vWA &5 F3 1) N-E B2 A02 SVA Bt 6 At N 4H i b R U8, 76 SVA
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g gedfEd, ANTXRI1 (EFfE . AT A A REIEH, HEFARN T
SVA JKULIIME— 32 A HABWFFURN, MR T i 22 I R 0 HH 1K) SVA ISt
5 FAE I,

3.2 BRYLFE

SVA IRYLHAE], JREALT B R 518 TR ANXTR] 24455, REENEF
VE R 95 #0017 N AL B 75 T2 40 it 108 1200, SVA b5 H sz A i 4 4 7 2R e Fe AL ) 5 LA
/N RNA i #EAR . SVA 5H 2k ANTXR1 EE5WIKA GBS R, ANTXR1 7]
iE3E VP2 DF ¥ #1 VP1 CD W[ E/Emi# b, 33 VP1 GH ¥/ VP3 GH 459748
A, AT 355 53 7 1B) RO AR ELAR F R BOR A e 2L e i AR 12, 7 RNA iR IR
ZHE R R AR IR TR “IA” e 5T ZARE &, “IB” T
TRIMEGE S R EFIMELL. ZAARLE 1 SRR T A R« DARE T,
— ML T K DA NRITER, LAR SRR RL T B S50 2 T KB, SVA
KT EA WA “IRAE” 450, (HEA—ADIER “ NRE T KgAK 14, Hi
IKEBRIN O LT 58488 VP B A sk LB 1, X B SVA 1] 5e I FAS [B] AL il ik
AT e, HEARNLE EATE RN SVA Ji T REN i 2 S A0 AL A . BT A
FIF HESZ R A T MR AE T AN 2 4R T I AEE B & A2 AR 40HE, T N2 A2 Al
WHT IR IE AR pH . B U8 AL AT E . /N5 A I ] s 1201221 SVA Jig
BRI R NTE EAHR S, ARG A AR 93 0l i 12 1) s 3R 7R 44 X 4% ( Trans-Golgi network s
TGN) SIARF AT, B & MNIEEFACK L RNA B B i A 200, SVA JE R 4R i
) ot Y S MR i BRI OR B SR, {H RNA 701 ANBE A F T8 340 RNA
SRR B AR IESE RNA 70 7R — R R sl S hil i, s a2k AL il
60,25 R R EE ORI ) B IR BERIORE 1T 1 B A AR AE A R (A% 1, HLAMBAR A
FHVRGTCIERE SVA R P AT BT

4 A RENRREBRIRRER R EZ

4.1 AR

SVA 5 FMDV. SVDV. VSV. VESV &% 8 0] 5] 28 Bk, H IR N

11
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FRALL,  EASRIRG R R IAE LA 53X S0 22 o (R B /KR X 43 TPk . SVA RS ifs R Bl
H R, AR 4~5 B, FRAEPEIR AR G35 1S58 1 LA AR IR 2 ik
R KRR AR FIEERS, H AT S8 10%~90% 4% S BLR & A 47 0S 111 125, 1261 x5t
R BN K — UG SVA I REERE AT R A SR, 0BG BT Ea 4 )k
BYEBELE, 59 25%~30%I1 % R AR 3h ks A 2 AL B IK & B I B8, RS
IR, (R RBEAE S, RIATERIEAED) . (7052 SVA Bzt h o, 7 H
W LN AP 2 G Je , RV IERE, LATE /) g 2 kTR I ZREik P&
METES 2 AIRACREIR, FTRFSE 3~10 K, #aaRAETEIEE,

1-4 SVA G R (1l ARER I

Fig.1-4 Clinical symptoms in SVA infected pigs

4.2 JRELL

J&Ge SVA 1) 5~6 Jil e R BURRAK G S ImARREIR 5 25 1UAE AT 4 45 22
D2 e SRIERATHSU AR A E ORI, SVA FEO R IR BRME. W, B E. B
RS BB EES . E . Sk RPN E K S A A A, R
SVA BATZHLENE. Forb, BEAASE . wbk EL A A MR A s 7 a8 v T A
AL, kA R B s, B SVA W BATE Bk i A2 1), 2B m kAR ] BE 2
JRGLSMEIA SVA S 1) 32 A, 2 — 11200, e AR o 11 g JBR o A 2 BRI R B 3G A
b7 MREIEA AL VeI RE . PR A IR T A e S T R R
FURAR BBk s 7K 9 A2 1) Bk ab L2 2 e RS ks B2 8, RFHER BN HL B 53R 1
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W2 I E, JRAEA K. ROEAMIRIE . AU A IR SE . B A4 iR A
UK. BEAh, JROYRRIET 3~7 R, BB BRI 5 25 b O 5% B 2 P Ak
EH 2, T s U s B P AN T, A TR I8 Ak 7 i 20, FEAT S v, TSR R 2 SVA
SR 0 E B GUR B AR AL, HABGUR AL & A7 AW R B i b BB AR
BEWEREAT LR AN A % < RSO WL S . REE SRR PR 28 ARAL AR
PR+ k2% MR AR 2R L IR A o PAY P PR TR AR S5 o A T B R AR )5 5 R A
RN, EEERBUONMAM . IRFERI R B S i 45! %2 1271,

5 A BUFEN RIS BT KD

5.1 Wk

SVA FEIIR X DL H A2 05 B3 R /K0 5700 ke, 380 1 s RAZ B B FE
PR, A7 — SR L REBORURE 5 10 () 7K T M50 12 W R 8 g D7 VR kAl SVA e
Xof T H AR Az 2+ . BEEAERIIRRE, AR T2 BB R A
W, AERE KSR (5 JE ARSI o R PR A W AR . BnSy, CE L T 2 M AT
R TTIE RIS SVA BRYL
5.1.1 JRIEFE K

BT SVA BRI I E R A B R e M R, ZEIG RN SVA J7TH K
FEERIEH . O 2 ML LG R 4 Rl 7740l , 245 % M RT-PCR.
S¢if RT-PCR (rRT-PCR) . #4245 RT-PCR (RT-iiPCR) . E3{ PCR. SEAf %% 5E &
RT-PCR (qRT-PCR) . s %R %5 PCR (RT-ddPCR) . e 3R/ SR 3 1
(RT-LAMP) . RT-LAMP-ill [ E ik 4k (RT-LAMP-LFD) . A EE Ay 1 (RPA)
AT RPA-IZHTIALE (RPA-LFD) 4. FRFTA A%, qRT-PCR 7E I PRAI b (1) 57
ATz, A RKBERRIN 0 SARAE,  Be S PRos v i A [R] A= M0 RE 2 oA )
SVA B[4 .

H AT CRER Z P REEFR 1 77500 € Tk . Yo SE U205 40 Bk SVA H:A]
FE AT RIVELEAT, SR BEILAR S X TE T 3 X 50k By 1 514, Jdid %
TS BATIALR I T SVA ) RT-PCR 5%, %0746 B BRI R4 34k,
AU R 45 R B, i ERA M PR AT 3K 1 TCIDso. $EH SVA 3D 3 [RIHF & H — Fl g 2
rRT-PCR, 5 HAh /KI5 058 R, RBUEA 0.79 TCIDso/ml, FER]TT & AR

13
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WA &), HEjH SVA {57 5'UTR A1 3D FE[H 43 51T & T rRT-PCR Al RT-iiPCR &l
Fik, BAMREMRBEMRERE, Hd RT-HIPCR &M T 33700 i 44 g s,
Feronato 253U TH1 [A] VP BED5 (1) 51 001 Kk tH—FhE =X PCR, Fehli& A T Rt EFE A
HRE I DA B 22 A A3 AR AN i FH sloAar A B 14 BRI L. qRT-PCR. 295 J 22 A B0 h i F 1)
—F 5% Dall E1520FF TaqMan 78 EHREM M SVA FERIZH VP12 R B AR S X 38T
R —FiE A QRT-PCR K59, R RTIA 13 #5 DU/pL, Al {E R 262 WA 2 ik
GNP LA SVA B8 DU SRAT IR I LA R R bAh, Mu UPHEE SVA &
FEARSF I L/VP4 F: K 75T & H —Fh T SYBR green ] QRT-PCR 572, Jp 2k tH R
AlIA 6.4x10' # Ul/uL. #HA RT-ddPCR /& —F % =X PCR K. Zhang &!34ET 3D
BRI K RT-ddPCR J5v%, HomEfa th IR &k 1.53 + 0.22 $ 01/&B, REJER RT-
rPCR [ 10 fi5, TEREEHERARMIFE S a8 R Bt A Il SVA. RT-LAMP I & # A /2
DAL W SVA BIPGE AT 77 % . Armson S5 % SVA 5'UTR 1 VP3 JE R K PR
Fll RT-LAMP #:0773%, BA & R USRS, B AT7ERE SR E B AT Pk 2
WA, KRR SRS R S8 A G 12 e K RT-LAMP 5017 Z #7148 (LFD)
4G, JFREHTAE RT-LAMP-LFD J73%, SVA frtiIRZy 11 #5 0/uL, REBUEZ
RT-PCR 1] 10 515 iZ 0548 i AR BRI, A E T, AT I Pk e 2
Wr. RPA FEN5T—Molr TR, J&—Fl A T il 2 A% B2 1) v R BBURE Ak £ S5 iR 4 3
R o Wang ZELER 0 SVA RS XS A 1 — Bl AT AERE AR fUf F O DRI ] 52
TifE . AR RPA Rl 773, 7B A R R BUE AR ek, % I 4E 8~20
min IFHEER. Jhoh, BEBHAEISEST SVA 3D FKFF A1) RPA J7ik, 40°C %14
T, ATAE 10 20 Bh PRI 2 B I BE D 28 #5 D1/l B SVARNA. J5 X5 LFD 454 & 0T
T SVARPA-LFD Kl /51, RIS SVA B KT AT 25 #4139, iRixseft
25 LA SR Y BAS I 77 1 2 H B B AR A, BT RE A [R] PR 47 100 W] e 43 e 0 E) A
Jiike
5.1.2 B 2%

bR 7 I TR NI VESL, MIEF2WIE SVA I R I bt 6 G E A .
VP1. VP2 Ml VP3 45t H AR Ol -t (R4 ELISA A5l 1gG W PR AR . B H
TR 7 —Fh 3T VPL A B4 ELISA, A H T4 SVA i S/ g Hiik,
I 5 MR T 0 IS T8 X . Dvorak 250410 7y B4tk oK) VP1. VP2, VP3
TR DL K — i 4z ELISA i TR %€ SVA MGk, &R 8x, 4
X VP2 B PR N T VP11 VP3, H SVA-VP2-ELISA [¥) ROC 7 #T &7~ R L

14



A USE R Tt

JFERIHE T 73 900 94.2% 1 89.7% . 58 % I 9T 3 W K T~ VP2 2 H 1) PELIKT A1) 42 ELISA
XL SVA L5 7 H e R A AR S 042 1930 TR 3 AR UKL (Virus like particles,
VLPs) H5RMMmERRAEML, BAmEAFEESMN e, B a8 rmE
BEURL B 2 Bk LA T (1 2 AR R 0% R P, Bai ZEUR] A SVA-VLP {E A bR T
KT —FhsEdt ELISA, JRER A R B 50509 100%H1 94%. 11 Ma ZEUIIH]
il & A SVA B B BL A o3 AR i SRBUAR A AR T A TRl SVA Hon
PUARIISE S ELISA, %7775 5 HAMAR OO IR AR To 28 SO S, He R SR R S 4 23
AlEIL 98.11%H1 100%. 34h, Liu MO A7 — i H TR I L3 A il (40955 55 A
I (VNT) , HTHREHRILTSE5O6, AR CPE, HfE4% VNT B hthE., R
GG ILS

5.2 Pt

Pk, FEARE EHaRmRERN K2 AT EIRE T SVA BYYsl, Fit,
] 38E G SVA AHSCHIZK AR (SVA-VD) et KA RAFICNEEL. HAT, 7EXF SVA 1K
eI G g8 S ANAT 0 22 55 07 TN A HUAS T EURIERE, JAR I K& A5 BT B R
F T F4z 6] SVA-VD HIR K .

HAT, MICEXT SVA A Bk vy i, BRI, BOnssasE &
BEL SOV RIREETE N AP 2 A it 8RSt SVA FNILA AL Y A 51 N A8 HESE B
FCH 2 G TS B o O AR ZE A0 14« N R BRI Sl gt N F79 0 A 77 X 3
FE— TGO DA B FE b, P 78 40 2 0 7 AT ok v 4 4l 2 PP Al A T RE 51N SVA (1)
AR DG, ZRAMIIE DX SN0 2 A A e X3, LA R — R e & M AR AT A
g, WEE SVA BB B, A\ S BB iEfht ], tehk, B RNnsRR A G LA
K FRFEA R AP A o). N DUIR BN 77 T, 0 5% Tk 7758 X )T 35 LA, AR
AR SRR SR, AU S P IR [l SR T A 1S
WAEEE, TR A (2%) « BRIREN (4%) « ATERTR (0.2%) 4R (2%) .
KA (3%) AN (1%) M E R EIATAMMETE. it g s A
(CAHP) — R {5 25 7B A & — R 2000 SVA W R, (R 3L7 R TRkt 2
(1:20) FEEfhtE] (10 2380 U471, JNELL 0. FEISESmk o sh W B d CiE ] 2
SVA HAEIRIEA, k. M7 oRMEmmE . R, NIRRT ES, DIkt
RRE@A. A, R AR LU FIE, 1E RSB SVA IR, MR ZL
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BB, FRFRAEE & R, U S EE IR LA . B ik, X
AR B L 0 BE A R T A s AN TR o B ) A A o I R IR A R A O RE R A Y
EYIREARAT R WG A, — FORBIUR SRR . L SVA R, A E40R L (Oxford
Nanopore MinIOND Ul 57 2434 1iF B w] DA A'E 18 25 R0 e 00 3 & s B P s 1 a ok TR, ]
DAPRE | AR MRS ) s S5 Ak L1481

5.3 BHFRIER

P R R T ANE S SVA A 2%, AR, H T L ik Ab i SVA
BREHE. B, BYHEIR — RIV LG RREE, S 0H U T SVA K
IR, BRI BEEiE R R SRR v 5%

FECHGER A SVA ZE T, KisR et gaitsl. BN SVA 2Btk
(CH-FJ-2017) il Hh— Bl K A5 158 B o 1% V&% B R 5 3 s i P IR TR A A, HLAE
52 B[R] 75 BOE N A R B I PROEIR 2R B P A 7 2 v B AR v A DR R 1490
UbAt, Z NS R A T — A FORL, 1ZBUORLAMYAE 293T 4R A R A £
Ik P12A-3C, IERTLAE/ SR 75 T i 2 SVA R M BTiR, O SVA S i it 355
TR 2019 45, Sharma SR Be A B4R 2 BORTT A 1 — Aol 24 (1 S ZH )8 7 SVA
PR (rSVA mSaclD) , AN SLIRUZEKR O RESS, M A HImE. W
BEMLTE,  HW R MR B2 98/0 o rSVA mSacll i FF bR IR B 1 S i, JHG G JEL e A
TR BTV s, BT B H 2 R AT 8 3 v 6 0 R AT A S R, UE R 1 e i 1
VBN SVA f ik BERTHI ELRIE F7 0 ORT, KIEREE S IREERE v 0 AR A AE HL B, 1
BFHCKIE AL B PRSI ISR . JREAERRL (VLPs) JEmi{F N —Flugr A5
B, NEHBEYIR, ARAERESERIGE S, e KE. e E o ga, H
HA 5B s M R g i e, RS R Ry Mu S8R A% RE &
GRS SVA WINUFAK SR, RSN SUMO @& i A R iR R Gk
HA 7 His-SUMO filG &, 2Ei B KR RS RIZ SVA R K/ NATEAR AL
SVA VLPs o X S8 REAT S B S 98 Ros » SR A SN IR AR TR 240 i S B 3 B » % VILPs
B 1 AR A EA TR GUAR, R T IFN=y #0774, RHRfES KIS SVA
PEE AR RA Ko SR SERIE ] 1 1% VLPs BERI1EN SVA fiif e wi i) 2 4k

AT 2, HEAT BRI RL e -

14>, SVA B WA miln PR Bk . 26— ik BAT msg s dE s bR, T
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RS —RIE R by B AR 7 SVA Btk A REWSAE LM Zh ) & B # SVA
O PRAEIR « 28 — /e ST 5 % SVA G HISLIG Py . #5371 FMDV sEE 504
A TR g EL R g ML A S 2 S P D75 T (0 F SR A 13, (EANE T SVA . JeiiRiX
PIASHECRE AR I (2 3E SVA R ITT A

6 Rl THEAR

T B 2T ARG cDNA B B 7R 2 S [l 8% 27 R G Hh K B B2 i 7 o 7
4K cDNA JRGE e RERENS HEAT B 11 B sk IR 20 4 il e B ) HAT SRR PR R 7
WKL, JEHE RN ORI B SZAFNE, HREEH TR M E Y IR,
NG 4125 BT 7 B R S5 A R A, (HS G 3 2 RNA A RO 75 1 BT 9 8 5% (7R RNA
55, AN EAMREER GB'Y . wAKREEEMNM . GFP. mCherry %GHEHES%) LA
JiAE G354 A o) e B B (R T 2 25 B T S5 A RE DR () ve B B cDNA, H TR 1l
TERZEMER, KA ARG REERL, B AR T — = w5, Sf]nr
I F AN S ) RNA B 4% 5 Bam o i) 77 20742, AT BLAL CMV B SV40 387 F
IRt )T cDNA BRI 5N i EE 4K cDNA JER YL 7 % 5 & i) 73 7] LL7E DNA
AP B SRAR . AN R B ANETF B 7T RNA R EE R R R . RIE, EAK
RNA 755 515 2 AH BAE .

FLAE 1988 4F, Kaplan S5Ot g B2 P1 4544 8 1 4B X 1105 i A5 28 T B¢
(PV) 87, HixEHFRIEIEE ) KB m HY 3 5. e a6+
FE IE5E RNA 8 R R BN, WE i si A/ RNA N85S, FFH 2N H
THURTAED N IR REA RS TR . Xie FHRE TH
FhiZE RN (Zika virus, ZIKV) BIEHIT RG: —FORREX W 2R8I A RNA &
MG RMEE R MR TR VORI E S TR R, W H TR e
I3 25 B I 057 . FF Mclnerney 2544 2 () FMDV & |+ gm il A 5 & LB BB (CAT)
(FIF 51 e bt 55 GFP 2R (5 1 -MERe J Al & 85 11 (GFP-PAC) M) L &
BT 5, AR & A S e 655 1 FMDV S+, HEARER I §E 0
190, b, B b Ek 22 A 4 i B (R AT B O AR A A R 1 IR VE 9 8 (Bovine
viral diarrhea virus, BVDV) S, ALK T AN 8 B9 A 5 b m] B2 i A
JEGLPER BVDV 52 5 il 740k (Viral replicon particles, VRPs) , #EMfERhEL: )5 fE
47 RS Al CAAY L P TAR
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7 ABFHHKERX

SVA FRAIE 1 e BRIRAT LA R B B RIE L | ERINA TR, ™ E R 257
IR B SVA BORBLLASK, 2015 4EZ B CERE . JeE, AR, InEk.
B, EPUSRRAT, 2015 AN, FRIFR KRR, B4 SVA CfE+ [EE
L AT  BEE SVA FEE A 1 A%HR, HAE DA AR A RSk 2 8 A
$&78  SVA 1EE N ALRRIN R 28V UL ISR A SR, SVA AR K AR H
HI G E VIR E 1, Ik, AR IR A5 82207 VR x JL AR S A A 4% 3 3 52
BEAT AT I 73 AT, ANITTXT SVA IR ERIUATAT — 4> BE DN 4= T (1R

L Je R E AN RNA RHERITRAA E A, Aimas (o1 OO 28
IR R IR D THRAE 2 RO VI TIRE . JRIM, SVAL 8t A48 H A i JA b R4 EFE I
TEH M ANE2E, 2554/ RNA REENR R L AR EIN Thae, IXeqit
1t B I I ASHIE FE i) % 1 SVAL B A W B e BEDUAIE N L R B Dh et 7 iy -,
AU L R B A o B A B AR L, 9 SVA B9 TRrIE DL AL AT BIL AR TR
AW TR B S KT -
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FB—E ANEARREORELIT

A RIFENRIREE (SVA) S LB 5E (1058 e A PR /KT PR S AR o I A K e )
1A RIS 1 AN A B KRR AR LR ER, R DU S EAE T, a2
SVA B R 1) [ 50308 1™ B I 2 Bk, IF — e R B IR 1 IR B K e - B 2014
FLK, SVA O neh, CHE, mER, FEH, RE, MO, SRR
B AN RN AE RS TR K T B R P SR Ak - 2015 4 SVA FENRE LU, TERER T K
AR FRAT L, B B 4 T 32 1) SVA JE K IR o BRI 5% T SVA R4
HICERN], EEREREFIRAT I SVA Btk A B ZRER R 251, SVA 2T
ERRAATIIES, Lk, B, hERSEE ) SVA AU AR R ETHEY . BE
HAT, o CiE =3 SVA &1, FARI E R RS ok, HHBPL SRE SVA R
ARR, AIRER SVA kit f 2 o S BB AR AN [R50 7785 PR & A AL o

B ORI 1) SVA BRI B 50 R, T KB FEN SO A A DL KA T
TASEEAT 70 H, B SVA Btk — A MAEEZ 030 Hli T SVA Rifidk
KB ERAE, s BIRas RESLRE % . AT BB R TG AF KRR SVA
SN AT 2T H RGO b, AT SVA BUsEALRRIE, FHA KA SVA i)fE
& .

