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TR RIZhYieE. HENEE. R WE A
b, N T AR R, KT /R BE(David
Baltimore) iR 4 {5 f#RNA (message RNA, mRNA)& il
T A ERAL T — AR FE KI5, BIER I EE R
B RRG, ZITEARE ST, 2 BT L
—FR I TEE DL ZRGERNAR TSN
XUEERNA (double-stranded RNA, dsRNA). IE#RNA
(positive-sense single-stranded RNA, +ssRNA). fi%
RNA (negative-sense single-stranded RNA, —ssRNA).
PABERNA M 3% 3¢ 9% F (single-stranded RNA retro-
viruses, ssSRNA-RT)! !,

1.1 EERNAYJ &

RUEERN A £ 1 5 K 41 HH 5 2% BAMIRNA %> ¥
MR, TERORR R4 . FEENTE TAU)E, A% H
KIHRNAIRNA E Al (RNA-dependent RNA  poly-
merase, RdRp), Bl WA REF VPR H, LLE & IE#
BB R L) BANEE,  H R T UBERNA G R
(¥ IEEERNAR LM ImRNAR TG R A5, e
A I AR B (A R A
10~12 T BRI XUEERNA, BATXUZAKTE4 1, R
AR FE. dsSRNAJK 1 — W RHE R B AR 42
KFENBEATdSRNA v B s, BT e O B2 o B hL 1
LER I — R3O dSRNAJR B A& — 212 40 A5 10
B, TRV, MY, BB AR S 2 M A
Y. A7HdsRNAJHFEA] LS R B A5, Bl indeik
T3 7 (rotavirus) il i 4L/ b R A1 B AT 51 i B %
BT 5 S50 5 ) LRSS A A0 £
(mammalian orthoreovirus)n] BA 5| &g A W W T8 J& Gt |
i 9% LA B 33 53181,

1.2 [F4%RNAYEH

IEFERNAT # /2 — R /N2 % 0 5 R
BOREERL TR BERESE 2 AR R 40 A0 (R
JEAR. BATCAIE CRNASREEVE ALY TR, gmid ) L
S 2 LR AR R, R R IR 2 RO SR )
PR 2 —. HIE SUEERNAGE N 40 5 AT B34 N
mRNAFIEEH, BLRIRpA MAEERNA; BE 5 PL
HEBNR, FERARpAEH T & il A2 5 i) 1 B 3 PR 20
RNA, T 58 7 25 3 R 20 10 52 (1 B) Y. i st 7
PN NEATLERTRE S A ML A R YT i 35 Ui
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FEJ(double-membrane vesicles, DMVs)H, ‘B4 1HL T
RNA R il i 2 I £ 47 XUBERN A K ] v ) 4k 4 52 5 K
RS AT

LR IEBERNA 8 2 — R 5, B 5l
i # SERRI 25 A fiF (severe  acute respiratory  syn-
drome) FISARSHH 8 5 #2 H AR IFIR 255 1iE(Middle
East respiratory syndrome)fJMERSJ# &A1 5] 220198
R RERIPE BRI K TEAT (10397 7L 995 75 (SARS-CoV-2)H1.
SARS-Co V-2 & HJFE K 21 21930000 nt, & FAFEIE X
RNAJH 1 CRTRKRISERIZH. HE PRI o 70%
RNAZIE P A% & Applaflipplab, XEEL E AN T
RN A K il A6 PR 55 (0 AN 2 28 W26 [ A mRN A
(sg-mRNA) K 52 75 1. X282 8 A iuim il py b
B g A B B T e R R AR S A B
(nonstructural proteins, NSPs), 777 & 1B GL A1 & | o
RAE/E RN

XL R 20 0 N SRR FEE g, IR EUR
LU IR AL 41, SARS-CoV-27E 1 S
WAL HE, ME e T RFEN A miE, S8 rE8an
NHIBET; SO R I B4 I 2995 55 (hepatitis C virus,
HCV)E G NBEE S INT200 75 N, JLIB G 7 R T
Wid . FFaefss . FrohRe sl E B0t W iE e i
(enterovirus) A i 5 2t 8 N2 fi L)) i
B B8 T4 9% B (poliovirus) 1 12 AN HHAX 2R 40 #i,
TR R s gi i, R 5] R S BRI S e K