1 MRS A

1.1 FFIIEHE

B 2021 4F 12 A, MWSEEEFAEYHASE B A0 (NCBD ) GenBank (4 2 T
BT 249 DB SVA RERA TS, HAMIE CDS F3EFH R REH P —4. 2
W SVA &ZENAFHIH) CDSs, FHfHE: T %6511 2 541 L 8 (MACSE)

ChRA 2.03) AT EExfHen 162]
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1.2 EHRHT

FIBFIL KA EM R KRB K EMhiTE, (F/H RDP4 (A 4.101) FRAFIS) (Fu4E
RDP. GENECONV. Chimera. MaxChi. BootScan. 3Seq 1 SiSca -LF L) FfiikiEfE
MEL SVA HERH . LSRR R NMEERAEEE (P<109 KFFRINE
RNEHTFH . AdE—PR0E RDP4 ZE 5, T R 27 (A 4.1.0) U] seqcombo
FEFPAL (ARAR 1.14.1) DSIERAT PR A AU 2 Pl o RSN 30 1) SVA EE 20 7 51 MBS 45
SBR, X4 ) AT LU, R IR bR RO B S, EELEARES
far Ak

1.3 RGERBEOHT

FIFH 1Q-TREE 34 (R4 1.6.12) ['661eb 1) ModelFinder 5l STk £ 4 £ 1) i
AT AR B U147 45 S A5 i (Bayesian information criterion, BIC) i%£#¢ GTR+F+I1+G4
R B RN R AERL ST . FIH MrBayes #K 44 (hiiAs 3.2.7a) USSIET d SVA &
[RIZH ) DL 3 #EIS7T (Bayesian inference, BI) REGIK B . 1817 1000 J5 IR 5 /R AT K4k

(Markov Chain, MCOIEAR, & 1000 X417 —IRSECRFE, B/K ﬂ?ﬁ&%ﬁ%%( Markov
chain Monte Carlo, MCMC) FEARIHT 25%1FE4 burn-in # %57 Iy B RS
% (Average Standard Deviation of Split Frequencies, ASDSF<0.001) [RIGHE U1 i
HEWTR TSI . AR Tracer #MF (RRAS 1.7.1) DOIRAS I R 46 MCMC #1728 DA
N MC Rt . AR PRI AE IS4k K 1 (Potential Scale Reduction Factor, PSRF) ($%
T 1) FEMFEARE (Effective Sample Sizes, ESS)  (ESS>200) KAl = Hsk
PE.

1.4 Bt

s KEARSRE, #id MEGA (A 11) WU EPRAS 73 32 8] 1 ont it 4% iR

2o KM 1000 X bootstrap HZSVEAGH T 2, FHRM N340 (shape parameter=1) 15
RUBADAT A RE AR 2R AR A . XA ¢ K056, @it DIVEIN B A2 AN 43
X AL P A 2 RV IME 22 . A PhyloPart 5fF (RRA 2.1) DRI R R4 0%
B 5 RITVENT SVA 43 3CEAT 43 W7 - 1E PhyloPart 4347, T8I B 70 Bk 55 2% 2 25 43 Aii
T 5 BRE TG Bl R € B B 0 BB 4B MR8 bootstrap 77 S L FFHR (>90%) Al fF:

20



B—& A TUIEN R T

MIE T RME (49.6%) FIARAER: RGUK B M5 A%

f# ] DnaSP (FA 6.12.03) WERRHIG TR (Ksp) « BRGLTHR (2) R4l
Giik s (Snn) EBAL ML SECRIIE SVA 75 BREF ol . fTH Arlequin #4F
(A 3.5.2.2) UBIEE4T 40 F 77 Z 4381 (Analysis Of Molecular Variance, AMOVA) K
i TP R R SVA 43 SR A AL DTk, FFEEAT 10000 PCHEF R VP AL & Fh 8 3= 11 53
Y. FIH Arlequin B4 (A 3.5.2. 2 UPBRAG BT For FIIBALEE R, JFiELE 24T 10000
UCHEF KA 36 5 AR N SO B i 22 o AU R For 3 B ODR P4 48t
P RERE : 0<F57<0.05, 32 FE ks 0.05<Fs<0.15, HEE/r4k; 0.15<Fs<0.25, &5
s Fsr>0.25, & 010,

L5 RRHEERMT

HAEME TP SRR A AR B K. Shannon B #% FH KT & SVA #:4k
B b LB E AP FIAR R, Forh ek S S s AR e . S
K P HENAL J77E (Monte Carlo randomization method) (5 out of 100; fF7E&#)
Bonferroni 1 IEVENTRPPAL PRAN 43 3 2 [N S L FR AL B K5 22 e I G vk i

1.6 EFEE S0

{8 F HyPhy (A 2.5.31) U7l BUSTED! V656 SVA Ji PRI 4H () 3 s iy p5 1 75
2R IE R 2R . ] HyPhy (RRAS 2.5.31) ) RELAXUSON43 S 1A 4 3%
[ E £ 22 A7 0. f8TH HyPhy (RRAS 2.5.31) R PUFCA R RE i A7 s 7325, BT
AR ST 802 (SLAC) DS g N ABMARYE (FEL) U8 HRugi e £ o Dl i
Ll (FUBAR) U'SUFIE & R #EAL AR (MEME) S35 SVA JiE R 20 o () 1E % 37
%o SLAC. FEL fil MEME 1 P {/NF 0.1 (P<0.1) 675, LLM FUBAR 5 5%
FRT 0.9 WAL SN HA Gt = IR £ 1.

1.7 ALBI A1 HT

A 1Q-TREE # 1t (AAS 1.6.12) 196151 ) ModelFinder!! 75 e i 5 55 & 1% 1 R &
PRATETRY | G I AR SRAE RS A SR A (path sampling and stepping-stone sampling, PS/SS)
J7iEE R SVA BB EN BT A B A2 0 TR A% T BB T AT AR
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RFEAAXTHOEZS 7> oA FOPIH AN DR (fE e PR . FR B, DUn M
SkyGrid A1 DU Skyline) o i F i RS T LA o7 A AL A A AR AR (1) 28 45 o it
BEAST %t (RRAS 1.10.4) USUELEL SVA ¥ 5l JEAH IS [B] (TMRCA) FIAL H R & #e 2R
S BREAT FARIRASLI 5 AZIK MCMC KAE, 5 50000 555 S E0AR 4T — CRFE . 14
BEAGLE (JiiA 3.1.0) MOEFRFHEm i A . ] Tracer (A 1.7.1) DONE(EZ
skt RBEKR burn-in F N 10%, ESS>200 HKiFAESH st . 18 Tracer

(A 1.7.1) IRBUSF A2 T8 R A TMRCA. ] BEAST (FiA 2.6.6) U871
LogCombiner (WA 2.6.6) KA B AW U147 & FF. {1 TreeAnnotator (hitAs
1.10.4) USSUMBEASFEACR 7 i3 HY 552 K AT {5 298 (maximum clade credibility, MCC) ##,
FHRFHT 10%HIFEARAE N burn-in & 5. ] FigTree B /F (WA 1.4.4) U¥I% MCC #
BEAT ATRLAL -

1.8 REHFEZ4HT

fd ] BEAST #fF (FRA 2.6.6) U8 MASCOT #A:0L (A 2.1.2) DO03k4T %
Gt BEAHEIRT . MASCOT J77%7% FEAN [R] V. Ah A FASE (][] Bsf 2 28 R A DA vy 2 ) e 1)
TR R HE RS FE 001, gbAl, FIF MASCOT #AF AU SIERE R A5 SO RN Y
BRSSO E . SR UCLN 2 7o AR GTR+F+HI+G4 1% R B J s B (AR R 20 & 4y
ML R AU B R4 . AT = IRISL ) MASCOT 738, BRIR 2 ACIREA, B 2 5 IRIEAKT
SRR AT — VCRAE . M Tracer A4 (MA 1.7.1) WORG A SIS, BFEK
T 10%7E N burn-in # E 7. {1 LogCombiner #A4 (AR 2.6.6) USTI% Firdg i S
BEAT A7) o {f ] TreeAnnotator BXFF (AR 1.10.4) USSIUREANFEARY i ik H MCC B,
KT 10%REAREE A burn-in 478, ] FigTree 8 (MRA 1.4.4) UI%f MCC
BEAT AL . Ak, FIA TreeAnnotator F A (FRAS 1.10.4) USSR 1) 5 46 2 5 45
PSR S AR G355 (Root State Posterior Probabilities, RSPP) . KA &
BENLAL 2 BT UPAk AR 1T s HEMT A B R e S, BEMLAMEL 20 MRS, HA A BARSER
P B AS #e . 0 Bk AP ER, A8 DL R G i 3 207 VR R A R 34T 1 A

1.9 BRI

K H 5 ONeill ZEOUZRBL) J7 724k 5 SVA BERS A T 4R 20 . 7E Python ZmFEHESE
MR Z A% (Environment for Tree Exploration, ETE) (A 3.1.2) U92IR,  fii ] HIAC
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(193] https://github.com/admiralenola/globall4scripts )AL ¥ MASCOT 43 #T 4= il 1 MCC #4 o
CAYE Bh & 1107 =0 i TR A 10 B AE 4 MAFEREE (B, sk, LA E)
XN HEA R B

2 4R

2.1 EHMT

— 3L M GenBank 4 N3 T 249 A~ SVA SeEEERIA, HA 11 NMEAMEFE R
15751 (CDS) 1) SVA Bk A 17 H 51 B - {84 RDP4 %X {4+ 1] RDP. GENECONV.,
Chimera. MaxChi. BootScan. 3Seq Fl1 SiSca L& IEX HIRLEF HIFTH SVA 741t
ITHEARN, BEHSHTER, 5 % SVA Bk (GD04/2017. HeNKF-1/2018. HeNNY-
1/2018. CH-GDMZ-2019 1 SVA/CHN/10/2017) #% 2 NE M T k. B EHFERHE
AL ST ELEA 7 Bk, XLy BRI 2 HABE SR ATE R IR . AU AR
RS AR (RDP4) /IS5 RAHE (& 1-1) . GD04/2017 (MH316113)
HHAFRAIEATTHR N SVA/CHN/07/2017 (MG765556)  HB-CH-2016 (KX377924)
M CH-LX-01-2016 (KX751945) , 1/ 1-1A; HeNKF-1/2018 (MK357117) HEH &k
(K35 A 75k N HeNZMD-1/2018 (MK357115) 1 CH-GDSG-2018-1 (MN781982) , [
/& 1-1B; CH-GDMZ-2019( MN887249) 5 4 B R [ 5% A FE ik GD-S3/2018(MK802891)
A1 GX04/2020 (MW117127) , #iF 1-1C; HeNNY-1/2018 (MK357116) H RIS
AFHR N HeNZMD-1/2018 (MK357115) A1 HN02-2017 (MH064434) , i 1-1D;
SVA/CHN/10/2017 (MG765559) HEAFMIISEATIK N GD01/2017 (MH316114) Al
SVA/CHN/11/2017 (MG765560) , i/ 1-1E. fHASERKZE, A% E R SVA &
L RERRIS 2 N [ 23 B R, AR A R B s bk A A B A R bk . R E A
BERUG, SLOREE 233 > SVA ST AIEAT R4, BRAHE. EE. mELR.
ELF. ZRE . BHE LA RS 2 85 1 EE R T 41

22 RGREAN

2.2.1 MR (BD 447
T 233 ¥k SVA LK 7 1), MR8 DU S B AR HEILE R GTR+FH+G4 1%
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FR B AR R N R AR AR 3T R A MrBayes BRPERIEE SVA I R 2H 1) DL - By b
(BD RGKRER (K 1-2) o VU-EiHERT /> s 7PN EORANE GRS (5
REZ>0.99) [143 32, 43 BI5E A4S SCIAL. 43 3C1H 1988 4E 4 2006 4 M 25 [E S 811 19
PREFVRZL S, T4 SCITEH 2007 4F LLJE -BANE SRR (19 3 BS R 2L A . 43 SR 43 ST
B L IR B4 0.0713 £0.00300 BUFEA ¢ fr g 45 R BIR, 43 KI5 SCU 791 2 FE A7
EREWZR (ZRK P=0.00188; THH: P=0.009514) , F B2 TR A7 1E = B 1)
WAL EAFERRZ, BRI 2007 4 ARTREEE (332D v R iE R I
R AIEAREEIR , 11T SVA SR BFIZK R T 2007 44 &I -
A,

Sequence similarities compare to MH316113

. 1.000
=
;gzg — KXaTT924
E 0.925 — KXT751945
E — MGTE5556
o 0.900

0 2000 4000 6000
Mucleotide Position
B.
Sequence similarities compare to MK357117

. 1.00

£

zoee — MK357115

(]

E 0.96 = MNTE1982
wn

o 2000 4000 6000
Mucleotide Position

C.
Saquence similarities compare o MNBET249
~.1.00
£ .08
E 0.96 — MKBDZ2891
% 004 — MWI17127
" 092
1] 2000 4000 @000
Mucleotide Positicn
D
Sequence similarities compare to MK357118
~.1.00
3
z 08 — MHDB4434
£ 0.96 — MK357115
“ b.oa
0 2000 4000 6000
MNuclectide Position
E.
Sequence similarities compare to MGTE5559
_.1.00
£
g0 — MGTE5560
.*—E‘u_gﬁ — MH316114
“ 0.94

0 2000 4000 BO0D0
Muclaatde Pasition

K 1-1 SVA F& [KI 20 1) 55 2H 40 Bt

Fig.1-1 Recombination analysis of the SVA genome
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Clades

[] Clade1

E] Clade IT

4.0

1-2 SVA FERIZH 1) UL -2 4 Wi i

Fig.1-2 Bayesian inference tree of the SVA genome

2.2.2 R MR ERE AR K& Shannon AL S

Bt — 250t SVA 73 3L ST AR 2 e, #2730 SCUM 7 SCI P R4 5E ) 544 A
B R MR B, b, 31t 46 A, 7SI 498 AN N T B B A
FRIERE, X SVA JF A HLx A2 LR AL B 1Y) Shannon 31T 7 43 #T. Shannon /i
bR, SHAWEAMEL, SVA FHIH VP3. VPL. 2B. 2C. 3A. 3C 1 RdRp FEH
AR S S Z (B 1-3A) o BRANERIL, 2 SR AN AS [ R R R A7 25 1L
AANFREE A SN (- 1-3B A1 1-3C) » SVA ZREAFILEEH 77 ANES SIS
XA EA B3 % 5% Shannon i Z IR A fl. Hr, 403XTH 374, 4 3H 40 /.
2% 5%, SVA FEFFRER (VPL. VP2 fl1 VP3) &4 29 MERA A (K 1-3D) , £
WA 43 SCUR 93 SCILIR] B B0 SR AR A7 S5 22 57 o b vh, LAt 22 97 s 2 40 A1 72 RdRp (11
ANy 3A (104 5, 2C (94 , 3C (T4 , 2B (54 EAL, RHFHASLH
XS S BEAIE TE T AEAN A . A2, Shannon 570 45 SRR, 20 SIS AT
JEER EF T REEE 7 FRHE R A e 2 e (B 1-3)
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Fig.1-3 Protein sequence variability of SVA strains
A FREFTR, A SVA FH (A) 4830 (B) R4S (C) Huxt iR RN BRI
Shannon #§{f; D. 43 IR 3215 1) 2 [8]f¥) Shannon % %
Bars show Shannon entropy values for each amino acid in the comparison of all SVA sequences (A),

branch I (B), and branch II (C); D. Shannon entropy difference between branch I and branch II sequences.

2.3 LS

K BUSTED £z %6 SVA & R 2H 1 45 S B , ALK B 36 ) 45 SR AR 55 2% (P<0.01D),
F U SVA Jik [RI 20 1) B e Ay 5 52 3] 1F 7] 2 AR AL B35 1452 o 48 Hyphy 30 (1 RELAX
ST SVA WA SRR AR, 53X, 7 SCIiE £k 780N (K=0.87;
P=0.0074) . FUSAMH TS (SLAC) FIf m BNAUSR (FEL) 43Hr K3, SVA K4
KENT ST 73R . MRHE SLAC. FEL. PUETCZ K Ik fel (FUBAR) FliEfb i
SRR (MEME) 45 R 5 oR, SVA SEIEAE 27 DNIEIRFAL S, DA L.
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3A 1 3B ZEFISMAEEAS SVA JEFIH . 27 AN EEBFEAL s, 0 5F 10 ASF 17 ALz
TaEBRERMARS E B ER b, Hdr, R8I AGE RdRp (f751 54, 141, 241,
243, 369, 400 F1442) . VP1 ({78 62, 63, 93, 97 F1194) | 3C (fiifi 16, 20, 56,
68 F1 115) « 2C (fi7 /5 132, 153 F1270) « VP4 (fish 5 A7) « VP2 (5 156 I
277) « VP3 (S5 41) « 2A (i 4) F12B (fifi3) &AL (R1-D . B2, i&
PR 10 M 4 R 380, B A i #63L (W] 3k 5 SVA AL «

# 1-1 SVA 2 BE A IE [ IR FRA07 UE &5

Table 1-1 Summary of positive selection sites in SVA polyprotein

ZREAN A ESLVAS HE AR 73 1 ik 433 T R
(Polyprotein site)  (Protein Site) (Protein name) (Clade I residues) (Clade II residues)

84 5 VP4 T F/T

86 7 VP4 S L/S

306 156 VP2 K/N K/N/S
427 277 VP2 M/T K/M/R/T
475 41 VP3 I /v/X
735 62 VP1 K/L/Q A/E/K/Q/T/IV
736 63 VP1 E A/E/T
766 93 VP1 AV AV
770 97 VP1 G A/D/G
867 194 VP1 A/R R

941 4 2A I /v/X
949 3 2B S F/S/T
1206 132 2C A A/L
1227 153 2C L/S/X F/L
1344 270 2C /L I

1524 16 3C v v
1528 20 3C I H/I
1564 56 3C T A/l/T
1576 68 3C D D/T
1623 115 3C \Y% C/vV
1773 54 RdRp v A/M/V
1860 141 RdRp E/V /L/M/T/V
1960 241 RdRp F F/N
1962 243 RdRp S L/S
2088 369 RdRp \Y% AV
2119 400 RdRp L/S A/L/SIV

2161 442 RdRp A A/V
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2.4 BEWENSIFT

{8 TreeAnnotator 727 M FT A FEAM R i KATE B (MCC) ##, 4553
W 1-4 Fros . SVA JEPRIZH B MCC W $h 0 450 52 30 HS R i 23 SR A e BEAAR DD 52
FUBL 2B, A\ 1986 4F3 2017 4 SVA A SRS & R I H 42 5k 3 FL I 38 I i
s, BEESE TN (& 1-5) o Ak, A BEAST #fFH ) MCMC HEZEAH 5 SVA
(¥ B3 FEARLI[E] (TMRCA) FMZEFHIREEAER . (5510 SVA A BRI RNy
3.3522x10°3 I H L B AREHAL S84 (nucleotide substitutions/site/year) . SVATMRCA K
i THA R) AT 3 2 1986 45, 4 SCIAN4» I TMRCA 43514 1986 4EA1 2004 4.

Posterior probability
1

0.05

Clade Il

Clade |

1986 1988 1990 1992 1994 1996 1998 2000 2002 2004 2006 2008 2010 2012 2014 2016 2018 2020

Kl 1-4 SVA FREESELLR 237

Fig.1-4 Evolutionary tree analysis of SVA populations
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107

1.E-17

1.E-2

1990 2000 2010 2020
Time

1-5 SVA FER 3 A7 M

Fig.1-5 Historical scale analysis of SVA Group
2.5 BVELHT

f# ] BEAST #4H) MASCOT #A4-EL5%T 2015 4 LUK SVA 7EAN ) [H 5K 2 I8 {1 2% ]
TEHEAT 7 1% RHBEE 00T o RGBT MCC W BIRR 6 T L2 7, o3 ME 2 SR
Higm RS FRAZE[RSPP]=0.4811) , R PEEHA AT BE/Z 2015 LK SVA 1
ZRVE (B 1-6A F11-6B) o Hifhith, o E KA MF B RUS RR, HOGRERE. mEX
AETE, XL S5HMERME, FEK SVA Bt AT RS E 2. HEEE
[, H 2015 4ELISK, SVA HL R 2 I H IS KA FRY H X (B 1-6C) « InE&ER
FEAR R EORIE TV, EEBREZCRET B AINELR, E Sk E R T
MZEE . SVA IR BUERE, B 2015 LK, SVA BMEREA T, LU
MR RIFEA B FIHONSFAE, PR HERT N 2015 S LISRAE NS K. S8 EA A [ 43 5 H
AR ERUE . IBAh, X SVA BER [E] RS AT 70, G5 RERW], SVA fE3%
] SR R ) AL 5 S (B 17D . Bz, RS RR W], EPETE 2015
EIE I SVA DAL S 7 E R .
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A . 3
Countries
W Brazil
W Canada

USA: W China
W USA

Canada

Brazil

00 01 02 03 04 05 0.6
RSPP
C.

{

1-6 SVA 113 B =273 #r
Fig.1-6 Phylogeographic analysis of SVA
E: A FEHRESERMER: B SVA BRI RGP0 M C. & BA AR (
B AT E (Fk
A. Root state posterior probabilities for each country; B. Phylogeographic analyses of SVA strains; C.

Effective population sizes (circles) and migration rates (arrows) for each country

Al B.
8
—— Brazil to Canada
7.5] —— Within Canada
w6
é éis °
4 =
25
2
0.0
2005.0 2007.5 2010.0 20125 20150 2005.0 2007.5 2010.0 20125 2015.0
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C D
60
80 — Brazil to China — Brazil to USA
—— USA to China —— Canada to USA
g 60 —— Within China é 40. —— Within USA
= =
=40 =
20
20
° ol ==}
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Year Year

1-7 SVA Fifi s} [8] (R S 158 58

Fig.1-7 Migrations patterns of SVA through time
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3 e

A BFENREEE (SVA) T 2002 7L E B AL 78 BN K IIF 70 B k. 20 tH
LUK 21 WAW], A RE AR K KR RIE, (HEZ 2007 4 SVA A H IRBEHIA
NSRRI (098 S A . SVA 51 IRIAE /K R I R R ARFAE P R g 11 s
sk Bk RN AL . BUE 2014 45, NCBI HE FE A =28 SVA &
FEAFPH. 2014 K2 2015 F4], WPHRK 1 RMELR SVA 16, #rAfrE (1~
4 Hikg) KIEIET:, X EFAMFREGE R 7B WATHZIHE SR, SVA
7F 2014 SEFIFtOAEERE. KE. His. g BRR. AR S E R
2015 FEZ2 )5, SVA P BIAIKIRAT IS, AaREEftik. 20153 H, 7HRA
HE T E N SVA MRS KRR G, S IZE S Rk BRI, AR,
FL HON S TTREER G, BanA E I R A 1T SVA . T H, SVA A
7] 75 ok 2 [ 10 e PR 2 T AL [ A A OGO . (EASE 2, B I E IR SVA &1
TR UK BIAEZ /D CHIE T =K SVA FIRMIBIRAT . B 2021 4F 12 /1, NCBI %%
P 2R CAF A 249 #R5CHEN) SVA BB R AT F1. R SVA JZTE 20 R RN, HIL
VEANREACHRAE A+ 0G4, Rk, 500 B0 SVA JEAT 4 1 (19 18 A& S 4k 3 BT AT
AT T R AT RAT R S

ASHI FEE AT FH K O T R 3 R B4 I R 4 THT PR 43 A 7 V2K 72 SVA. (354
DAASTH T A SVA BIEBE AL AR # I . S5HARRERA L, /N RNA 8 % A B A
HEHRINE T s, HA /N RNA R IE & i bR AR A 1930, 2 Bt 5edi
8, A3 MINEE R E (1) SVA FEbk D) %55 1 AN 8 AN F AL Bl 2114 196 1970,
I ASHI L N A SVA SeBERE R 2 7 1 AT A /A R ORI T 5 AN E A5 bk, A4
HokEH A E. kA, MASCOT 70 #T 45 SR L], HE 1) SVA FHA B A i R B RO
UL, AHT SVA AR Bk 8] 35 R 2 =20 1) kA

FEAE, SVA R 4r N2 ANANE ) 255 3 981 R 5T R ) NCBI # e rp
AT SVA Fe8E R AL P HI0 b AT 17k BRI KRG R B WA . MR Dl
W R UK B IR, SVA R4 NP NSRS 8] HLSCHF BE R m 1 43 3, B3 321(2007
FERTII RO 43 32007 48 5 KD « 73 SCIAN 43 SCIR 8L ER 554 0.0713 +0.0030.
[FIF, GErtAaie I, J3 SCUR 73 SCUIRMAAE i JE HEAL A . 1E— 38708 SVA 153 3¢
TR SCIFIE AR 2 BRI R I, 43 SCUR1A: LR LA AR 544 NRF R ZIE R B AL (O
K146 > 43533201 498 ), H Shannon %t 77 MEEERA S . Eiks
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RRW], SVA AFAEMA B BT ZE R 70 3 20 SAM7r 3. BAR SVA R Z /it &
SIEBBEPALRE, HE S 2007 A4 RRIMES SVA MR AR, thah, Mo
SCIH SVA FE R HOHE I A R A 8 B I ARREAR , T 73 S SVA FE R A A8 I <
HH B AR 1 R I RCRE IR AR K e g 1199 2000, 2R B0l 2 SRR SR B8 22 1 S B IE HiE R B
SVA 1RA AT RELE 2007 T4 | —IRERHEF 040, TERC T — DB 3, IFT
YA

WAk, ISR SVA 32k £ AL AT 70 At I, SVA 28R 2 8 fr b T i £,
BAFAE 27 AN IEIGFRAL R 2 RR Y], IR Tk B3 [R5k 3N SVA 14k . SVA 1]
WAL 1o g AR, A R4 19 3 b 3 % 8 3.3522%107 nucleotide
substitutions/site/year , & & T H At Bt L Rk & M 2.696x107  nucleotide
substitutions/site/year?’!l,  SVA FI I HEAHE (824 1986 55, X5 2 HI A 7L 45 1R —2X,
HI SVA ZE/b A 1988 SR A7 /£ T A RE 202, 2007 4F 2 B £E 35 AR ) SVA 73 SC1#¢
PREFBRIRIA SN G, X AT A8 2 F 1L 56 FE B B WAL R AT 80, 10 SVA 73 SCUFEFR
SRR KPR F A W AT 2 2015 4L SVA AHIG /KR B K IRAT . 5
SVA BRYLIEsh—5, BEARDT SRR TR ], SVA B MBHAREAE 2017 FELART 2
DUBE RIS, IR, A SR TN BT BARERGE HT SVA HA
U LY, 2017 4E 5 SVA A 0B R K SURI T FEAR PT BB H TR BE A A 4
PG R, X PG ST T REEAE 2015 SR 2016 SEAE I FR K SVA AHIC/K IR J5 3k
151 534, AW EERE 7 2015 FELIK SVA ZIHAEL . KE . g R E 2
[P SRIE R AL . G5 KR W], H 2015 FLCK, ELPUATREE SVA FH /KA ) s B
Pt SR ERAEFRIR . B R RIX L [E X HW B R 2, SVA W] Re il 5275 e it A R Bl
BHR B 26k, TRt XHARE . TaDRk R FOAH ORI #5 53 B1 2 kAT 4 T ), KA B T
P SVA AH I /KSR )4 3R R A o I o 45 1 2 1] ) 57 5 el A 3 ==, AT LB
AR5 1 X B AL
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(1) SVA BEAHAHTEEH 5 PREHRGK, HI T E K.

(2) SVA AFAEMA IR ZE R 70 3C: 7331 (2007 SR 220D 733 (2007 4
ZJE) .

(3) SVA WIEZIEFEAL s /- HT B, IR BN Sk B [ 9k 3 SVA AL .

(4) SVA 4[4 )34k %l 3.3522%x107 nucleotide substitutions/site/year .

(5) SVA ] TMRCA }y 1986 4 (4 S IF43 SZ1If TMRCA 4351 1986 4EA1 2004
£ .

(6) SVA i R FE =3B, PEAE 2015 455 1) SVA REkfERH s /&=
TAEH.
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BB ABRENFRE L EERNEHHENIEEN R

A MFENKIHFE (Senecavirus A) J& T/ RNA JiEEEL, £ ZEN R EEE MK
. SVA 5| R HIAH I /KT I PR b5 171 5 928 5995 25 5 | JE PR PRAR L AR AU HL3E DA IX 4
PR, 5% 28 BRI = BON SVA AT X 73 %558 « Ma 28U SR B B 40 i dR AR |
2 MR R A BR P AE P SVA S REPUAR, BRI A PR 7 al T SVA
GBS I 155 41 ELISA . Yang ZFPOURIH = 2% W% (BED KiE[1) SVA Hii
Hl4% 7 B TE BEGUA, AMY AT T 3E 4 ELISA B A HEAT SVA $r 5 PE I I35 2246
M, EFHT SVA PR FIPE % E . A, Chen S5EPHI% T 41X SVA VP3 B 15
FLREPUAR (mAb 3E9) H4E T HPUREAL, FIERRAWI VP3 & E LS Wt
FERMEK TR, 2R, PoaBEhURER BRI 705 % w DR PER AL
SELTT AR RE T AL EEER, O WA 7RI AN AT sl sk 158 K T 5.
SVA J:RIZHKBEL)0H 7300 nt, FLmhd PN g54a & B A\ R4 EE . K, LIk
SHEARHRIDME—NEA, BEH 79 NMEER, UFEIE T/ RNA JEEEHRE 5
. HAT, SVA ZEEALAYH VP1. VP2, VP3 LI 3C & R 5 B v FEH A4 1) il
A RIENT 56204 BV T L AR EE TN, SVA L & E R w BEHUA 1 ) 4% I
FHRARIE. B4, L EEFHIE/DN RNA RS, fEERKRZER, HE5O00
RRIPRG R RRIE. L EAFHINERES R EETT B AR H 2 2R,
AR, MR E RN SRS L EOR—MEDRED, &F BT M RER/R
KB B2 PR RS, W T2 PO AN AR, IR R A A R
AL MRS, ARRE TN, SR, SVAL EAF ARG H MRS, B
A A A R IVE - M ANTE 2 - AT 9T B LERI & SVAL & A M B BEHURE NG )
TH, #—P8A L BEAEAKIIGE, A SVA 7 FHRHIEBIER NSZ 48 29 ¢ B4 .

1 5

1.1 &=tk

A REN R (GD05/2017) HASLE % 70 B R 1F; BHK-21 CEUE ) 41l
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ST-R (J&E2 A1) 4Hfie (JFN-o/B SZARGRE L) | SP2/0 CH BT 215 i A 526 2 (R 77
JRRZFIEHAR pGEX-6p-1 HIASLE B {R1F; SVA Ffk (GD02/2017) 14K cDNA &
etk w % FURL (pC3-SVA-GDO05) « SVA & il 7 i i (SVA-GDO05-Rep) - pCAGGS-3Flag-
SVA-3C. pEGFP-SVA-L. pCAGGS-3Flag-L F.% 3R 1A U1 o A S 36 5 04 2 OR AT 5
pCMV-ER-GFP (4 JFi) | pGolgi-mCherry (5 /R 3E44) . pLAMP1-mCherry G B4
pMito-mCherry (ZERiA) R H addgene 2 7]; KIgHFFB (Top10) LA BL21 (DE3)
JERSZ A5 2 P A8) Fh SR = ORAT B B AR R 4514475 SVA 3C. VP38 1 5 3 PR LA FH AR SR G
&AL 6~8 JHE K BALB/c /NR (SPF 2%) T H T30 K2 L B2t o

1.2 EEWG 5

T B SR LR 2-1,
% 2-1 W5 FeH4

Table 2-1 Reagents and Consumables

WA FERS vl

PrimeSTAR DNA % £/ Jb 3¢ Takara /A 7]
T4 DNA &1 Jb 5 Takara /A 7]
EcoR 1. Xhol. SaC1. SaC NNV Jb 3¢ Takara /A 7]
DNA 4 Fhrifk P R A

26614 & [ Maker. — T4 4 Maker R AR A TR ]
RNA-easy Isolation Reagent B R MERE A ]

IR SRAR R IR R A T
FRIAEEL. PCR 4fifl. R EIOAG & P 50 Omega A ]

Y ECL % R & WA EMRH AR AR
I IRGE AL o IRAS 84 5 R ERKE A
FRTHERW. RM%ER. IPTG B A b REEAH
YHfA% DAPT ek} EHEREAT

HIEE, ToK CBE WA 1] 24 4 A 4 350 BR A ]

PVDF J# Millipore /A ]
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FEHTAE biosharp 2 ]
PEG 8000 A TR TR A IR A W
RIPA. Western % IP 4l R B REVMBARARAF
HRP tRic i £/ 1gG Pifk ABclonal /7]
HRP i £ 41 % 1gG Pk ABclonal /]
Dylight 488 ##1c [ 1L =EHT/N R 1gG Pifhk Abbkine 2 &
Dylight 549 i B =EHi/N R 1gG Pk Abbkine /A 7]
GFP i Flag Ptk ABclonal 2 7]
J2F1yE (FBS) Sigma 7 7]
Polyethylene Glycol 1500 (PEG1500) Sigma A ]
H4000 %% 417 Jepg BAEY) A A
DMEM #5758 K Gibco A ]
HAT (50x) . HT (50x) E53RIEARINF JEsIE B e A v
PO R B AN e X EEMHEARA R A

1.3 AR EE

1%BE IERR &R : FREL 0.3 g FIEIERER R BIN 30 mL ] 1xTAE ¥+, BCE B
B E A, FFHAEIE 60°CA A, M 1.5 uL EB R4k, RAJEFHE
SERTHR LA T RO mUEAR AR 58 Akt o BT A

S0XTAE ¥i: FREX 242 g Tris #1 K . 37.2 gNa,EDTA-2H,0 ¥y K% T 800 mL #81H#
KA, R 7R ARG N 57.1 mL BERR FRRIRA), o INZE K E AR Z 1L, BRI,

RAFHER (Amp) : IS g N E BRI KA EM T 40mL Z1B/KP, Nz
THKERZRE 50mL, £ 0.22 pm FLAJERE 8 R 5 5 725 R A7 T-20°C.

AR R (Kan) = FREX 2.5 g B2 R SR 20M R 78 70 W il T 40 mL Z& 1K,
K ERZR S0mL, £ 0.22 um FLAR TN IS JERR B 5 7 2R A7 T--20°C.

LB WifAR FedE: FREC10 g BREE IR R 10 g SALEN. 5 g BERRZ VAT 800
mL ZKF, ERSEREINZARKER S 1L, Saike R KEEE T =57

LB ARG 7R I 10 g FRER IR R 10 g &ALEN. 5 g BEEHZ HAIE T 800

;

&
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mL Z&WKH, SRR 15 g ek, MARKEAR 1L, @aREEKEG
AHIZE 60°CH A7, IR HUAE RIS EIMEICPIL P, F5e £ B T 4°CIRA7 %

2xYT AR TR dE: BRI 16 g JREE AR A . 10 g BEEHR ). 5 g AL T 800
mL Z&WAKY, fFRMEMEMAERKERR 1L, @aREEKEGE T ZERRA.

IPTG (100mM) : #FRHL 1.2 g IPTG ¥y R 7870 ¥l T 40 mL 248K 91, Inz&mKE
KA 50mL, £ 0.22 pm FLARIEE L JERR 7 5 70 3 O A7 T°-20°C.

1xPBS Z5: FRHEL 8 g NaCl. 1.42 g NapHPO4. 0.27 g KHoPOs. 0.2 g KCIE T
800 mL Z& /K, A psfRamaAMKERE 1L, BETEIRRMA.

IXTBST Z&i: FREX 8.8 g &ALEN, JOIA 20 mL 1 mol/L ) Tris-HCI (PHS8.0) %

W, FoVERRET 800 mL Z&1H/K, A 0.5 mL Tween-20 FRXIES) G INZIB/KER S
1L, BTHIRRMA

1xSDS-PAGE 2% : F*HX 18.8 g Glycine ¥ A& . 3.02 g Tris ¥y K. 1 g SDS ¥ KA
T 800mL Z&1RKH, fFAMBMEMARKESRE 1L, BT HIRRMA.

OB AR 1 g B iR RIE T 500 mL Z& 18K, RO iEiEE
I 250 mL 5 A EE, 100 mL OKFERR, 7RMRAIEMARAE RS 1L, B Rk
Y, BT =EIRRA.

O O B S0 mL BEER, 25 mL ZEEINN 300 mL &K, FEIRE
JEINZEMEKE AR A 500 mL, BT R ERM

5xSDS Loading Buffer: #}HL 4 g SDS ¥y K. 0.2g iRy #¥ K, A 10 mL Imol/L
i) Tris-HCL &, I 20 mL Hill, Fe0 e inzs K €52 40 mL, 735 ET
IR IRAF

Western blot 5 ENZZhi: FREL 5.8 g Tris ¥y K. 2.9 g Glycine #K. 0.37 g SDS
AR T 600 mL ZETH/KH, FF7a ik G INZE /K E 4% 800 mL, A 200 mL FHfEE
FHIRA, BT =REF.

4%Z P IEEW: PRI 4 ¢ ZRHEER R0 ET 100 mL PBS W+, BT
4°CLRAT o

4% BSA I : FREL 4 ¢ BSA By R 78 0% T 100 mL PBS ¥, 4 0.22 um fL
12 VBB I DERR TR J5 7 e R A7 T°-20°C.

0.2% Triton X-100 V&% : W¢HL 200 puL Triton X-100 1A 100 mL PBS &4, 784>
R EE T 4°CIRAF

15% SDS-PAGE 43 & fit: WiHX 2.5 mL 30% Acrylamide. 1.3 mL1.5 mol/L Tris-HCI
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(PHS.8) . 0.05 mL 10%3 B f#R%% . 0.05 mL 10% SDS. 1.1 mL #%{%7K. 0.02 mL TEMED
RE.
5% SDS-PAGE #k4&fg: WL 0.5 mL 30% Acrylamide. 0.38 mL 1 mol/L Tris-HCI
(PH6.8) . 0.03 mL 10%3d B f#R%% . 0.03 mL 10% SDS. 2.1 mL #%{%7K. 0.03 mL TEMED
RE.
5%t AR Wik B AR FRE 1 g BIE 9ky 7870 VAR T 20 mL TBST &, BLHII
fic
DMEM il 7755 H—48 DMEM K (1L A% AT 1 L Gl
KA, A 3.7 g NaHCO3, B RIRS) G A Mg I UERR R, 735 E T 4°CIRAE.
YHAE K : DMEM SRR 53 (4 10%FBS. 1% HER-HERIBAT) , 4°C
TRAF o
M4ERF R : DMEM J:AEs 953 (& 2% FBS. 1% 5 HR-HHERIESH) » 4°C
RAT -
Top10 J2 32 7 40 i i) 1) % -
(1) JELEFR: 44 Topl0 KIHAT 1 1 F0 LA 1% LLF R T 4-5 mL JEHiPER LB
WitkREFdEr, BT 37°C, 220 v/min MIFRAK T EH IR
(2) FEITRUF B IEIE 12 50 FILLEI3R T 80 mL /) LB ks FRdk, 37°C
BIKE R TR 2-3h, £7 OD {HiE#] 0.5-0.6 I}, BT VK LFE 15 min.
(3) BRI E A 2 SomL L B0 (B, 40mL/E) , AHEEOHL
4°C, 3000 rpm, 50> 10 min, BO45HRFEH .
(4) [AEFETTEF I 20 mL FiA ) 0.12 mol/L CaClL V&, & TUk ERRmET
BYEIRY (BB RREWT) , UK E##HE 30 min,
(5) AUEZELHL4°C, 3000 rpm, &0 10 min, F4 FiE, WORRR.
(6) BN 3.2 mL HiA 1) 0.12 mol/L CaClo 7§, 0.8 mL Fi¥A 1) 80% H M,
ARTIRAE %2 1.5 mL B EP & (100 uL/&) , B T-80°CLRAF&H

14 FEEMBE

F- EESLIR A AR B A WA 2-2,
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R 2-2 TN B

Table 2-2 Experimental instruments and equipment

DEAR S E VNGB N
VKA g IR Bt A PR 7]
VKL BN T T R A 1 AT R A
A BUH K RRA S AT BR 2 7]
B Ar 5% ¥ A A BR A )
S A PR SR R A A
PCR 1% 7 [E HE S A3 A 2SR 0 A BR A ]
2l 78 E Eppendorf
HL R g B AR PR A T
FEALKAX P 5 5 2 I RHER IR ]
ek 4 J[E Scientific Industries
FEACIR VKA HRHHEE R A IR A
TR KIBH 5 EF AT PR A 7]
R P AR A P 5L S RN 3R I A R )
FEARREFRAE R R A IR A
g TIES A ARG AR A AR i A PR )
GG BB AV EARAT IR A
Rl E SN J%[E WELCH

P R LA
TR DL
e i 28 VUK T
AR 1% (Glomax multi+)
I B VKA 7KP B

e a . CO2 fHILE IR AR
Bk RS A AN < Ak 2 R ABAX
5B e B . 38 5O s

XOLTHOCIE R EE Rl

TR IR R TR . K R A R B AL

5% Thermo Fisher
Gallop

G A A PR A 7

2%[H Promega /A ]

AL T E R 3 IR A
JIREEED R A BR 2
EHEREERHA R A

18 [H Leica A7
1l [ e AR 8% ]
AR AR
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1.5 EHEANEEZRE

1.5.1 SVAL FEHZEF P 18
45 SVAGDO05/2017 ##k (GenBank: MH316116) [IZERAFE5, #it L HER
I 8514, 4 EcoR 1. Xho TN YIEGYIEIAL s Fe S ARG BEE 73 i N b R 5|
Yo, Y L3RR RS EE N 237 bp, SIS S MER AR G (R 2-3) .
®23LEAY Y

Table 2-3 Primers for L protein amplification

ElEVELR S 5175 (530 SIKE (bp)
pGEX-SVA-L-F  CGCGAATTCATGCAGAACTCTCA 23
pGEX-SVA-L-R  CTCCTCGAGCTGTAGTTCATATAC 24

DU G T B BRL (pC3-SVA-GDO5) N9 HGAAR, 70 Al i 51 %) ddH.O0
LSS R BB BC A IR &R (S0 L), AR A JETIN PCR A AT 1, [ Bifk &
mr (k2-4) .