A

1.3 f5ERNAY R

FUEERNAJ 85 UL FUBERNANIBAE Y, DA
oA, HAEHNGE ARG, BRI A B SRIRp A
HUEVRNA R & I mRNA, B IESERNA; FLLIERE
RNANAAR & i EAMEERNA  (cRNA), [A]I DL IE5E
RNANHGSEABATRI =R R O, e 2T
B AR EE 10! FUEERN AT 75 1 JE R A
PLE HRNAME AR, 1M /2 B % 8 H (nucleocapsid,
N)IIVF 2 #8 DU 2T R, T8 R e B A A% B A% B
HARERNPY) GEERN AT 75 MR 45 Hom 2 5 R 41 2
BBk AW JET B H (non-segmented,
nsNSV)FIZL 5 B H (segmented, sNSV). JEFTBUR#E H
BE DR BEOVURF RN IER IR R BIREUR
BRI R R AL S W EE) R R 48
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# 1 RNARHR#HHK
Table 1 Classification of RNA viruses

R REtwE R OUT REmA Wk R fu
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SRNA  FURFFARE dowsE 100 TAREESA G Nepbg mn R, . i
(NS3A) ERL 4 Sy
T— s e TR A RIE G
wansa s THEEIEE g e vey WAS ORI e st
= ! 04
cokpeig. BRNBIRG G
PREG  ERERER 56 mEEen) Ak sx SR g Spimeon e s
OB e i
o SIS LAY
SSRNA WA LRBEF 189 URATL)  Gry il AR, RATK RS
* ¢ SR
ey, AU LA
mawS  RREER 9 mEees)  wdsw ST wEmRRRA SR, R
L
i " MR TR, BRI S0 R 5
AR ppammn o7 BEBER e T ecknnh e il iR
RNART o B PO TR
SS - 5 =A G 2 3 4 ) N
EEn s, SRFTUVEKLE R

GO W ER 7.8

(ENV) B A% 4

LR PEERRE TR, RS
BET R )

R R LRI B R (i Sy R B ). IR AT A
B—PKRNAZE KA, gz bsFha [, T
N3-A%E B N)- 8 E (P)-ZE i (M)-H & H/(G)- KE A
(L)-5', LYiSRNAKIRNAR &HE. 245 BU%# H
A 3AEL, Hd YRR B R AN B b AR
), B WRTEHE 3 B (R A i 5), 1IEFR
TR 6~8/FE PRI 28 B (it B 75 )18 1)

T B BEERNATG B R g N B30, S
ANFIFEEE G ARRE R, QnmpiR i e g . H afm FA R 28
e, Hodr, BRI ER ER(Ebola virus)Z& — R EAE
PERIH AV EE, RER FENKAEFE N R KB
KIEFET O JERIp5 5 (rabies virus)fe —FifH & R
GUEE, e IE S B AL R, SRR
SR S AN A N IR B 9 2 R T B A
PR DL IE R, 2 51 R SR Y LAN G e
)RR B e, 2 SROp R kY b

RNAJR A MR Qe MR AEY), fa AL, ik
FEE MG, Hrh, TR R AN LT A B
e 2 R/ A R NN T =N T AN T
WE, FERMLAER Erfa B ER. eI AET
R BV SRR RN R S5
A L AR Sk, RN AT I A 25 X BOW ML AN
EHURHLR], BT ACA R A G 7%, T
DREE AR AR 7 R 22 4 B LR X