# 2-4 L BRI PCR RSk &

Table 2-4 PCR reaction system of the L gene

Hoy R (ul)
ddH,O 22
2xPrimerStar Mix 25
I (10 pMD 1
TUHESI (10 uMD 1
pC3-SVA-GDO05 (1ng/uL) 1

R : 98°C 3min; 98°C 10s, 55°C 10s, 72°C 10s, 33 AME¥E; 72°C 10 min.
1.5.2 PCR F=H) 05 44k
PCR #4585, B S pL 47 34 = W) AT A% R L Ik DS 384 = P ) e 1 o FRLDK
SIS P PRI AR R G EAT AR LS I DR A7 45 2R M H] PCR 44057 G0k 98 % PCR
TGt AT A, ERE RS, RASRIT .
(1) BFERH PCR § G~ 2B 1.5 mL EP B, I 4-6 f544RF 1) CP
Buffer, 7o/-RA1EHETIRE, WA BETR R A
(2 ¥ L3RV S =P AE CARBRUACERE ) v, 13000xg 50 1 min, FEAIER
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(3) /1 700 uL DNA Wash Buffer 22 W% A+ Je g b, 13000xg B5+0» 1 min, FFi
TE -

(4) EEBE (3) .

(5) FEHOH AR BONMCEE R H, 13000xg B0 2 min, [T ARAL .

(6) M FAEACNGHTY 1.5 mL EP &, 10 33 uL Elution Buffer 3% it i 22 W B A%
B AL , # B 3-5 min, 13000xg B50» 1 min, EP & F 42 2 (R BRI 4646 ) DNA,
SERIEEAT R — P BUORAT T-20°C & H
1.5.3 BY)A R B2tk

WA JE I L EEK v BONT pGEX-6P-1 #4473 A A H EcoR THI Xho 1FR il 1A% B
VIR ATEEY), 37°CEAF N IM. 4-6h, FEUIEARWT (R 2-5) -

* 2-5 L R HIBEU)1A &

Table 2-5 Enzyme cutting system of the L gene
Hoy AR (ul)
H2O 13

10xH Buffer 5

EcoR 1 1
Xho 1 1
L BB 7 B 30

WD) J5 B P D BEAT IR F K, K A RS A R IO R kAT I el i 4, R
(L U

(1) £ UV AT FRATRe V] T 528 & B i By, N 1.5mL i) EP &
HEATRRE, %8 100 mg:100 uL FELB] N XP2 Binding Buffer, Ji( & £l 60°CHI1H i 4>
JRA AT I, B AR AL, WRIEIR A G TR RS, WS BT R R

(2) F R IR G 2R A (ORISR D 1, 13000xg B0 1 min, FiE4aL)E
W

(3) /in 300 uL XP2 Binding Buffer 2 fi A Je sk, 13000xg &0 1 min,
PR o

(4) J11 700 uL SPW Wash Buffer &= W # A1 ey 4k, 13000xg &0 1 min, Fi
PRV -

(5) EELE (4) .
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(6) FHHEW AR NS F1, 13000xg 550 2 min, BRRF AWM.

(7) B ARG 1.5 mL EP 477, i1 25-30 pL Elution Buffer 3% M 7% 22 M
FEr gLy EAL, BB 3-5 min, 13000xg &0 1 min, [FUCH] PCR P40 H 40 Y6 e R it
MEAWEE, SERIEAT N — PR AE T-20°C& H .

1.5.4 EBMEEFYHEWL

BEDIAEALIE I L 25 R BE . pGEX-6P-1 #4K7E T4 DNA EEBEI/EH T, 4°Cid
R, EEERMT (K 2-6) -

* 2-6 HEIAAER

Table 2-6 Connection system

Hay PRFR (ul)
L R B 6.5
pGEX-6P-1 # 4k 2
T4 DNA JEH21 0.5
10xT4 DNA Ligase 1

W BB N Topl0 BAZAMMEH, ARSI

(1) M-80°CHEMIGIRVKABEL th Top10 B2 A4 E T-UK Bk, RibJEIIA 5 uL
EEE, BRBRMITIRS, UK E 30 min.

(2) FAED 42°CE BB HHNEL 1.5 min, B85 SLEIUK E#5 8 3-5 min.

(3) I 900 pL AEHUER LB ik 772, BT 37°CIHIEREIR 160 t/min £
R 7% 45 min.

(4) 5000 rpm &0 3 min, TR LAEG IR 800 uL LiF R FR3E,

(5) [FHBMRARRREVITHREIUEHATES, RrRAE, BAaME RN
AREFPNER) LB BAR TR, 3 F IR AT BRI B SR

(6) FHRATA BN LB [EAREFRILE T 37°C CO2 Br F-AH i HE 77 12-16 ho
1.5.5 EARNKRRS EE

MEEFRIF ) LB AR TR AP A% E T 4 mLLB #5323 (B A2
IR, 37°CIEIEFEIR 220 r/min B R 12-16 ho fd Uk R BOR I & HEAT FOR 4R
B, BARPIRMT:

(1) BB IR 4 mL B W% 2 2 mLEP &1, 12000 rpm 250 1 min, 345 115,
SO B
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(2) I 250 pL Solution TZ 0B PTVEH, 7853 e {3 1 4 78 4> F & .

(3) I 250 pL Solution 1T, Z&4% A1) L NEUE 7-8 ¥k, 2-5min P 58I TR .

(4) JA 350 pL Solution I, ZZ{&FANN) ETFEIE 7-8 %k, BEHINKEAOR
IRYTHE, 12000 rpm 250> 10 min.

(5) BOEwR)E, ¥ LIS EW G, WIS T RSE .

(6) N 500 uL HBC Buffer =W ffH A% b e i Ak

(7) M 700 uL DNA Wash Buffer W i o g i Ak

(8) EELI () .

(9) AW PAE T E MRS 5 12000 rpm &0 2 min, FRISIR BB

(10D KW PR 23 1.5 mL EP B o, JTa5## & 3 min, [ W BRAT: o e s sk
i 60 pL Elution Buffer, ##& 5 min.

(11) 12000 rpm &0 1 min, WCEESEEURBORL, A8 20 OGRS THI & BURIR B,
PRCTER, B -20°CIRAF% H

HAFRII ST (L BFER Y 51 T PCR %7€, JHH EcoR T
Xho TIRHIPERZER N VIBEEATEED) S 2, SR FUK)S R BRGAX E F S e 45 5 .
1.5.6 EHEHRETRE
P45 IEHR I pGEX-SVA-L FHYE R #4402 BL21(DE3)E Az 540, % IPTG

FRHEARARKIE, BAPRIT:

(1) BU1 pL BHMEFURLE: 4L 2 BL21(DE3) &2 A4, EAA#IESIE 1,54,

) PRI PHVE R VAR AN T 4 mL & A 2 S Bk LB iR 7%, BT 37°C
fEIRFEIR 220 r/min fZ %598 12-16 h.

(3) WEEFRUF B IIZ 1:50-1:100 FIELBIFERNT 250 mL A2 FPiPER 2xYT
WAREE TR AT, BT 37°CIEIRRE IR 220 r/min fE %1% 2 ho

(4) £ ODeoo [HIEF 0.6 LA, % 1:500 I LLBIAIN IPTG, BT 37°CIHIRIEIK
220 r/min 448555 8-10 h

(5) FHEEFRUF W22 S0mL FO0E (6 8, 40mL/E) H, 4°C, 5000xg &
> 5 min, Fi EiF.

(6) [FEFE I 30 mL JoHE PBS 2K, 7s-imieiR2 G, 4°C, 5000xg &0
Smin, FpELE, EEWIRK, REBMETEIEETE—ADEOLES,

(7 K08 B TK EHHTEANE, RERTN: 25Hz, T1E3s, [MEK2s,
FREE 15 min, B RVEMERE 2E RS
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(8) HX 100 uL WAL 0 BEWRAE o0 R, Jo) B 4°C, 12000%g BS540 5 min,
o AU _EIEFITTTE .

(9) K BE 4P SVA-L EHBE AWM AR LiE. JUE2 BN 5xLoading Buffer,
WIERR RS, BT 100°CE R 10 min, {H8H 2L M.

(10) BUbEHIS G EAFSEITEAEERK, ZORErEEEEAR
GO, FIRFE A ERAE T-20°C,

1.5.7 EHERHNANEEE

XS H R E AT E O E AR, K HNEE 2SIk T SDS-PAGE
DI atitl, BRI

(1) BEhl] 15%53 B 45 mL, S%IR4E K 20 mL, P34 0N R 78 2 B H ik 1l e
BRI CANSEAET) T 2 AU FH Z8 PR K AR, A FL e A 5 (s A

(2) FEHFRATIK, HBBIKAG [FHEIKAE AN SDS-PAGE HLIKZZ MK,
[V 458 P HR S N ) 4 G B B PR, 120 VB R EAT FRLVK, T R VR I i s ) 2 ARG
e

(3) HIKEHE, BOHEIR, V1T 75 BT K 0.25 M KCL 44 5
min, HAEIEEBEZETIR.

(4) R4 E 40 8 1 ) RS LR HI T B R B AR AL E, VTN SR BEAW
SN E A /D& PBS WL, K HA i R @A, B 4 mL
PBS i, HITH M,

(5) KA ERMENTRE TEOBEKEES, HE 120 V Ik 2 h, HIKER
G, FEEBURBEY, CREENETE PBS R (SHHEMERD .

(6) FHBENTLEMNEA PBS VR ALt B AWML F) H, FedhE T Husm
UKIIEEARAE T, FERG I BRES 001E F T T Sh s P4, /N BE 40—k PBS ¥,
L 3-4 R

(7) KBTS CE THHER PEG 8000 #3 A H b AT & (R4, HERAKREETH
1 pg/mL 240, H 1.5mL 1 EP & #470%%, {#1FT-80°C,

(8) BB 4 i ARSI 5xLoading Buffer, 4:J@¥8 100°CZE % 10 min,
Bt J DL Al Ak 1 1) 8 I RE SR D BREAT SR T LK, B S R iR Qe DA R Al A AL
R
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1.6 MRAEE

LR 2-7 s ie iy, R EAFEAPUREM T 3 K 6~8 ik f) BALB/c /)
SR o S =R RN 10 KJExF 3 RN REATIRIER Bk AR L, BT 4°CE ALy
BT . R EIE 90%[) ST-R 4HAE-F R SVA JkaE, 73 hl BUREE I /N RIS 1F Ny —
Pl BEAT IR e vk s DU I/ BRI /2 5 & SVA L 8 H i L& iRy
SRR o 2 G BRI AR B I 1) /N SREEAT fo i I b o e, 3 H R BEAT 2 ST AR M 15
5.

%27 NRGIEFET

Table 2-7 Immunization program of mice

GEREL B[] G G e ) i G 3
B IR 1R b IR e 4 e 7 100 pg/ R HEE N2 LSS
IR %14 K I AN 58 Ak 71 50 pg/ A i YeEs )
=IRGeE %28 K Ih A58 e 50 pg/ A JI s 5T
M ek %50 K y 100 pg/H J R S

1.7 ZBMfR A5 I v

1.7.1 EEER MBS

W —3CVRA7T-80°CH SP2/0 4RI HEAT 575, BEBALARES 77« € ORI IR A
20 R ILENE N . KNS IEMTE SRS BAL T XA KSR, mT A T T4
Ffh &5 . F DMEM Atk 77 560% SP2/0 4HAE &, UREER] 50 mL L &0,
FEET 37°CHMpEE A& .
1.7.2 TRIFR4H i FREREL

H— R R & G i BALB/c /NRIFATIBALIE, BEJGHFORIMLT 75% 00k
TR . Smin J5, EETEB/NRE T A SAERESIRHRR b, FEEE /R
VYRR 2 . T ARBIWEE I R 20/ IN O BYFE R He, 2 B W IR IR ORIE I B e 8 .
B F 10 mL 359 23 5 mL ) DMEM JERERE 78365 N /NI Y, 040 52 sh A i s
EVEANf (FFE4IMD) 7o EET DMEM H . 5ok & A M40 DMEM 18 &)
W 2 15 mL G S0, R E T 37°CAl s R & M
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1.7.3 /)N KB40 B X 3R
i 3 RIG N BALB/c /N SREEATHRAE SR M J i 4E i i 46 F - B8 J5 K/ Bt
AT RAALTE, BT 75%K034S T 55 5 min, J5 B E TAEW 22 R E G Ik b,
S FARB 2R E R T AT NRIER, ST B TI5F RIS BT 7 %
(3 B8 Ok B T TR C B Al B s R b o K R A i gs a1 2. R i 4B+
$ 31 H DMEM X AT e 5688 22 5y — MR . I TE & ) DMEM O #7 I
MR, RS AR SR BRI FL S 2 /L, BT 50 mL B0 BT I A RGRE R,
TG SR SE R T R AT A A BRI i DMEMD 8 JBLAH i 78 2 R R TS
Sk, BELEMF LI E OB PR . 525 H DMEM s g i i i am i 2o, & T 37°C
IR H
1.7.4 fERE
B/ SP2/0 B i 6 4 RN L2 AT 2 T 380, K5 SP2/0 4 i FT B2 2 JE 1:5-
1:10 WELBIEA T 50 mL B & 08 H. TR AJE, 1000 rpm &0 10 min, FdE 1
H, BRITEOERAEMARITES S M RAER . HEOEE THA 37°Ch
IR A, ) B OV TR B A M TE B NN 37°C A PEG1500 (1 min A 5¢
B, HARANME Hh S Bl B0 PEG1500 S fTie 7e o Hefih . dkaliiei B0,
fESe R, ZR I 1 mL DMEM (1 min W58 , &M 2 mL DMEM
(1 min W5ER) , ZFHMA 6 mLDMEM (2 min W58 - o, ¥ 1 DMEM 4
M B AARFAN A 20 mL, FFCE T 37°CANARES 7248 10 min. Bl f5 B 25008 1000 rpm
B0 Smin, FPE LI, W05 mLHAT BiFRdE R B B4, AR5 12 mL 5741
HOER, FEAMIN HAT £5 373 8ARUN 72 mL. 78RS E B R & G R 4n ikl T 3
A 24 FLESFRIH, 1 mL/AL, JRET 37°CAMRE AT G gk aR. B35 Ka, W
AN ARSI E EANE, 557 10 KRG, FERFREEIFE#y HT B IR iR gh 2L R5 77
1.7.5 PR 2% 32900 A M ik 0 9 2 5 S v e
RE 12 RIS, 4HM 5 7R AR A AL S W 100 pl 2238 40 o i 7% B i AR v — i,
Dylight 488 Fric )il =EHi/ MR 1gG fE A =dL, [FIN 735l E SP2/0 4Hfss 5% Fig A
oL BH A IR A DA [T B A 6 B, AT TFA R o W05 i 5% D' o B2 v 1) 2% A8 IR 2 Mt 7L »
AT e, RAPIRUT .
(1) FEFAMEMRANREFRIE, H I mLHT 85305 E 2, B 10 uL 41
BOEAT AN T EL
(2) HL 100 MNAAS M4 N E] 12 mL HT 859758 (AR F, BEL
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SR TERE] 96 FLAREE IR, 100 pL/fL, JUE T 37°CHIRE R T R IR . LN
AR B PHPE S ST A HEAT I R %, RAF A

(3) WIakE S 7 RIFATANE, 28 10-12 JKHEAT IFA KD, K B FL N 1) 2%
ASTRANM AT 5 IR . IR SERE S, XS 3 Y B S B B R A AR AR AT
RIEFFRIFRAT RAF 500

1.8 BT FEHTAAREAK B %

HEHL 2 RA#EER BALB/c /MR, BERSVESS 0.5 mL iMCAEE. 1 )5, H 200 pL
DMEM & 10° AN R38R 5 2/ RS N o B K8 SO/ N RIEIRES, B E
FEA I AR, FH A ath K 2250 H, 5000 rpm 5.0 10 min, YKEERE/K
EIE S RAF T -20°CH H

1.9 BITREDA A LR E

1.9.1 [AIEE G R St
¥ ST-R T 96 FLAUMuBE IRt FrfLIN4RMIES BEIA 3] 80% /LA, 1%
MOI=0.01 ¥ SVA GD05/2017 ik T-4uMuss e, LLAEETE K40 MAL A D Bt %
M, CE T 37°CHEMIIEFRAAI E 2h, FEEREFREE, IMAEH 2% FBS (140 4ERF i 4k
BiRE TR frfLINZ) 50% 4B H IR AR, 3EAT TFA faill, FAADERIT .
(1) FFfREFRE, F PBS G iE e 2 IR,
(2) . LI 100 pL 4%% 5 FREARE SRz, FEdRms,
ZIRWFE 15 min, J50 PBS iEIETE 2 (K.
(3) FTFLE: IIALL 1:1 ERFITR A 0.1% Triton X-100 A1 2% BSA & RE4TH
FLEA, =EPFE 30 min, J5 1 PBS EWEHEYE 2 Ko
(4) WEH—Pu: FHHERIEKLL 1:1000 9 HEBEATRRE, IIANZIHRARH, Hik
B SVA 3C By E M4 FLIE IR IR, 4°CIRE I, J5 N PBS W HIE ¥ 3 K.
(5) EE —Pi: 4 Dylight 488 Fric i L FEHT/N R IgG Fidk LA 1:1000 B GG HEAT
Mike, TN PR S 1 h, 50 PBS WBIEDE 3 K.
(6) RGO W 1] 4% 0 O A RO 5 T 180 B %% o R A T EAT WL A HE AR AT
1.9.2 Western Blot 2% 58
Fi%E pEGFP-SVA-L HAZ KA TR H T SVA L & H A/NEPERI . % ST-R 41 gz
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Bl T 6 FLANAREE FER R, £ FL P 4IAL 25 ik 60% 22 45 B, 16 FH HA000 %% 423X 571K pEGFP-
SVA-L BRI e A, BT 37°CH4HMII5 7748 6 h JGEudh g dk, 4841597 36 h,
I G RAR DRI E

(1) # 4 pg BRI 50 uL FS ML ) DMEM HEATHRE, g7 70185, il DNA
Wi RV o

(2) ¥ 10 uLH4000 F 50 uL TCIfLiE ) DMEM BHTHRE, e/ iRs, =EiRE
B 5 min.

(3) ¥ HA4000 #FBMA S| DNA T, iRiERsr sy, =in#FE 15 min.

(4) WG EPMA BB TR g fL b, [EI BB B I, R R A
BT 37°CANMuRG 740 . 1597 6 h J5 WA e IR, 4R 9R 36 h, BE/SUCHUANERE
ihiE4T Western Blot 156 »

Western Blot 1036 B AR 41T

(D FEmifileg: FFERFRIEE, H PBS WIEDE 2 Ik, FLIIA 150uL RIPA 21
W, FHTERE M SN IR T 1.5 mL B0, B FIUK F7E 20 rpm FEIK 2R
30 min. B /& 4°C, 12000 rpm 5.0 10 min JF4C4E BiE, M Loading Buffer J5 & T 100°C
& JE W INF4 10 min.

(2) FEEHEIK: ACHl 15% SDS-PAGE #HiR, BT HIKMEA (SH BIKZEZM)
KRR NP (H% I8 Maker. FATEXTIE. L B ARSI 43 BN BIE AL,
HLUKAX 80 V I HLUK,  FFFF i B2 70 BRI, #%04 120 V 1H K B & HIK 45 .

(3) B $ERTEBT 55 K/h—3) PVDF I, BT HEAIRE 2 min $6.
T HE AR -1 25 - B 2R-BE IR -PVDF JEE-JIE2R- VAR IR P ke e, BT HIkE N (5F
AL ENZZ D, fEIR 200 mA #5E) 35 min.

(4) #: U PVDF JB, H TBST @RIEAT R RIEYE, BT 20 rpm 8K L1
5% AR W ] 2 b, BEJG R TBST 0E L 2 ¥4 10 min/ik.

(5) W E—Pi: %MK PVDF BB, 205N R AR iR E 1:2000 LU
FE) GFP HUfAFT L SpiiEKk, BT 4°CHA Eima . Bf5H TBST %K PVDF
JEEYE 2 %, 10 min/iX.

(6) W¥E —Pi: MK PVDF JEXT N —HRIE, 40l E 1:5000 Fi K HRP Arid
(7 L SEHTRANL 2PN R PUE, SIS 1 h, BEJ5 H TBST WK PVDF JEIE¥E 2 1K,
10 min/iX »

(7) ¥4 PVDF & T RUGAEFE P, 0 ECL ZG (A WA B 1:1 A i3t
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1T RIS
1.10 SVA L & A K V.40 i e hr

¥ ST-R AT 24 FLARMIIE TR CE A AHME ) o, AL N 4 FE ik 60%
TN AT AL Gy A 1.9.2 H 77K pCMV-ER-GFP (i) . pGolgi-mCherry
(F/RHEAAR) . pLAMP1-mCherry (VAB§/A) . pMito-mCherry (ZR¥ifR) k4355
pCAGGS-3Flag-L A3t gy, 4L 36h J5, 4% 1.9.1 P IREAT %O H#RME, Hp
—PHiN L BhiiEK, PN Dylight 488 5% 549 Anic i Edi/N R 1gG Hifk. A DAPI
BEAT A RAZ G o bric, B 4E M€ f B AE B B BOW SRS, Il OGO
LR AR WA IR 4 IR R

1.11 SVA L AW ThEERF 7T

1.11.1 L FHKREERFF 5 Xt

e HUER 7/ RNA W 8 R 88 L & E B & 587 5 A CLUSTALW

(https://www.genome.jp/tools-bin/clustalw ) BEATZIERE /741 LLXT o K LT 5 1 7 510 S04

A% ESPript3 Chttps:/espript.ibcp.fi/ESPript/ESPript/) H#EAT45 R4 K.
1.11.2 L H R G 70 B BB A B S 8

ST L AR AR FERR T L 45 B, BREL 13 AR ST AL ST 9838, BL SVA
YL R RL (pC3-SVA-GDO05) Mtk , it L BRI 51 (£ 2-8) o BDL—14
KRB, B SELL SVA-L-F/L-T14A-R fil L-T14A-F/ SVA-L-R WX} 5| #0173 5131 A
B H B BEJGLL A R B F BONBEAR, BL SVA-L-F/ SVA-L-R N34, XM Overlap PCR
ik (R 2-9) §IG183 AB F Bt (RIRAH L FBD , % 1.5 HhBURIA 7 00 A
BB B SaC 1A SaC TN IR JITT (0 B G o [ JooRL Hh 76 B st R AR RS G o e Jo i
RT3 58 R R AR JSORLE AT B i B R E MR IR A m #EAT I, FEFIH SVA-
L-F/ SVA-L-R 51#1%} 147 PCR %€ o
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R 2-8 L K S RAE 5] W)

Table 2-8 Primers for L gene point mutations

ElEEZR i

SR (53"

I (bp)

SVA-L-F

SVA-L-R

L-T14A-F

L-T14A-R

L-FI5A-F

L-F15A-R

L-E16A-F

L-E16A-R

L-K22A-F

L-K22A-R

L-Y28A-F

L-Y28A-R

L-Y37A-F

L-Y37A-R

L-D38A-F

L-D38A-R

L-E44A-F

L-E44A-R

L-G50A-F

L-G50A-R

L-E51A-F

L-E5S1A-R

L-L70A-F

L-L70A-R

L-V75A-F

L-V75A-R

CACCGAGCTCGACCCTCCTTAGTAAG
CATTCCGCGGGAATCGAAATCATTC
GATACAGCCTCTGGCGCTTTTGAAGACGTAACC
GGTTACGTCTTCAAAAGCGCCAGAGGCTGTATC
ACAGCCTCTGGCACCGCTGAAGACGTAACC
TCCGGTTACGTCTTCAGCGGTGCCAGAGGCTGT
GCCTCTGGCACCTTTGCTGACGTAACCGGAACA
TGTTCCGGTTACGTCAGCAAAGGTGCCAGAGGC
GACGTAACCGGAACAGCTGTCAAGATCGTTGAA
TTCAACGATCTTGACAGCTGTTCCGGTTACGTC
GTCAAGATCGTTGAAGCTCCTAGATCGGTGAAC
GTTCACCGATCTAGGAGCTTCAACGATCTTGAC
GTGAACAATGGTGTTGCTGATTCGTCCACTCAT
ATGAGTGGACGAATCAGCAACACCATTGTTCAC
AACAATGGTGTTTACGCTTCGTCCACTCATTTG
AAATGAGTGGACGAAGCGTAAACACCATTG
CGTCCACTCATTTGGCTATACTGAACCTACAGG
CTGTAGGTTCAGTATAGCCAAATGAGTGGACGA
GATACTGAACCTACAGGCTGAAATTGAAATTTTA
TAAAATTTCAATTTCAGCCTGTAGGTTCAGTATC
CTGAACCTACAGGGTGCTATTGAAATTTTAAGG
CCTTAAAATTTCAATAGCACCCTGTAGGTTCAG
CCGCCAAACAACAAGCTGGACTGGACATCGTA
TACGATGTCCAGTCCAGCTTGTTGTTTGGCGG
CTTGGACTGGACATCGCTTATGAACTACAGGGT

ACCCTGTAGTTCATAAGCGATGTCCAGTCCAAG

26

25

33

33

30

33

33

33

33

33

33

33

33

33

33

30

33

33

34

34

33

33

32

32

33

33
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L-E77A-F CTGGACATCGTATATGCTCTACAGGGTAATGTT 33

L-E77A-R AACATTACCCTGTAGAGCATATACGATGTCCAG 33

%% 2-9 Overlap PCR ¥ M1k %

Table 2-9 Overlap PCR amplification system

oy AR (ul)
2xPrimeSTAR Max Premix 25
DNA 2
ddH20 21

JRBIFER: 98°C 3min: 98°C 105, 55°C 105, 72°C 105, 5 AMEF; 72°C 10 min.
RN LS AT R

Moy RFL Cul)
E RN 48
UG (10 pMD 1
TUESIY (10 uMD 1

NAEFF: 98°C 3min; 98°C 10s, 55°C 10s, 72°C 10s, 30 AME¥A; 72°C 10 min.
1.11.3 L EHRBHRBRERR G EE

PERRRG: K BHK21 4R T 3 /4> 6 FLANMRT 7RIk (15 ML 1, FRFLINE
ik 60%E AT, A H4000 #4438 574% 1.9.2 Th7idol M@ i) 13 /> 9 AR e ge v o b
JFURL Y 5l G 22 BHK21 4, [R5 B BP0 B ORI G i) TR 0 B D /01 B 1 o e

(4% pC3-SVA-GDOS Bk o %4 72h 5, RSN G, 53 300 uL

IEER TR AT AR R ST-R 40, BT 37°CHuRs 4T E 2 h j5, L LG,
FFLAINMA 2 mL % 2% FBS (4N 4E Rl 4k 0595 . R e R4 MUIRES, £F 80%
gnfi & AR MRS 4E . AR BRI I, UCERFL A M4 4ERR R, 25000k 224
MR, ORI BB RIUNREIR BRI, 328 )5 ORAFT--80°C & H o

WL E : K ST-R M3 T 3 4> 6 FLYIMIIE IR (15 NFL) o, fRFLA S EIA
80% AT, KRBT 13 #RRAREEHE MOI=0.01 $ehp 2140 faR b, [R5 B BH Xt
HE (R DMEM) FIFRPERTIE (2R SVAGD05/2017 #:4K) - 2h Ja E# A 2% FBS
(I4H M AERF, 37°CAMRERFRAE rh 4k e 3%, FR AL 50% A i R A AR IS, #40 1.9.1

A IRIEAT TFA A
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1.11.4 L B H R R IR E R0
¥ ST-R MBS T 5 4> 96 FLAMIRG 7Rttt FrfLIN B FEIL 80% A, FF2eks
Fidk. T 2% FBS (M0 BAERRACE FR IR 14 RR R (SRR GDO05/2017
B 4% 107-10° MR FERHATMORE, RORBEEF 1 7 ANBR B B EE M T 4R AR
100 uL/ AL, BAMMREERE 4 MELSSL, FREPENE, BT 37°CHi %746
Bt 2 h e, BALAMID 50 pL BANIBAE R AR SRR IR o BEORLE AR A TR EAT e 3%,
fr 020 B s A ) FLECA E S 2, A Karber VETFRR &L, 1HE A
IgTCIDso=L-D (S-0.5) .
1.11.5 L 5 B RASS R B E H KW
Nt LR G i L AR B 0 2 0 B ) P A e, de B TR R B L70A
RAGAL p DL S50 3 50 I A 30 P {58 9 5 B3OHE A58 s 5 i 2 T Sl 9k 55 ) R A ARGk R AV
(H42A. Q79A. A42H. A56R) , 44 FIRTRAR i B & ¥ 3] GDOS5-Rep & il T Fki
6] 1.9.2 H 7B L SR A RAMELR (H42A. L70A. Q79A. A42H. AS6R) &
il T FORLEE e A ST-R AR, [R5 B 94 %of HE R 2 e ook ) A1 B P4 0] B (e % SVA-
GDO5-Rep &l ki) o #4924 h J5, f#H RNA-easy Isolation Reagent Ui HU4H At
at, PRI RNA JEHEAT ek, BEJGH SO A3 2 1) cDNA #5217 56 E & PCR
(b Wik,
1.11.5.1 RNA #RE5 R#%
(1) FEYpEFEM, H PBS W& HE 1 Ik, BFLIIA 250 pL RNA-easy, F#
WA A AMAT FRIFEE R B O (JC RNA B , kSR EWRITHE 780 24 .
(2) ) R Z PN 100 pL RNase-free ddH,O, b FEUEI 7808 E], =
I E 5 min.
(3) 12000xg 50> 15 min, BEEIER SN EZKA (B RNA) FUREDT5E, # Lk
JE KA /N 2T 1 B A
(A IMANEEAARL (350 L) {57 A EE, BT EEIRMRS, iR E 10 min; 12000xg
2.0 10 min, HIL A AIE, 7L LE.
(5) A 500 uL 75% B (G RNA Bg) , 58 A pive Bz F B i 40K
(6) 8000xg B5.0» 3 min, 2= Lif,
(7) EEPE (5 M (6) , 7% ik,
(8) Hi 8 =R T, A& EN RNase-free ddH,0, W& JE 3 min L7 735 i
RNA JTiE
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(O E A FE AL I RNA 452 (ODaeorso AT T 1.8-2.2 2 [H] R BH A AL 455
(10> $ZHLH) RNA P57 BIEAT S 8 s B 47 1-20°C %
i Ff| Hifair®V one-step RT-gDNA digestion SuperMix 317 s ikl , RMAKRR (F
2-10) :
R 2-10 FLRAKR

Table 2-10 Reverse transcription system

4oy (A
RNase-free ddH,O To 20 puL
5xHifair® one step RT SuperMix 4 uL
gDNA Remover Mix 1 uL
Total RNA 10 ng-1 pg

REFFRET: 30°CHFE S min, 55°CHFE 15 min, 85°CHFH 30 s; KRFLFMARN
cDNA B T-80°CI#A7% .
1.11.5.2 ROLEE PCR

PA pCAGGS-3Flag-SVA-3C iU KifFE NFRAEFTRL, $4% 102-10° BFIBEEEMRE A 4 M i
S, B FIRRIEFN 7 > cDNA B CRBIFIPEXTHRD #fE 5 f5 & H . Wit4t Xt 3C
EHAMEEI Y (Q-SVA-3C-F: ACAGTCCGCTCTTCTTGTGG, Q-SVA-3C-R:
GTCCGAGACGTACCATCACC) , I MR ZR (R 2-11) Xf FiRIE 11 M AT
#, BAFEMIE 3 NEEAL.

# 2-11 %N E & PCR RVAE

Table 2-11 Fluorescence quantitative PCR reaction system

4oy AR (ul)
Hieff qPCR SYBR Green Master Mix 10
Q-SVA-3C-F (10 uM ) 0.4
Q-SVA-3C-R (10 uM ) 0.4
cDNA 3
T K 6.2

TRV AT, EEEK: 95°CTiASME 5min; 1AM EBE: 95°C 10s, 60°C30s, 40 4
7w

TE¥R; BMREEY: 95°C5s, 60°C 15s, 95°C 5 s.
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1.11.6 L 2 B RS RXH B FERE W

A 1.9.2 H 7734 1.11.5 sk —24 L & A RAR BB R E i 7 UKL 43 5 5 pRL-
SV40 (NS k) LGS ST-R 4008 (24 FLHO , FEE AR CREEGE
HlF R ARH ST IR (4% SVA-GDOS-Rep &l FHA) o 4L 36h 5, i
DG ER Bl A o 2 DR AR SO AR A i, B S B AR DO AT 2O R B A, HAR D
BRunr -

(1) B gl ot & 7oK b, FEiiandt, RN PBS iR R vt 2
e

(2) AL 150 pL & R4, FIAG SR 4n iR kI B s 2
AT JLR, RSB B OE H, AEVK BB T 20 rpm $EPKZ# 30 min.

(3) 4°C, 12000 rpm 0> 10 min, PRHEX_EIEE RSO, BHRRATIE, X
B SR ity 37 RIFEAT 52 01 2R Wl Ao I =4 DR AT T-20°C

(4) WZHY 60 pL Luciferase Reaction Reagent JIAFIPAFLEES, AN 40 uL
RRIUARE A, RS JE TRONBEAS ST AN, 0 SR B bR A b i ok e o ' R B R PR 3
i o

(5) [\ _EIARIRFL A2 B0 40 uL Stop Reagent, 5V 2] Ja N BEbRABEAT 16
W, S B 2O R BRGNP BE 3EAT 7 b DAAS HE R v 1
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2 4R

2.1 EAFRMKIEE

PL pGEX-SVA-L H 40 Jfi ki A, F] SVAL H A1 5483k PCR %€, ¥4
FEYBEAT AL BRI B VK I S SR . tniE] 2-1 FoR,  BEhE 3G K/ 237 bp 1 L 3

Kl 2-1 EAGTRI PCR %5E
Fig.2-1 PCR identification of recombinant plasmids

7E: M. DL2000 DNA maker; 1. 2. pGEX-SVA-L

1§ [ EcoR 1A Xho TMR #i1 ¥ A V)Xt pGEX-SVA-L B4 i ki kA7 Eg U] % e, B b7~
VAT R BRI IS FEL VK T GRS B8 . N 2-2 B, AR B R A&, — A
5000 bp /e A7) pGEX-6p-1 ML H Ak %47, —> 237 bp I L F:K %747 . PCR &M
BT 4 58 1) 25 SR R W] pGEX-SVA-L 415 b 2 i o

55



5 E A RIIEAN R LR A ST S A TR IT

15000
10000

7500
5000

2500

1000

2-2 B TR RIS E
Fig.2-2 Enzymatic identification of recombinant plasmids

7E: M. DL15000 DNA maker; 1. 2. pGEX-SVA-L

22 BEHEANREAEEE

B4 52 IERfF) pGEX-SVA-L B ki 2 BL21 (DE3) &40, £ IPTG
FFRAEHAEA . IWEREKRIERS & E AR, @UIRA RSB EAHER, KA
214 35kDa (K] 2-3) . 85K, faitb g Lk T @R EA, A1 E.

M 1 2
KDa
-
50
40 .
30
25
20 —-——
.
K23 L EHEARLL S E

Fig.2-3 Purification and identification of L recombinant proteins
VE: M. 26614 Protein Marker; 1. pGEX-SVA-L #4lifk; 2. pGEX-SVA-L 4lifk

M. 26614 Protein Marker; 1. pGEX-SVA-L unpurified; 2. pGEX-SVA-L purified
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2.3 L BHKIE RS e

2.3.1 AR RN

SRR AR R fS, ik — PRI 23S AN, N 36-B3, JFRIhiEAT
L BRI R EHI%, 2035 R4 T-20°C. % SVA GD05/2017 FFRESLH) ST-R 41
FRHEAT TFA Fl, 5B RIS MRt R . G 2-4 B, SVA IR GL ) 40 i 52
)RR R, XA T, R 36-B3 #k L BT H T SVA JREE G L
A TFA K.

ST-R (Mock) SVA-L(36-B3)
Kl 2-4 L 401 IFA %58

Fig.2-4 TFA identification of L monoclonal antibody

2.3.2 Western Blot £
¥ pEGFP-SVA-L B KIA RIS 4% ST-R MM, R L syusil sMEHERIE

) SVA L 25 . K 2-5 ffi7n, pEGFP-SVA-L EAZFikifE ST-R 4Hffirh i sh&is (B
2-5A) , HEZIORGI EIAH N K /NG EGFP-L @& 8, K/ANZh 36 kDa (& 2-5B)
AT (45 . UERH SVA L ByTa] T L & (A R AN ARG o

A > B &
s & & &°
) Q bt Q
37KD— 60KD—
R 45kD—1
25KD—] 35KD—|"™ bn ot
25KD—{
FEes | 15KD—{i

. !,
- 008
-

8KD—

Anti-GFP Anti-L(36-B3)

K] 2-5 L BEPLH] Western Blot 4 58

Fig2-5 Western Blot identification of L monoclonal antibody

57



5 E A RIIEAN R LR A ST S A TR IT

2.4 SVA L ZFH 41 e L

N T #hE SVAL EE M 7041, K pCAGGS-3Flag-L 417l 5 pCMV-ER-GFP
(M)  pGolgi-mCherry (& /RIER) | pLAMPl-mCherry (VABF4A) + pMito-mCherry
(ZRifR) — LA LR ST-R 4, Wi SRR B W ¢ SVAL S A K401 2

fir. W& 2-6 fivn, L EERNLORGE T SARMKSGORGE TEEES, B
B ESXI, P SVAL EATEEA TR F.

pCAGGS-3Flag-L

- - L‘Sosome

B 2-6 L & 1 (L 40 i e A7

Fig.2-6 Subcellular localization of L proteins

2.5 L EAWEAERF LT

BN RNA SR ERHB - m s B L 25751, 4 CLUSTALW M1 ESPript3 #47
BT HIM T AL, i 2-7 Bz, L & AFHITE/N RNA RE R AR,
ANEPREZ AN L EAFRIZERER (B 2-7TA) » 53E% 50 KRB0 RO IR 38 5570

i BEIEAT LEXT

5

Jlo

RIL 14 DMAHX RS BB AL A (B 2-7B WAREL) , FFEAT Jo 2EA)
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Mengo-L 1 ..P}ATTMEQEI%‘;AHSMMFEE"; CIS|ALIQYR . H(‘SFY'—LK’??EE
Encephalomyocarditis-L 1 . .MA[TITMEQET|CAH|S|[LTFE[ECP|KC[SA[LIOYR . NGFY|LILK[Y DEE
Saffold-L 1 AIIDI SADGSFALLIFI INE
Theilovirus-L 1 AlV[DATPDFEY|L|ILM|
Senecavirus-L : 8 K|IIIVEYPRSVN|NIGV
Sapelovirus-L 1 |T|sSlVTHEKS IG[plY T VV“
Teschovirus—L 1 JOILIKL TMAC LK|I|F SILKIRK
consensus>70: @@= s spaiee sieis & svene a Ciiva s m ade Ciinnaaiiaane aiaeaa yd. .
Mengo-L 40 wypEEWLTDGEDT ................ VF[D|P DL DM EVVIF[E]
Encephalomyocarditis-L 40 WYPEEIILTDGEDP|. <. ciiic i s s amia o VF|[D[P E[LIDMEIVV|F|
Saffold-L 33 V\YPTD‘.Y‘LTVDLD DVFHPPDC.. ... VMEWT LP’ I Q|D|VILIMIE[P (O
Theilovirus-L 33 WFPTD[LLCVDLDPDVFWPSDTSTQPQTMEWT[ VP’ \vclp|TviME(P|C
Senecavirus-L 41 THL‘?I..iNLQGEI‘ ILRSFNEY..... QIRAAKIQQ[L|GLD|I|V|YIE[LIQ
Sapelovirus-L 42 DVIIMKENSRTSL MAYVEGKT .. ... LVF NNGTQK_‘GOVHSSNT(_’
Teschovirus-L 45 DKSHSYSDR e elede . «ee.....EIELKYNSDFRAFKP|.
consensus>70 ... .. 5 CHINR A0, o0 o o Mhese e sime afiasod - R TN LI
Mengo-L MATTMEQEICAHSM EICP . .JSCSALIOMRNGF Y L L KpaslE
EMCV-L MATTMEQETCAHPL ECP . .JSCSALIOMRNGF Y L L KpaslE
SVA-L . SHFSFDTASG DV TG TEVK ER4P RSVNNG VhgssS
consensus> 70 . .. . <isie o oo v e e s TEEE .« « oK. o onlli¥a o 6w o oue YD.
40 60