1.4 HEERNAGY 3 R0 5

FARE RN AT % 5505 55 /2 — 2R LA 26 AH 7] 19 5 i
IEEERNAE B AL DI 8, AT S A s 10
Haad i, RURNAWA 2 ADNA, 25K DNAR S
g g ek 1P HERAEE =AFER
Gt LR gag, polfilenv. gagHk[RI 4T i % 0 iR
H, BFEKREA. KR EAOMZERS, polktH
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Bl 1 DUSERNAT T 3 K 4 R ) A Fed 7. A RO 9 St O dsRNAJR B, FLJE PR 4 1h 22 775 U L ARdSRNA 720
i, B3 SUBERNARE 3 & FRmRNA, IEAERNAJR T /EAmRNAGH S 4 £1, HAERARp & Ak T {EUHERNAL). B a7 251
T (+)ssRNAW B, HAEKIZARNA (gRNA) MR RURREIUS, B P Fr S HIiE 2 B & H, pplafipplab. Nsp37Fl]nsp5 H i
pplaflpplabVlE i 16FAELE M H, HBEMERIEREEY), Hrhnspl2IF3E A RIRpLEHIIE, #Ensp7 Mnsp8 I HBh T {4k
RNA & . RTCsitt— ;F’E%Uﬁ$¥4thNA$n%iF$sg mRNA LR 2 Fh 451 8 AP C: IAVJE T-(—)ssRNAZ 5 BUw 4, B
A8, AL A R A SR, i BIMAINS ] A A AT AR BT 45, 362 10FmRNAs, 9ih 17005 55 82 F, #5405
PRI D HIV-1E 9 ARF LR (+)ssRNA-RTH 2, H A DRI A 5 /4 () 0T 0L LEBERNA 77, AT 38k e S tofy
PRI 2L RN A 4 57 9 cDNA -1 o 58 2 b FL B8 )7 3 6 (R 2 )
Figure 1 The genomic replication process of four types of RNA viruses. A: Rotavirus, as a typical dSRNA virus, has a genome composed of multiple
segments of complementary dsSRNA molecules. It synthesizes mRNA through the transcription of negative-strand RNA, and the positive-strand RNA
can also serve as mRNA to translate viral proteins, relying on RdRp to synthesize progeny dsRNA'?!. B: The SARS-CoV-2 belongs to the (+)ssRNA
viruses. Its genomic RNA (gRNA) is released from the viral particle and translated into two replicase polyproteins, ppla and pplab. Proteases nsp3
and nsp5 cleave ppla and pplab into 16 non-structural proteins, which assemble into replication-transcription complexes (RTCs). Among these, the
nspl12 subunit, featuring the RdRp domain, catalyzes RNA synthesis with the assistance of nsp7 and nsp8. The RTCs further replicate to produce
progeny gRNA and transcribe to produce sg-mRNA for the translation of various structural proteins™!. C: Influenza A virus (IAV) belongs to the
segmented (—)ssRNA viruses, with 8 segments replicating and transcribing in the cell nucleus. Two of the segments, M and NS, undergo alternative
splicing, and 8 segments collectively produce 10 kinds of mRNAs encoding 17 viral proteins, which are translated in the cytoplasm!'>'®!. D: HIV-1, as
a representative (+)ssRNA-RT virus, has a genome consisting of two identical or nearly identical positive-strand RNA molecules. It reversely
transcribes its genomic RNA into cDNA through reverse transcriptase and integrates it into the host genome by integrase®”!

IR AWM ARAMSEZ ISR DNAKGRE G MNEEDNA, A H#EATE E 4R
H; envIE RN ST RERIMEEAMBEEEASE  F4, SJaEbiE LA EARNAZ A1 ADNAK KA
AR . R RN B, SEMH B SR I D HmRNA, BGRB8 )
P 5L R 2 BERNAS 6 5 cDNA, KSR Ealille AU (EI1D)> ),
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5] L SRAT I T P28 R B £ B AE RN 2 G 28 SR I 75
(human immunodeficiency virus, HIV)Z* A &M 35
SR EE. HIVAT LB M fd . g ofn B 2 ik 1Ak
%, HBERPESWIANER RERSR, FHNEES 2
B & PRGN IR 228, H T IR B AR A
JiiE. SO B 198 T IRKILLLK, C&iEms 14
35005 NFET:, HETIA 213800 5 NEKGLHIV. 3k
HITAT AMLBU G N R B R A dr, et fIE
Gk 7 BERRI A EA L2 & 5% 8 (avian
ieukosis virus)d: EE g0 Ry fE 2 5] R AR KGR
Gz, SO A TE R K B IS L R T R, PRI RS
2P L, XS RIBE T2 N, 4598 @k k& it
k.

2 P RNARN LK AL 15 ERNAR IR

TEEAZAEYYF, HRNARAEI A4 [fpre-mRNA
FEL IS AR I e 7] AL B 4% (alternative splicing, AS)
PLAS AR I BRI R IR IR — RV R G, £k
BAIMRNA. BbAk, 112 g ARG 2@ i RNA S 4R
KICERNAKI ), B TRNAME . feé&, SR
BHIRE A, mRNAA RERHTRIBE S R . BEAk,
RN A [ B At 5 1 428 155 8 7 S AR IR /K b i 5
EER.

RN AT 85 1) J (R 20 J L e AR ] e 2 52 3 15 &
AU AT S FRNAD TRt R e m. RIS,
St Z ML TE BRI RRL, DA T 2 S
FikEEpUR RN, A KEWHAER 7AW
AT SZ M 40 B 5% 5% . mRNAJN TAIAZ S H . mRNARE A
R AOHLAIC, RN TR 2 RNA S 25 8 (1 0]
Z 5ix e ik £2, XFF0 B AR AN R AR ) 2 )
T, R Sl A 975 75 1) G2 B SR ML A6 R 1 32 R POvs 75 4
97 B AL, #EA B R RE . Bk, A1 E
7 TR RNAG #8215 B fERNADN T4
T e = 2R AR A DL R 52 B 5

2.1 RNAJHE 581

B T W SR R, RIS RNATR 55 R AN 2
NfE B4R, Bk, e85 AR R AN~
LI AR BTN, SR, AU R A R 9 R
BRI A 26 B B IN THLAR P 2R R SR AR I %

RNAJG #.