Mengo-L EWYPIHESLTD[EADDVIFD . . . . .. .. ... PDRMDME V\YFIAT
EMCV-L EWYPHELLIDEADDVIFD . . . . .. .. ... PEMDME ViHYFIAL
SVA-L STHL ILNLQ LRSFNEYQIRAAKQQ GILD INYINT.
consensus>70 . .. .. #GE. #! .............. #L.S#'VSE.Q

2-7 L B AR FEER 75 L X

Fig.2-7 Amino acid sequence comparison of the L protein

2.6 L ARG AR S

¥ LR R I 13 ANMAGHRSFAL A (79Q BrAM) 347 L 8 [ J8 AR B 70 B SR fr)
fg, witslY, A Overlap PCR J7EH 1S L 2848 Fy BUT #4631 pC3-SVA-GDOS5 &
ek sl R, 5% T14A. FI15A. EI6A. K22A. Y28A. Y37A. D38A. E44A.
G50A. ES1A. L70A. V75A. E77A %5 13 > L & R ARG PR e B TR . DLIX B 58
A YL 7 [ TR AR, {8 B SVA-L-F/SVA-L-R 5145t Hik 4T PCR %58, & 2-8
FioR, SRy 3 RNy 565 bp HIFER S (K] 2-8A) , RUIIIIGRAE L J B
ARG s kL . Ak, R EE R (& 2-8B) RUIFA AL i B i) RAZ
NNRE (A, UHHRIIE T 134 L EERAH) SVA BRYL M 7 b i ki
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B ot 6o T 6T 6T 66T G 66T GlElT 66T BET oET o

s 0 0 o e B

TI4A FI1SA EIGA K22A Y28A Y37A D38SA E44A GS0A ESIA L70A V75A E77A
Fel 2-8 L 2 1A A M R0 5

Fig.2-8 Identification of infectious clonal plasmids with mutations in the L protein

27 L EARIREEM S EE

W DR 13 AN SR TR R LA K pC3-SVA-GDOS BH 14 i HE 43 1) % G
% BHK21 40, 72 h J5U4E HiEHFT ST-R 4ifirh, R RMESAIMOIRA . aif 2-
9 fii7n, TI14A. F15A. E16A. K22A. Y28A. Y37A. D38A. E44A. G50A. ESIA.
V75A. ET7A 1L 4004 (A asas . AR BRI vE D, MEA L70A ¥ 40
AN, I I3 (] 2-9A) o SRR BRI G ST-R 41 itk — P k4T TFA
S, S4UMEARER 80 B L70A SMHILHE RS ERE (B 2-9B) o Fik4h
FHW, IR T TI14A. F15A. E16A. K22A. Y28A. Y37A. D38A. E44A. G50A.
ES1A. V75A. E77A % 12 ¥k SVA L SHERARI B, 1M 70 fL &R (L) R
B
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T14A F1SA E16A K22A

GDO5 Y28A Y37A D38A E44A

GS50A ES1A L70A V7SA E77A

Kl 2-9 L 8 A AR MR RS 08

£dA

Fig.2-9 Rescue and identification of L protein mutant viruses

2.8 L A RRIREHIHEN E

BRI 14 ¥k F1ARRAHREE (F GDOS BHMEXTIR) %18 Karber 7250 5 7 2
. Wk 2-10 fizs, TI14A. F15A. E16A. K22A. Y28A. Y37A. D38A X4 i
FERIFAMAE /N, E44A. G50A. ES1A. V75A. E77A {855 75 FE IS (U P& MK, MEA L70A
PR EEEE. W L A A L70 A SRR R AR Ar i AR R AT RE R FE R
H L H E T 55 B A TG AN AT Bk

Viral Titer(LogTCID50/ml)

T
%vv?vvvvvvvvvv
D0 D AV a2 A 4D WD (O A A X A

KPS

B 2-10 L 25 [ 5828 Bk 205 B 1930 14

Fig.2-10 Titer of L-protein mutant or deletion viruses
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2.9 L BB A RABGRN SVA K| F1Fe F R R

Nk ERE i L R B e AR 5 (1 R A s B i R v R HE R A, e LA
TREEEIEI) L70A RARNT i DL A SRE: 3 56 H R I K801 2 SUAE B A9 250 52 T Sk 9k 55
(R FASFIER S A7 £ (H42A. Q79A. A42H. AS6R) , FF7E SVA-GDO5-Rep & |1 J5i ki
(P EA g B A7 R TR AR B ER R I & ) BURL, 43 il A 44 4 Rep-H42A Rep-L70A.
Rep-Q79A. Rep-A42H. Rep-A56R (& 2-11A) . L SVA-GDO5-Rep & il 1 Fiki JyBH
PR, F BRI T RURLE Y% ST-R 40, 24 h JFHRHCRNA Jf /¥, #EATHOL
B PCR (% &) 150 IR L & RAZBE R AT SVA /KT g2 . W] 2-
11B fli7n, LEEAREE (H42A. L70A. Q79A) HiHkI: (A42H. AS6R) T SVA HIE #
HHRMEHM . L SVA-GDO05-Rep i1 BRIV I, R BB BRI, K b
RE TR 55 pRL-SV40 JEHE 4% ST-R 41f, 36 h Jo AN P RE i 3047 WU e
REERI, DIGIE L AR A RAREEL S XT SVA FES BRI . 4k 2-11C Fizn, Rep-
H42A. Rep-L70A. Rep-Q79A. Rep-A42H. Rep-AS6R 1% SVA HIEAFIFE T 47|
TR EEIETE, Hd, Rep-Q79A. Rep-A42H. Rep-AS6R [RIMIHI R i N
F. 45RERW], SVAL AW R FE I R B R BAEH .

' NP
SVA-GDOS
S'UTR 3UTR
Qre) L [ vea [ vez [ vea [ ver J2a] 28 [ 2c [ 3a [3B [3c | 3D |— Ppoly (A)
SVA-GDO05-Rep
S'UTR TR 3UTR
L ved Fluc [2aT 28] 2c [ 3a [ 3B [3C [ 3D |— poly (4)
"“.\IQ)SHFSFDT,—\SGTFED\'TCTK\'Kl\’E\’PRS\"NN(;-\.'-\T;-S;:l:-l[jji:fln
LNLQGEIEILR®SFNEYQIRAAKQQLGLDIVYELQ"
] £ 3404
z 2 280
‘2 8- § 220
S o 160
= % 100+
2 o £C1 WL
= S g§-
g 4 2 4
‘B 2 34
S =z
2 27 £ 2-
£ & 17
> 0- T T T 0-
$ & &
T a’.&g;& S S 2 S
QS‘QI Q&Q QS’Q Q&Q Q!'Q QS‘Q Q.QQ Q&Q Q&Q Q.QQ, Q&Q Q&Q’

2-11 L & A RAS BRI SVA S il FlE 5 B0 B 1 52 0

Fig.2-11 Effects of L protein mutations or deletions on SVA replication and transcription-translation
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3 e

H 2015 4 SVA fEFFEIRIE LK, CARESEEE N RRfE, SVA fEiE5
VO EE A BT MR AT R BEE X SVA IIRAWF AT, AWrmELH 5 SVA AL
WHFTHRIE, SVA MIWATHR A AOmLEl. ki, EADIRE. 2WEARIT RS
T RERIE . B EPUARAE A 5a G R R 5t T BAER A0 70 R 35 B A
M, SVAVP1. VP2, VP3 VLK 3C EEE K HwmbEdiiaAkiE, HAEEAMIIREV T
DL S Wi AR TR R B CEIE . L RAMEN SVA BT TEA, HERA
B owmiSE R, B SVAL SEEKDIReR H it M AERE. Bk, #l4& SVAL EEK)
PRSI N E .

AR KA 3 E R IE RS FKIE SVA L A, ZHEM IR, HiEfka
FAE. FARERTGE B fetae . T LEaRh, FikiEMWA GST il é i A
(1) pGEX-6P-1 #ifk, ¥ L FrBAfi AH i IFERIE, DUHRER& & A NRIEE I T (H 5 2:
e, M/ IPTG 5% L SEERIA, @ Ylieaith 7 ikdt 17 & a4t 46 A
PEGR000 HHAT#4E, 132 T AR L Al &8 A i . MAE20 LaaEA %
PR X 6~8 ARSI BALB/c /NERBEAT 2, Ar/IN B4 A 7 AR v 5 BT OB AA I, /N
BRL P LA B 5 RS R0 SP2/0 QMU EAT kG, DAAS 3 RERE TG PR 08 SRR AR AH Ri bt
I AT AN . ARG o ST A P 0 e S SR I, B 2845 31— kAR e 43 il
L B APUARI ARk, K a8 36-B3. BJi B4 RS 77 i 44 28 I8 40 B ik v
NEREBNRIE RS KR L BhiEK. Byiml &I B g — S ocm, gl
AR IERE . R AR RGBS SP2/0 4 IR S S50 B )
S FRERUA R RS D ) £ o

XS EI SVAL S5 FEHUAAT AEY) 5, KL L Sgin] H TR0l SVA 140 i
&Gy, EAE L BPU IS SVA IR G RE & BL A pCAGGS-3Flag-L JiURLFL G4 41
FLRE FEAT Western Blot #eill, ARERF M L B A% H. e 2 h TR
JRA: 55—, SVAL AN TER/N, ERE KIS RENE SR BOER 2],
%, SVAL EHEHHAFEMMPNRIEERC, RN REEAY. BE/H L EAW
# % pEGFP-C3 fikirt, DMEA L BHik iR K EGFP-L & HEH, £%%E,
RO AR R/NE) L A 2R 2600, W L Sbiel T L & A SMNEMERIE R Western
Blot f& il . #F— il it S R A= BT SVAL AT e, 58 EW, SVAL
HEFEEMTARMS, AN EEDGE LR EERAIESE, XS L&A
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DIfeE Ko

JeFHEA L RAFET /D RNA SRR ER# e, BlangEN-RE#EE. DR
B PR EE. DR RS . AEREZE L EERFZERERR, A
T, AFFEHED L &AM CHIESE 71X — 5. TR a DU O
BRI L AR P2 eEH, KESFEZENAEYEIRE. DEERFEN L &
Fe—MARMEAMEEEAN, B 7REREEABIERS, EHA KRS UE
FHOREEHMEE ), FEEEPIT 3 P ERIALHRIFSIE EhunaE R N Ot R
il EAZR BT IG R T 4y (elF4G) SKFHWIE 35 A& A, @i i FHPR-op 1=k
KHbiE F AR e RN, O AZZ BN R BIEE 59 T EZ 7420,
OV R JE R R L B A BB E 2R A, S 5T I T R AR i
AL KIRE . AR TS 2 MO I ZE g R0, SVAL B 5 HA /N RNA R # A
LWL e A ) EOR 22 S V4 s He n] B R FEAS R R RR IR T R

NARFL SVAL 85 FEHAE A A S R FEIPE Y, ASHIF ST I L 13 AR L 2
IR AL m AT SVA Bt v B JTURL I A%, AT I AR 0 55 IR RS P
SRR, KA LT0A fREESTE, HARRARRL U0 B RSB N . JAh, ASk
G SCHTIIBT 7R, A42H. AS6R. Q79A [AIFER] MERAEIE, HA20G. H42A fF
i EEEE ) I Rk IR, R GE R, XA ST L R AR H L R T
BEIAEIE AN AT EER, L R AR 2 0 AR e R T R R PR AR R E R T ROR
AR AR R R E RN EE TR, Nt PLER A L EEWE A2 SR
(S RE B R R AR, S H T AHE T R IR EE B0 L70A 587847 A
PAR SR 7 R DL R AT BB R A7 £ ( (H42A. Q79A. A42H. A56R) , FIfH SVA-
GDO05-Rep il F THBTHR G EE PCR (ZXT5E S R RUHE i 2R 5 KPR
Mo KL EARLD (HA2A. L70A. Q79A) Hiftk (A42H. AS6R) ASL=RLIiN £ )
KT, X5 ARSI 5 SR AR i & S a5 RAR R P00, FiAh, 1XEE LA AR
FRAAL RUSAEAN [FIRE FE A0 7 85 (0 R IRIE 1, 5 AR S0 = e i il 45 R — 3
(206 BOHIE T L SR ATEEE AR BB R i B A, ABEFUREL L B R E
AT Ps I, BRI, #E SVA L 2R A 1 e AR B R SRl B R o R 4 B A F B
B A A R IIE
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4 INGE

(1D AR AR A% 05 FR G0 A0 il & 2 R il % 1 —#k SVAL S 55
BEFLIA, A4 36-B3.

(2) 1% L PrifEpifas T IFA 35 LA SMNEYE L 2 E 1) Western Blot frill; 7.
YR E AL I, SVAL B H EZEAL T NN

(3) SVAL HEH (L70A) RAMHEIIC, LY L EHEM L70 A7 50T BEAETR 75
(AR A R T R AR

(4) SVAL FHHRA (H42A. L70A. Q79A) HifikZk (A42H. AS6R) AFHAG
BIE G, (HIEARREE EHH] 7O RBER R R, KW L HE A RESR
FA o AR P B T 2 B AR E A

65



e &y

[a—

ENGR

SVA HE T % E 5 PRE A Bk, HI b EENK. KRG E HTRH, SVA #
WRAFAE S SCIFI A ST AN 2R, HLAN 3 SRR B R R AL 22 S o TSR B0 FL 0k
P IR SVA Mk, H A FEFE AL %A 3.3522x107 nucleotide
substitutions/site/year, FITILAHEE] (TMRCA) A 1986 4F

SVA B[ LR/ A R B, A RAOF AR 2 i R B B 3G Ik & 3, AL 1986 4F
F 2017 FEHE RS, BEE FRES, o, EFEE 2015 450 SVA 4BRk{E
FErie s 7 EEAEH.

AT T —#k SVAL A MR ESUE (36-B3) , T IFA 5 LA
ANJETE L £5 H ) Western Blot 31

RIS L EAMRAEN S (L70A) v LMERFR AL, R L EAM L70 6754
A REAEIR B AE A RE P R E AR . SVA L 85 (A 9848 sl S AN 5 9 25 16 2 |
K, AHSAEANFFR L B3] 19 R R R IE, HE L SR O T /e dE iR
(-G R R B 4 B R R R

66



S 3k

[1]

2]

[3]

[4]

[3]

[6]

[7]

[8]

[9]

[10]

[11]

[12]

22 3k

J Segales, D Barcellos, A Alfieri, et al. Senecavirus A[J]. Vet Pathol, 2017, 54(1): 11-
21.

L M Hales, N J Knowles, P S Reddy, et al. Complete genome sequence analysis of
Seneca Valley virus-001, a novel oncolytic picornavirus[J]. J Gen Virol, 2008, 89(Pt
5): 1265-1275.

J F Montgomery, R E Oliver, W S Poole. A vesiculo-bullous disease in pigs resembling
foot and mouth disease. 1. Field cases[J]. N Z Vet J, 1987, 35(3): 21-26.

J F Montgomery, R E Oliver, W S Poole, et al. A vesiculo-bullous disease in pigs
resembling foot and mouth disease. II. Experimental reproduction of the lesion[J]. N
Z Vet J, 1987, 35(3): 27-30.

B L Munday, F B Ryan. Vesicular lesions in swine-possible association with the
feeding of marine products[J]. Aust Vet J, 1982, 59(6): 193.

E Gibbs, H Stoddard, R Yedloutchnig, et al. A vesicular disease of pigs in Florida of
unknown etiology[J]. Florida Vet J, 1983, 12(1): 25-27.

R A Leme, A F Alfieri, A A Alfieri. Update on Senecavirus Infection in Pigs[J]. Viruses,
2017, 9(7).

S F Amass, J L Schneider, C A Miller, et al. Idiopathic vesicular disease in a swine herd
in Indiana[J]. 2004, 12(4): 192-196.

D S Pasma T, Shaw SL. Idiopathic vesicular disease in swine in Manitoba.pdf[J]. Can
Vet J, 2008.

R A Leme, E Zotti, B K Alcantara, et al. Senecavirus A: An Emerging Vesicular
Infection in Brazilian Pig Herds[J]. Transbound Emerg Dis, 2015, 62(6): 603-611.

F A Vannucci, D C L Linhares, D E S N Barcellos, et al. Identification and Complete
Genome of Seneca Valley Virus in Vesicular Fluid and Sera of Pigs Affected with
Idiopathic Vesicular Disease, Brazil[J]. Transbound Emerg Dis, 2015, 62(6): 589-593.

M Laguardia-Nascimento, M R Gasparini, B Sales E, et al. Molecular epidemiology

67



PN e R3S

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

of senecavirus A associated with vesicular disease in pigs in Brazil[J]. Vet J, 2016, 216:
207-2009.

R A Leme, S A Headley, T E Oliveira, et al. Molecular, pathological, and
immunohistochemical evidence of Senecavirus A-induced infections in pigs of
different age groups with vesicular disease from Brazil[C]//Proceedings of the Allen D
Leman Swine Conference, Saint Paul, MN, USA.2015:19-22.

Q Wu, X Zhao, Y Chen, et al. Complete Genome Sequence of Seneca Valley Virus CH-
01-2015 Identified in China[J]. Genome Announc, 2016, 4(1).

C S Singh K, Clark SG, Scherba G, Fredrickson R. Seneca Valley Virus and Vesicular
Lesions in a Pig with Idiopathic Vesicular Disease[J]. Journal of Veterinary Science &
Technology, 2012, 03(06).

L R Joshi, K A Mohr, T Clement, et al. Detection of the Emerging Picornavirus
Senecavirus A in Pigs, Mice, and Houseflies[J]. Journal of Clinical Microbiology, 2016,
54(6): 1536-1545.

N J Knowles, P L Hallenbeck. A new picornavirus is most closely related to
cardioviruses[C]//Abstract of the EUROPIC 2005—13th meeting of the European
Study Group on the molecular biology of picornaviruses, Lunteren, the
Netherlands.2005:23-29.

International Committee on Taxonomy of Viruses (ICTV) [EB/OL], [2014-07].
https://ictv.global/ictv/proposals/2014.016aV.A.v1.Picornaviridae _spren.pdf.

S Venkataraman, S P Reddy, J Loo, et al. Structure of Seneca Valley Virus-001: an
oncolytic picornavirus representing a new genus[J]. Structure, 2008, 16(10): 1555-
1561.

M Strauss, N Jayawardena, E Sun, et al. Cryo-Electron Microscopy Structure of
Seneca Valley Virus Procapsid[J]. J Virol, 2018, 92(6).

S Venkataraman, S P Reddy, J Loo, et al. Crystallization and preliminary X-ray
diffraction studies of Seneca Valley virus-001, a new member of the Picornaviridae
family[J]. Acta Crystallogr Sect F Struct Biol Cryst Commun, 2008, 64(Pt 4): 293-296.
J M Bergelson, C B Coyne. Picornavirus entry[J]. Adv Exp Med Biol, 2013, 790: 24-
41.

ICTV Report.Picornaviridae [EB/OL], [2017-10]. https://viralzone.expasy.org/697.

68



S 3k

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

V R Racaniello. Picornaviridae[J]. The viruses and their replication in Fields Virology,
2007, 796.

L, 5K m. REERImAS & R E VPg ILIRERT FEHEfE ], AW EoRIE R, 2009,
(04): 16-20.

Q Wang, H Meng, D Ge, et al. Structural and nonstructural proteins of Senecavirus A:
Recent research advances, and lessons learned from those of other picornaviruses[J].
Virology, 2023, 585: 155-163.

M M Willcocks, N Locker, Z Gomwalk, et al. Structural features of the Seneca Valley
virus internal ribosome entry site (IRES) element: a picornavirus with a pestivirus-like
IRESIJ]. J Virol, 2011, 85(9): 4452-4461.

E Martinez-Salas, R Francisco-Velilla, J Fernandez-Chamorro, et al. Picornavirus
IRES elements: RNA structure and host protein interactions[J]. Virus Research, 2015,
206: 62-73.

L S Chard, Y Kaku, B Jones, et al. Functional analyses of RNA structures shared
between the internal ribosome entry sites of hepatitis C virus and the picornavirus
porcine teschovirus 1 Talfan[J]. 2006, 80(3): 1271-1279.

L E Easton, N Locker, P J Lukavsky. Conserved functional domains and a novel tertiary
interaction near the pseudoknot drive translational activity of hepatitis C virus and
hepatitis C virus-like internal ribosome entry sites[J]. Nucleic Acids Research, 2009,
37(16): 5537-5549.

M M Willcocks, S Zaini, N Chamond, et al. Distinct roles for the I1I1d2 sub-domain in
pestivirus and picornavirus internal ribosome entry sites[J]. Nucleic Acids Res, 2017,
45(22): 13016-13028.

N Wang, H Wang, J Shi, et al. The Stem-Loop I of Senecavirus A IRES Is Essential for
Cap-Independent Translation Activity and Virus Recovery[J]. Viruses, 2021, 13(11).
F Liu, N Wang, Q Wang, et al. Motif mutations in pseudoknot stem I upstream of start
codon in Senecavirus A genome: Impacts on activity of viral IRES and on rescue of
recombinant virus[J]. Veterinary Microbiology, 2021, 262.

F Liu, N Wang, Y Huang, et al. Stem II-disrupting pseudoknot does not abolish ability
of Senecavirus A IRES to initiate protein expression, but inhibits recovery of virus

from cDNA clone[J]. Veterinary Microbiology, 2021, 255.

69



PN e R3S

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

F Liu, Q Wang, N Wang, et al. Impacts of single nucleotide deletions from the 3’ end
of Senecavirus A 5" untranslated region on activity of viral IRES and on rescue of
recombinant virus[J]. Virology, 2021, 563: 126-133.

F Liu, Q Wang, H Meng, et al. Experimental evidence for occurrence of putative copy-
choice recombination between two Senecavirus A genomes[J]. Vet Microbiol, 2022,
271: 109487.

D Zhao, Q Wang, M Wang, et al. A putative wild-type or wild-type-like hairpin
structure is required within 3’ untranslated region of Senecavirus A for virus
replication[J]. Virology, 2023, 585: 72-77.

C M T Dvorak, D J Hall, M Hill, et al. Leader Protein of Encephalomyocarditis Virus
Binds Zinc, Is Phosphorylated during Viral Infection, and Affects the Efficiency of
Genome Translation[J]. Virology, 2001, 290(2): 261-271.

A Gradi, N Foeger, R Strong, et al. Cleavage of eukaryotic translation initiation factor
4GII within foot-and-mouth disease virus-infected cells: identification of the L-
protease cleavage site in vitro[J]. J Virol, 2004, 78(7): 3271-3278.

F Borghese, F Sorgeloos, T Cesaro, et al. The Leader Protein of Theiler's Virus
Prevents the Activation of PKR[J]. J Virol, 2019, 93(19).

L E C Leong, C T Cornell, BLJ M B o P Semler. Processing determinants and
functions of cleavage products of picornavirus polyproteins[J]. 2002: 185-197.

H Meng, X Wang, L Wang, et al. Identification of cis-acting replication element in
VP2-encoding region of Senecavirus A genome[J]. Veterinary Microbiology, 2023,
280.

L G Gimenez-Lirola, C Rademacher, D Linhares, et al. Serological and Molecular
Detection of Senecavirus A Associated with an Outbreak of Swine Idiopathic Vesicular
Disease and Neonatal Mortality[J]. J Clin Microbiol, 2016, 54(8): 2082-2089.

M F Maggioli, S Lawson, M de Lima, et al. Adaptive Immune Responses following
Senecavirus A Infection in Pigs[J]. J Virol, 2018, 92(3).

H L Bachrach, D M Moore, P D McKercher, et al. Immune and antibody responses to
an isolated capsid protein of foot-and-mouth disease virus[J]. J Immunol, 1975, 115(6):
1636-1641.

X Zhao, Q Wu, Y Bai, et al. Phylogenetic and genome analysis of seven senecavirus A

70



S 3k

[47]

[48]

[49]

[50]

[51]

[52]

[53]

[54]

[55]

[56]

[57]

[58]

isolates in China[J]. Transbound Emerg Dis, 2017, 64(6): 2075-2082.

H Fan, H Zhu, S Li, et al. Identification of linear B cell epitopes on VP1 and VP2
proteins of Senecavirus A (SVA) using monoclonal antibodies[J]. Veterinary
Microbiology, 2020, 247.

G H Wang, J Z Du, G Z Cong, et al. [Establishment of indirect ELISA diagnose based
on the VP1 structural protein of foot-and-mouth disease virus (FMDV) in pigs][J].
Sheng Wu Gong Cheng Xue Bao, 2007, 23(5): 961-966.

H Wang, C Li, B Zhao, et al. Complete genome sequence and phylogenetic analysis of
Senecavirus A isolated in Northeast China in 2016[J]. Arch Virol, 2017, 162(10): 3173-
3176.

X Zhao, Q Wu, Y Bai, et al. Phylogenetic and genome analysis of seven senecavirus A
isolates in China[J]. Transbound Emerg Dis, 2017, 64(6): 2075-2082.

Jiangwei Song, Lei Hou, Rong Quan, et al. Synergetic Contributions of Viral VPI,
VP3, and 3C to Activation of the AKT-AMPK-MAPK-MTOR Signaling Pathway for
Seneca Valley Virus-Induced Autophagy.[J]. J Virol, 2022, 96(2): e0155021.

W Wen, X Chen, Q Lv, et al. Identification of a conserved neutralizing epitope in
Seneca Valley virus VP2 protein: new insight for epitope vaccine designment[J]. Virol
J, 2022, 19(1): 65.

Z Zhang, F Yao, J Lv, et al. Identification of B-cell epitopes on structural proteins VP1
and VP2 of Senecavirus A and development of a multi-epitope recombinant protein
vaccine[J]. Virology, 2023, 582: 48-56.

S Curry, E Fry, W Blakemore, et al. Dissecting the roles of VPO cleavage and RNA
packaging in picornavirus capsid stabilization: the structure of empty capsids of foot-
and-mouth disease virus[J]. J Virol, 1997, 71(12): 9743-9752.

M F Maggioli, S Lawson, M de Lima, et al. Adaptive Immune Responses following
Senecavirus A Infection in Pigs[J]. J Virol, 2018, 92(3).

M Chen, L Chen, J] Wang, et al. Identification of a B-Cell Epitope in the VP3 Protein
of Senecavirus A[J]. Viruses, 2021, 13(11).

J Cao, M Qu, H Liu, et al. Myristoylation of EV71 VP4 is Essential for Infectivity and
Interaction with Membrane Structure[J]. Virol Sin, 2020, 35(5): 599-613.

A Panjwani, M Strauss, S Gold, et al. Capsid protein VP4 of human rhinovirus induces

71



PN e R3S

[59]

[60]

[61]

[62]

[63]

[64]

[65]

[66]

[67]

[68]

[69]

[70]

membrane permeability by the formation of a size-selective multimeric pore[J]. PLoS
Pathog, 2014, 10(8): €1004294.

T J Tuthill, D Bubeck, D J Rowlands, et al. Characterization of early steps in the
poliovirus infection process: receptor-decorated liposomes induce conversion of the
virus to membrane-anchored entry-intermediate particles[J]. J Virol, 2006, 80(1): 172-
180.

V I Agol, A P Gmyl. Viral security proteins: counteracting host defences[J]. Nat Rev
Microbiol, 2010, 8(12): 867-878.

Z Li, Z Zou, Z Jiang, et al. Biological Function and Application of Picornaviral 2B
Protein: A New Target for Antiviral Drug Development[J]. Viruses, 2019, 11(6).

A Agirre, A Barco, L Carrasco, et al. Viroporin-mediated membrane permeabilization.
Pore formation by nonstructural poliovirus 2B protein[J]. J Biol Chem, 2002, 277(43):
40434-40441.

H Liu, K Li, W Chen, et al. Senecavirus A 2B protein suppresses type | interferon
production by inducing the degradation of MAVS[J]. Mol Immunol, 2022, 142: 11-21.
B L Semler, H Liu, Z Zhu, et al. Innate sensing of picornavirus infection involves
cGAS-STING-mediated antiviral responses triggered by mitochondrial DNA
release[J]. PLOS Pathogens, 2023, 19(2).

D Sun, N Kong, S Dong, et al. 2AB protein of Senecavirus A antagonizes selective
autophagy and type I interferon production by degrading LC3 and MARCHEF&[J].
Autophagy, 2022, 18(8): 1969-1981.

T Liu, X Li, M Wu, et al. Seneca Valley Virus 2C and 3C(pro) Induce Apoptosis via
Mitochondrion-Mediated Intrinsic Pathway[J]. Front Microbiol, 2019, 10: 1202.

W Wen, M Yin, H Zhang, et al. Seneca Valley virus 2C and 3C inhibit type I interferon
production by inducing the degradation of RIG-I[J]. Virology, 2019, 535: 122-129.

M Jia, M Sun, Y D Tang, et al. Senecavirus A Entry Into Host Cells Is Dependent on
the Cholesterol-Mediated Endocytic Pathway[J]. Front Vet Sci, 2022, 9: 840655.

W Yang, D Li, Y Ru, et al. Foot-and-Mouth Disease Virus 3A Protein Causes
Upregulation of Autophagy-Related Protein LRRC25 To Inhibit the G3BP1-Mediated
RIG-Like Helicase-Signaling Pathway/[J]. J Virol, 2020, 94(8).

X Zhang, Z Zhu, C Wang, et al. Foot-and-Mouth Disease Virus 3B Protein Interacts

72



S 3k

[71]

[72]

[73]

[74]

[75]

[76]

[77]

[78]

[79]

[80]

[81]

with Pattern Recognition Receptor RIG-I to Block RIG-I-Mediated Immune Signaling
and Inhibit Host Antiviral Response[J]. J Immunol, 2020, 205(8): 2207-2221.

S Qian, W Fan, T Liu, et al. Seneca Valley Virus Suppresses Host Type I Interferon
Production by Targeting Adaptor Proteins MAVSS, TRIF, and TANK for Cleavage[J]. J
Virol, 2017, 91(16).

Q Xue, H Liu, Z Zhu, et al. Seneca Valley Virus 3C(pro) abrogates the IRF3- and IRF7-
mediated innate immune response by degrading IRF3 and IRF7[J]. Virology, 2018,
518: 1-7.

Jiangwei Song, Y Guo, ,D Wang, , etal. Seneca Valley virus 3Cpro antagonizes type
I interferon response by targeting STAT1-STAT2-IRF9 and KPNAT signals.[J]. J Virol,
2023, 97(10): e0072723.

Q Xue, H Liu, Z Zhu, et al. Seneca Valley Virus 3C protease negatively regulates the
type I interferon pathway by acting as a viral deubiquitinase[J]. Antiviral Res, 2018,
160: 183-189.

M H V Fernandes, M F Maggioli, J Otta, et al. Senecavirus A 3C Protease Mediates
Host Cell Apoptosis Late in Infection[J]. Front Immunol, 2019, 10: 363.

W Wen, X Li, H Wang, et al. Seneca Valley Virus 3C Protease Induces Pyroptosis by
Directly Cleaving Porcine Gasdermin D[J]. J Immunol, 2021, 207(1): 189-199.

J Song, D Wang, R Quan, et al. Seneca Valley virus 3C(pro) degrades heterogeneous
nuclear ribonucleoprotein A1 to facilitate viral replication[J]. Virulence, 2021, 12(1):
3125-3136.

Q Xue, H Liu, Z Zhu, et al. Seneca Valley Virus 3C(pro) Cleaves PABPCI1 to Promote
Viral Replication[J]. Pathogens, 2020, 9(6).

W Wen, Q Zhao, M Yin, et al. Seneca Valley Virus 3C Protease Inhibits Stress Granule
Formation by Disrupting elF4GI-G3BP1 Interaction[J]. Front Immunol, 2020, 11:
577838.

J Kerkvliet, R Edukulla, M Rodriguez. Novel roles of the picornaviral 3D polymerase
in viral pathogenesis[J]. Adv Virol, 2010, 2010: 368068.

R A Leme, T E Oliveira, B K Alcantara, et al. Clinical Manifestations of Senecavirus
A Infection in Neonatal Pigs, Brazil, 2015[J]. Emerg Infect Dis, 2016, 22(7): 1238-
1241.

73



PN e R3S

[82]

[83]

[84]

[85]

[86]

[87]

[88]

[89]

[90]

[91]

[92]

[93]

P Canning, A Canon, J L Bates, et al. Neonatal Mortality, Vesicular Lesions and
Lameness Associated with Senecavirus A in a U.S. Sow Farm[J]. Transbound Emerg
Dis, 2016, 63(4): 373-378.

R A Leme, F M Miyabe, A M Dall Agnol, et al. Seneca Valley virus RNA detection in
pig feed and feed ingredients in Brazil[J]. Transbound Emerg Dis, 2019, 66(4): 1449-
1453.

S A Dee, F V Bauermann, M C Niederwerder, et al. Survival of viral pathogens in
animal feed ingredients under transboundary shipping models[J]. PLoS One, 2018,
13(3): €01945009.

J Zhang, C Li, Y Meng, et al. Pathogenicity of Seneca Valley virus in pigs and detection
in Culicoides from an infected pig farm[J]. Virol J, 2021, 18(1): 209.

J H Turner, W P Paim, M F Maggioli, et al. Prolonged Viability of Senecavirus A in
Exposed House Flies (Musca domestica)[J]. Viruses, 2022, 14(1).

X Zhou, W F Liang, G B Si, et al. Buffalo-Origin Seneca Valley Virus in China: First
Report, Isolation, Genome Characterization, and Evolution Analysis[J]. Front Vet Sci,
2021, 8: 730701.

M F Maggioli, M H V Fernandes, L R Joshi, et al. Persistent Infection and
Transmission of Senecavirus A from Carrier Sows to Contact Piglets[J]. J Virol, 2019,
93(21).

S J P Tousignant, L Bruner, J Schwartz, et al. Longitudinal study of Senecavirus a
shedding in sows and piglets on a single United States farm during an outbreak of
vesicular disease[J]. BMC Vet Res, 2017, 13(1).

M Rweyemamu, P Roeder, D Mackay, et al. Epidemiological patterns of foot-and-
mouth disease worldwide[J]. Transbound Emerg Dis, 2008, 55(1): 57-72.

R A Leme, T E S Oliveira, A F Alfieri, et al. Pathological, Immunohistochemical and
Molecular Findings Associated with Senecavirus A-Induced Lesions in Neonatal
Piglets[J]. J Comp Pathol, 2016, 155(2-3): 145-155.

R A Leme, T E S Oliveira, A F Alfieri, et al. Pathological, Immunohistochemical and
Molecular Findings Associated with Senecavirus A-Induced Lesions in Neonatal
Piglets[J]. Journal of Comparative Pathology, 2016, 155(2-3): 145-155.

R A Leme, F M Miyabe, A M Dall Agnol, et al. A new wave of Seneca Valley virus

74



S 3k

[94]

[95]

[96]

[97]

[98]

[99]

[100]

[101]

[102]

[103]

[104]

[105]

[106]

outbreaks in Brazil[J]. Transbound Emerg Dis, 2019, 66(3): 1101-1104.

V Saporiti, ] T T Fritzen, C Feronato, et al. A ten years (2007-2016) retrospective
serological survey for Seneca Valley virus infection in major pig producing states of
Brazil[J]. Vet Res Commun, 2017, 41(4): 317-321.

W Xu, K Hole, M Goolia, et al. Genome wide analysis of the evolution of Senecavirus
A from swine clinical material and assembly yard environmental samples[J]. PLoS
One, 2017, 12(5): e0176964.

D Sun, F Vannucci, T P Knutson, et al. Emergence and whole-genome sequence of
Senecavirus A in Colombia[J]. Transbound Emerg Dis, 2017, 64(5): 1346-1349.

K Saeng-Chuto, P Rodtian, G Temeeyasen, et al. The first detection of Senecavirus A
in pigs in Thailand, 2016[J]. Transbound Emerg Dis, 2018, 65(1): 285-288.

J Arzt, M R Bertram, L T Vu, et al. First Detection and Genome Sequence of
Senecavirus A in Vietnam[J]. Microbiol Resour Announc, 2019, 8(3).

Q Wu, X Zhao, Y Bai, et al. The First Identification and Complete Genome of
Senecavirus A Affecting Pig with Idiopathic Vesicular Disease in China[J]. Transbound
Emerg Dis, 2017, 64(5): 1633-1640.

S Maan, K Batra, D Chaudhary, et al. Detection and Genomic Characterization of
Senecavirus from Indian Pigs[J]. Indian Journal of Animal Research, 2021, (Of).

S Qian, W Fan, P Qian, et al. Isolation and full-genome sequencing of Seneca Valley
virus in piglets from China, 2016[J]. Virol J, 2016, 13(1): 173.

C Liu, X Li, L Liang, et al. Isolation and phylogenetic analysis of an emerging
Senecavirus A in China, 2017[J]. Infect Genet Evol, 2019, 68: 77-83.

H B Wang, B Tian, H L Lv, et al. Emergence and complete genome of Senecavirus A
in pigs of Henan Province in China, 2017[J]. Pol J Vet Sci, 2019, 22(1): 187-190.

H Wang, C Niu, Z Nong, et al. Emergence and phylogenetic analysis of a novel Seneca
Valley virus strain in the Guangxi Province of China[J]. Res Vet Sci, 2020, 130: 207-
211.

sAE, TRENAN, FRUE, %5.2016——2018 4 FIE H4H HF 2 8 -0 25 [l i e
1. HE 3Pk, 2019, 36(01): 1-6.

&, 875, TH, 55 2018 FilEmAEH A B3R R MIERATH &
[1]. " EzYR, 2019, 36(12): 8-11+39.

75



PN e R3S

[107]

[108]

[109]

[110]

[111]

[112]

[113]

[114]

[115]

[116]

[117]

[118]

[119]

[120]

ST

BEA, Fiaa, OB, S5 SHRE BN RN RERAT I DU I U A 0],
B HEEE, 2019, 40(12): 73-74.

2N ZEJR R CH-LZ-2017 Bk 8 [ qRT-PCR Kl J7 V& AL [D].
Hf: HRARE, 2018.

J Bai, H Fan, E Zhou, et al. Pathogenesis of a senecavirus a isolate from swine in
shandong Province, China[J]. Vet Microbiol, 2020, 242: 108606.

K Peng, X Yin, Y Chen, et al. Isolation and phylogenomic analysis of two Senecavirus
A isolates in Sichuan Province, 2018[J]. Virus Genes, 2020, 56(6): 785-791.

F Liu, Q Wang, Y Huang, et al. A 5-Year Review of Senecavirus A in China since Its
Emergence in 2015[J]. Front Vet Sci, 2020, 7: 567792.

Z Wang, X Zhang, R Yan, et al. Emergence of a novel recombinant Seneca Valley virus
in Central China, 2018[J]. Emerg Microbes Infect, 2018, 7(1): 180.

J Liu, Y Zha, H Li, et al. Novel Recombinant Seneca Valley Virus Isolated from
Slaughtered Pigs in Guangdong Province[J]. Virol Sin, 2019, 34(6): 722-724.

Z Guo, X X Chen, H Ruan, et al. Isolation of Three Novel Senecavirus A Strains and
Recombination Analysis Among Senecaviruses in China[J]. Front Vet Sci, 2020, 7: 2.
M G Rossmann, Y He, R J Kuhn. Picornavirus-receptor interactions[J]. Trends
Microbiol, 2002, 10(7): 324-331.

L A Miles, L N Burga, E E Gardner, et al. Anthrax toxin receptor 1 is the cellular
receptor for Seneca Valley virus[J]. J Clin Invest, 2017, 127(8): 2957-2967.

P R Chen, R R R Rowland, A M Stoian, et al. Disruption of anthrax toxin receptor 1 in
pigs leads to a rare disease phenotype and protection from senecavirus A infection[J].
Sci Rep, 2022, 12(1).

N Jayawardena, L A Miles, L N Burga, et al. N-Linked Glycosylation on Anthrax Toxin
Receptor 1 Is Essential for Seneca Valley Virus Infection[J]. Viruses, 2021, 13(5).

Z Liu, X Zhao, H Mao, et al. Intravenous injection of oncolytic picornavirus SVV-001
prolongs animal survival in a panel of primary tumor-based orthotopic xenograft
mouse models of pediatric glioma[J]. Neuro Oncol, 2013, 15(9): 1173-1185.

W Liu, X Shang, W Wen, et al. Seneca Valley virus enters cells through multiple
pathways and traffics intracellularly via the endolysosomal pathway[J]. J Gen Virol,
2023, 104(3).

76



S 3k

[121]

[122]

[123]

[124]

[125]

[126]

[127]

[128]

[129]

[130]

[131]

[132]

L Cao, R Zhang, T Liu, et al. Seneca Valley virus attachment and uncoating mediated
by its receptor anthrax toxin receptor 1[J]. Proc Natl Acad Sci U S A, 2018, 115(51):
13087-13092.

Lei Hou, X Tong, , Yang Pan, et al. Seneca Valley Virus Enters PK-15 Cells via
Caveolae-Mediated Endocytosis and Macropinocytosis Dependent on Low-pH,
Dynamin, Rab5, and Rab7[J]. J Virol, 2022.

R Kinobe, A Wiyatno, I M Artika, et al. Insight into the Enterovirus A71: A review|[J].
Rev Med Virol, 2022, 32(6): e2361.

G Xu, S Xu, X Shi, et al. Intercellular transmission of Seneca Valley virus mediated
by exosomes[J]. Vet Res, 2020, 51(1): 91.

K L Baker, C Mowrer, A Canon, et al. Systematic Epidemiological Investigations of
Cases of Senecavirus A in US Swine Breeding Herds[J]. Transbound Emerg Dis, 2017,
64(1): 11-18.

LR Joshi, M H'V Fernandes, T Clement, et al. Pathogenesis of Senecavirus A infection
in finishing pigs[J]. J Gen Virol, 2016, 97(12): 3267-3279.

T E S Oliveira, M M Z Michelazzo, T Fernandes, et al. Histopathological,
immunohistochemical, and ultrastructural evidence of spontaneous Senecavirus A-
induced lesions at the choroid plexus of newborn piglets[J]. Sci Rep, 2017, 7(1): 16555.
WE, 2w, 2%, & EANRFTE A B RT-PCR & 77 & LA H[T]. &
M 2 244, 2019, 50(06): 1312-1318.

V L Fowler, R H Ransburgh, E G Poulsen, et al. Development of a novel real-time RT-
PCR assay to detect Seneca Valley virus-1 associated with emerging cases of vesicular
disease in pigs[J]. J Virol Methods, 2017, 239: 34-37.

J Zhang, C Nfon, C F Tsai, et al. Development and evaluation of a real-time RT-PCR
and a field-deployable RT-insulated isothermal PCR for the detection of Seneca Valley
virus[J]. BMC Vet Res, 2019, 15(1): 168.

C Feronato, R A Leme, J A Diniz, et al. Development and evaluation of a nested-PCR
assay for Senecavirus A diagnosis[J]. Trop Anim Health Prod, 2018, 50(2): 337-344.
A M Dall Agnol, R A A Otonel, R A Leme, et al. A TagMan-based qRT-PCR assay for
Senecavirus A detection in tissue samples of neonatal piglets[J]. Molecular and

Cellular Probes, 2017, 33: 28-31.

77



PN e R3S

[133]

[134]

[135]

[136]

[137]

[138]

[139]

[140]

[141]

[142]

[143]

[144]

[145]

S Mu, S W Abdullah, Y Zhang, et al. Development of a novel SYBR green I-based
quantitative RT-PCR assay for Senecavirus A detection in clinical samples of pigs[J].
Molecular and Cellular Probes, 2020, 53.

Z Zhang, Y Zhang, X Lin, et al. Development of a novel reverse transcription droplet
digital PCR assay for the sensitive detection of Senecavirus A[J]. Transbound Emerg
Dis, 2018, 66(1): 517-525.

B Armson, C Walsh, N Morant, et al. The development of two field-ready reverse
transcription loop-mediated isothermal amplification assays for the rapid detection of
Seneca Valley virus 1[J]. Transbound Emerg Dis, 2019, 66(1): 497-504.

R A Tripp, J Li, W Liang, et al. Rapid and sensitive detection of Senecavirus A by
reverse transcription loop-mediated isothermal amplification combined with a lateral
flow dipstick method[J]. PLoS One, 2019, 14(5).

H Wang, X Ding, W Sun, et al. Recombinase polymerase amplification assay for rapid
detection of Seneca Valley Virus[J]. Anal Biochem, 2022, 642: 114564.

B, WSEREH, FIER, 5. e RAREHEAMR ST HMERRPA)
iﬁﬁ%%iﬁiﬂ!ﬂﬁ%ﬂ@@ﬁm = S, 2017, 34(08): 81-86.

BEGEIE, R, KN, SF. 28 BRI BE AL IS BT I -0 = p 4R
AN 7 VR N[, A TR R 22 R, 2018, 40(05): 406-410.

BHE, B, FillE, % BT AR KRR HE A VPI [AE: ELISA
For il 7745 BV ST R BT, v E TR S 4k, 2019, 41(08): 818-823.

C M T Dvorak, Z Akkutay-Yoldar, S R Stone, et al. An indirect enzyme-linked
immunosorbent assay for the identification of antibodies to Senecavirus A in swine[J].
BMC Vet Res, 2017, 13(1).

R, VRAZRH, ZRES, S A RLIEN RN VP2 BT ELISA Rl ik e
SE[T). BIRTTEANEER, 2020, (14): 87-90.

R, S, ZRER, SE A BUSEN R VP2 B AR ELISA il ik i
SE[T]. R EEEEE, 2020, 50(02): 152-158.

M Bai, R Wang, S Sun, et al. Development and validation of a competitive ELISA
based on virus-like particles of serotype Senecavirus A to detect serum antibodies[J].
AMB Express, 2021, 11(1).

Xueqing Ma , Jiaxin Huang, Kun Li , et al. Development and Evaluation of a

78



S 3k

[146]

[147]

[148]

[149]

[150]

[151]

[152]

[153]

[154]

[155]

[156]

[157]

Competitive Enzyme-Linked Immunosorbent Assay Based on Swine Monoclonal
Antibodies for Detecting Neutralizing Antibodies against Senecavirus A.pdf]J].
Microbiol Spectrum, 2023.

F Liu, Y Huang, Q Wang, et al. Construction of eGFP-Tagged Senecavirus A for
Facilitating Virus Neutralization Test and Antiviral Assay[J]. Viruses, 2020, 12(3).

K Hole, F Ahmadpour, J Krishnan, et al. Efficacy of accelerated hydrogen
peroxide®disinfectant on foot-and-mouth disease virus, swine vesicular disease virus
and Senecavirus A[J]. Journal of Applied Microbiology, 2017, 122(3): 634-639.

S Tan, C M T Dvorak, M P Murtaugh. Characterization of Emerging Swine Viral
Diseases through Oxford Nanopore Sequencing Using Senecavirus A as a Model[J].
Viruses, 2020, 12(10).

F Yang, Z Zhu, W Cao, et al. Immunogenicity and protective efficacy of an inactivated
cell culture-derived Seneca Valley virus vaccine in pigs[J]. Vaccine, 2018, 36(6): 841-
846.

B, B, k1R, A BUEEN R T P12A-3C BN AR R IE FURL I A4 I
TIERIIIFEFC[I]. H E SRR, 2020, 50(07): 861-868.

B Sharma, M H V Fernandes, M de Lima, et al. A Novel Live Attenuated Vaccine
Candidate Protects Against Heterologous Senecavirus A Challenge[J]. Front Immunol,
2019, 10: 2660.

S Mu, S Sun, H Dong, et al. Potent Protective Immune Responses to Senecavirus
Induced by Virus-Like Particle Vaccine in Pigs[J]. Vaccines, 2020, 8(3).

F Almazan, I Sola, S Zuiiiga, et al. Coronavirus reverse genetic systems: infectious
clones and replicons[J]. Virus Res, 2014, 189: 262-270.

B M Kiimmerer. Establishment and Application of Flavivirus Replicons[J]. Adv Exp
Med Biol, 2018, 1062: 165-173.

M C Hikke, G P Pijlman. Veterinary Replicon Vaccines[J]. Annu Rev Anim Biosci,
2017, 5: 89-109.

G Kaplan, V R Racaniello. Construction and characterization of poliovirus
subgenomic replicons[J]. J Virol, 1988, 62(5): 1687-1696.

X Xie, J Zou, C Shan, et al. Zika Virus Replicons for Drug Discovery[J].
EBioMedicine, 2016, 12: 156-160.

79



PN e R3S

[158]

[159]

[160]

[161]

[162]

[163]

[164]

[165]

[166]

[167]

[168]

[169]

[170]

G M Mclnerney, A M King, N Ross-Smith, et al. Replication-competent foot-and-
mouth disease virus RNAs lacking capsid coding sequences[J]. J Gen Virol, 2000,
81(Pt 7): 1699-1702.

F Tulloch, U Pathania, G A Luke, et al. FMDYV replicons encoding green fluorescent
protein are replication competent[J]. J Virol Methods, 2014, 209: 35-40.

I Reimann, I Semmler, M Beer. Packaged replicons of bovine viral diarrhea virus are
capable of inducing a protective immune response[J]. Virology, 2007, 366(2): 377-386.
V Ranwez, S Harispe, F Delsuc, et al. MACSE: Multiple Alignment of Coding
SEquences accounting for frameshifts and stop codons[J]. PLoS One, 2011, 6(9):
€22594.

V Ranwez, E J P Douzery, C Cambon, et al. MACSE v2: Toolkit for the Alignment of
Coding Sequences Accounting for Frameshifts and Stop Codons[J]. Mol Biol Evol,
2018, 35(10): 2582-2584.

D P Martin, B Murrell, M Golden, et al. RDP4: Detection and analysis of
recombination patterns in virus genomes[J]. Virus Evol, 2015, 1(1): vev003.

R C Team. R: A language and environment for statistical computing. R Foundation for
Statistical Computing, Vienna, Austria[J]. https://wwwR-projectorg, 2019.

Y G. Seqcombo: visualization tool for sequence recombination and reassortment[J]. R
package version, 2021, 1(1).

L T Nguyen, H A Schmidt, A von Haeseler, et al. IQ-TREE: a fast and effective
stochastic algorithm for estimating maximum-likelihood phylogenies[J]. Mol Biol
Evol, 2015, 32(1): 268-274.

S Kalyaanamoorthy, B Q Minh, T K F Wong, et al. ModelFinder: fast model selection
for accurate phylogenetic estimates[J]. Nat Methods, 2017, 14(6): 587-589.

F Ronquist, M Teslenko, P van der Mark, et al. MrBayes 3.2: efficient Bayesian
phylogenetic inference and model choice across a large model space[J]. Syst Biol,
2012, 61(3): 539-542.

C Lakner, P van der Mark, J P Huelsenbeck, et al. Efficiency of Markov chain Monte
Carlo tree proposals in Bayesian phylogenetics[J]. Syst Biol, 2008, 57(1): 86-103.

A Rambaut, A J Drummond, D Xie, et al. Posterior Summarization in Bayesian

Phylogenetics Using Tracer 1.7[J]. Syst Biol, 2018, 67(5): 901-904.

80



S 3k

[171]

[172]

[173]

[174]

[175]

[176]

[177]

[178]

[179]

[180]

[181]

[182]

K Tamura, G Stecher, S Kumar. MEGA11: Molecular Evolutionary Genetics Analysis
Version 11[J]. Mol Biol Evol, 2021, 38(7): 3022-3027.

W Deng, B S Maust, D C Nickle, et al. DIVEIN: a web server to analyze phylogenies,
sequence divergence, diversity, and informative sites[J]. Biotechniques, 2010, 48(5):
405-408.

M C Prosperi, M Ciccozzi, I Fanti, et al. A novel methodology for large-scale
phylogeny partition[J]. Nat Commun, 2011, 2: 321.

J Rozas, A Ferrer-Mata, J C Sanchez-DelBarrio, et al. DnaSP 6: DNA Sequence
Polymorphism Analysis of Large Data Sets[J]. Mol Biol Evol, 2017, 34(12): 3299-
3302.

L Excoftier, H E Lischer. Arlequin suite ver 3.5: a new series of programs to perform
population genetics analyses under Linux and Windows[J]. Mol Ecol Resour, 2010,
10(3): 564-567.

S Wright. Evolution and the genetics of populations, volume 4: variability within and
among natural populations [M]. University of Chicago press, 1984.

B T Korber, K J Kunstman, B K Patterson, et al. Genetic differences between blood-
and brain-derived viral sequences from human immunodeficiency virus type 1-
infected patients: evidence of conserved elements in the V3 region of the envelope
protein of brain-derived sequences[J]. J Virol, 1994, 68(11): 7467-7481.

S L Kosakovsky Pond, A F'Y Poon, R Velazquez, et al. HyPhy 2.5-A Customizable
Platform for Evolutionary Hypothesis Testing Using Phylogenies[J]. Mol Biol Evol,
2020, 37(1): 295-299.

B Murrell, S Weaver, M D Smith, et al. Gene-wide identification of episodic
selection[J]. Mol Biol Evol, 2015, 32(5): 1365-1371.

J O Wertheim, B Murrell, M D Smith, et al. RELAX: detecting relaxed selection in a
phylogenetic framework[J]. Mol Biol Evol, 2015, 32(3): 820-832.

S L Kosakovsky Pond, S D Frost. Not so different after all: a comparison of methods
for detecting amino acid sites under selection[J]. Mol Biol Evol, 2005, 22(5): 1208-
1222.

B Murrell, S Moola, A Mabona, et al. FUBAR: a fast, unconstrained bayesian
approximation for inferring selection[J]. Mol Biol Evol, 2013, 30(5): 1196-1205.

81



PN e R3S

[183]

[184]

[185]

[186]

[187]

[188]

[189]

[190]

[191]

[192]

[193]

[194]

[195]

[196]

B Murrell, J O Wertheim, S Moola, et al. Detecting individual sites subject to episodic
diversifying selection[J]. PLoS Genet, 2012, 8(7): €1002764.

G Baele, P Lemey, T Bedford, et al. Improving the accuracy of demographic and
molecular clock model comparison while accommodating phylogenetic uncertainty[J].
Mol Biol Evol, 2012, 29(9): 2157-2167.

M A Suchard, P Lemey, G Bacele, et al. Bayesian phylogenetic and phylodynamic data
integration using BEAST 1.10[J]. Virus Evol, 2018, 4(1): vey016.

D L Ayres, A Darling, D J Zwickl, et al. BEAGLE: an application programming
interface and high-performance computing library for statistical phylogenetics[J]. Syst
Biol, 2012, 61(1): 170-173.

R Bouckaert, T G Vaughan, J Barido-Sottani, et al. BEAST 2.5: An advanced software
platform for Bayesian evolutionary analysis[J]. PLoS Comput Biol, 2019, 15(4):
€1006650.

A J Drummond, A Rambaut. BEAST: Bayesian evolutionary analysis by sampling
trees[J]. BMC Evol Biol, 2007, 7: 214.

FigTree (version 1.4.4) [EB/OL], [2018]. http://tree.bio.ed.ac.uk/software/figtree/.
N F Miiller, D Rasmussen, T Stadler. MASCOT: parameter and state inference under
the marginal structured coalescent approximation[J]. Bioinformatics, 2018, 34(22):
3843-3848.

M B O'Neill, A Shockey, A Zarley, et al. Lineage specific histories of Mycobacterium
tuberculosis dispersal in Africa and Eurasia[J]. Mol Ecol, 2019, 28(13): 3241-3256.

J Huerta-Cepas, F Serra, P Bork. ETE 3: Reconstruction, Analysis, and Visualization
of Phylogenomic Data[J]. Mol Biol Evol, 2016, 33(6): 1635-1638.

O B Brynildsrud, C S Pepperell, P Suffys, et al. Global expansion of Mycobacterium
tuberculosis lineage 4 shaped by colonial migration and local adaptation[J]. Sci Adyv,
2018, 4(10): eaat5869.

E Simon-Loriere, E C Holmes. Why do RNA viruses recombine?[J]. Nat Rev
Microbiol, 2011, 9(8): 617-626.

M M Lai. Genetic recombination in RNA viruses[J]. Curr Top Microbiol Immunol,
1992, 176: 21-32.

K Saeng-Chuto, C J Stott, M Wegner, et al. The full-length genome characterization,

82



S 3k

[197]

[198]

[199]

[200]

[201]

[202]

[203]

[204]
[205]

[206]

genetic diversity and evolutionary analyses of Senecavirus A isolated in Thailand in
2016[J]. Infect Genet Evol, 2018, 64: 32-45.

J Liu, Q Guo, H Li, et al. Genomic diversity and recombination of Seneca Valley
viruses emerged in pig herds in Guangdong Province during 2019[J]. Virus Genes,
2020, 56(5): 642-645.

L R Joshi, K A Mohr, D Gava, et al. Genetic diversity and evolution of the emerging
picornavirus Senecavirus A[J]. J Gen Virol, 2020, 101(2): 175-187.

M H V Fernandes, M F Maggioli, L R Joshi, et al. Pathogenicity and cross-reactive
immune responses of a historical and a contemporary Senecavirus A strains in pigs[J].
Virology, 2018, 522: 147-157.

H Zhang, P Chen, G Hao, et al. Comparison of the Pathogenicity of Two Different
Branches of Senecavirus a Strain in China[J]. Pathogens, 2020, 9(1).

JJiang, Y Zha, J Liu, et al. Isolation and evolutionary analysis of Senecavirus A isolates
from Guangdong province, China[J]. Infect Genet Evol, 2021, 91: 104819.

N J Knowles, L M Hales, B H Jones, et al. Epidemiology of Seneca Valley virus:
identification and characterization of isolates from pigs in the United States[J]. 2006.
M Yang, R van Bruggen, W Xu. Generation and diagnostic application of monoclonal
antibodies against Seneca Valley virus[J]. J Vet Diagn Invest, 2012, 24(1): 42-50.
R, A RIZEA R 3C EEEIThRERT T [D]. M 30K, 2022.

Y Liu, Z Zhu, M Zhang, et al. Multifunctional roles of leader protein of foot-and-mouth
disease viruses in suppressing host antiviral responses[J]. Vet Res, 2015, 46: 127.
BIEE. A BZENRRFHBORNE L L EARDIREM A [D]. @I 0K,
2022.

83



	摘要
	Abstract
	A型塞内卡病毒研究进展
	1 A型塞内卡病毒概述
	1.1 SVA的发现及命名
	1.2 SVA的粒子结构
	1.3 SVA的基因组结构及主要功能

	2 A型塞内卡病毒的流行病学
	2.1 易感动物、传染源及传播途径
	2.2 国内外流行情况

	3 A型塞内卡病毒的感染机制
	3.1 细胞受体
	3.2 感染周期

	4 A型塞内卡病毒的临床症状及病理变化
	4.1 临床症状
	4.2 病理变化

	5 A型塞内卡病毒的诊断及预防
	5.1 诊断技术
	5.2 防控措施
	5.3 疫苗研发进展

	6 复制子技术
	7 本研究的目的与意义

	第一章 A型塞内卡病毒的演化分析
	1 材料与方法
	1.1 序列数据
	1.2 重组分析
	1.3 系统发育分析
	1.4 遗传分化估计
	1.5 特异性氨基酸分析
	1.6 选择压力分析
	1.7 演化动力学分析
	1.8 系统地理学分析
	1.9 迁移率分析

	2 结果
	2.1 重组分析
	2.2 系统发育分析
	2.3 选择压力分析
	2.4 演化动力学分析
	2.5 溯源分析

	3 讨论
	4 小结

	第二章 A型塞内卡病毒L蛋白的单抗制备和功能研究
	1 材料与方法
	1.1 生物材料
	1.2 主要试剂与耗材
	1.3 相关溶液的配制
	1.4 主要仪器和设备
	1.5 重组蛋白的原核表达
	1.6 小鼠免疫
	1.7 细胞融合与亚克隆
	1.8 单克隆抗体腹水的制备
	1.9 单克隆抗体的生物学特性鉴定
	1.10 SVA L蛋白的亚细胞定位
	1.11 SVA L蛋白的功能研究

	2 结果
	2.1 重组质粒的鉴定
	2.2 重组蛋白的表达纯化与鉴定
	2.3 L单抗腹水的生物学鉴定
	2.4 SVA L蛋白的亚细胞定位
	2.5 L蛋白的氨基酸序列比对
	2.6 L蛋白突变感染性克隆质粒的构建与鉴定
	2.7 L蛋白突变病毒的拯救与鉴定
	2.8 L蛋白突变病毒的滴度测定
	2.9 L蛋白突变或缺失对SVA复制和转录翻译的影响

	3 讨论
	4 小结

	全文结论
	参考文献