L 95 B B (influenza A viruses, IAV) 41,
FE R4 P 8N B BE A CRNA Y BRdL i, Zwtidh 10 32 2
WEEAMFZHEEA. Hhb, MAINSHFREE
RNA R B 247898, 20l AE M I FIM2 mRNA, LA
JNSIHINS2 mRNA (E2A)P%. M1gwtisM1EE R EH,
M2 B FiBiEE . M1 mRNASH BT D B 1)
RNA3FIM4 mRNA, 4375 45 A H01 Th g 1 F Ik FTM2 1)
B ARIMA2PBL Ak fE R TR R R AP T MA
B LA S AARNASPY. NS1 mRNAZ# S AE45 )
HFENSL, VE TR IETORIRT U i i o 25 B,
FiE 5 2 Fh ML 52 mRNA R BT 422 A3 K 3 b . NS2
mRNAZWAINS2/NEPHE H, "B 7E A B 2 R 4H &2 1| i
FERNPAZ i HH 7 T &A% A P

IAV mRNAMBIEARM T 18 LB RS, HAl
O H 2 MS 5HFTIAV mRNA B HE ) 874230 15 5
F, BIEBTHER T2 (splicing factors 2, SF2). #Z WAy
— I HEZE AK (heterogeneous nuclear ribonucleopro-
tein K, hnRNP K)FIV/E% 7ENS 1455 4 H (influenza
virus NS1A binding protein, IVNS1ABP). NS1£5 H 1] 4%
AM1 mRNA, HHEZENSI4iGHEH, /5% 5hnRNP K
46, M1 mRNAFEIZ F|# BT (nuclear speckle). %
R EW A BIZPER, NS1# S, haRNP K 5U1Z /)
R E F (UL snRNP)P, 5SONE [ 3L FMEHEMI
mRNABI#Z M2 mRNA (/&2B)P*). SRSF5/{RRM24%
M3 A B 455 M1 mRNA, 3£5U1 snRNPEAE LR
M2 mRNA =4, TR Jé 55§ (anidulafungin) /& —
Folt LA E A HT I 2590, 1 NSRSFSIIFMHIFI, Al 2L
BHISTIAVZE R AR Y 1 B H15%. H ATaF 78NS
EXHI BT e FEANERZ B, SF25NS1T mRNA #H %
JE [1535~54 117 B 1) 4M i ¥ B FE 14 58 1 (exonic splicing
enhancer, ESE)45 4, 121 TNS2 mRNAK =4, 3+ H.
ASA0GRA i E W SF2 5ESEIZE A, SHMELZK
NS2EE FE R R WIFRIE. A&, NSIEEA5SF2
EA B OIS ANS] mRNA, f#H| HETH2, NS15E
[ fig LA S Ao 1 77 SRR EN'S2/NST mRNA 1) LE .
TEIRFRI G L, 4 A% sy K IRINS 1 AT R ik —
ST R R (R IE TR R PUR R R RE, N
TR 397 785 A2 61200 NS 1R (1 3 i/ F S5 SF2 28 A1
A BEAE FA B354, DABEEZMINS2FINST mRNAFY)
RO RO A, 3 b P47 ] R 2 M i 5 2 ot A BT 0 AS [
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A M segment NS segment
11 51 145 52 4 2
2 2220 220 1027 nt S 22 890 nt
252 aa
M1 mMRNA = A(n) 230 aa
--------------------- 97 aa NS1 mRNA = m— A(N)
M2 mMRNA =i ] - A(n) ______________ 121 aa
_____________ 9 aa (predicted) NS2/NEP mRNA =i L = A(n)
RNA3 me-s==="777 T e A()
_______________ 99 aa
M4 MRNA s = A(Nn) CDs
RNAS s -+~~~ Aln) . Splicing
B C
BRI il
- (—
- 125 o DENV RBM10 il
- = Nuclear speckle ~ RIG-I > RIG-I
g Ns1 IVNS1ABP U1 IVNS1ABP: ™ 1
n — % e
” SRSF5 @ e - NSP16
M1 mRNA M2 mRNA o - S — —
N1 IVNS1ABP ) — o A
NV anRNP K NS1sF2 TRA2A Z, . RETLEE \J N
l 7 S=7Remi0 K
M1 mRNA 1 ’ RBM10 knockdown  \{'UT jq&me |
A, SRR ¢ U
NS1 mRNA gmnPB2 NS2 mRNA !
GBdE=2 |Exon 3/-Exon 4HExon 5/{  RBM10 overexpression
REDRMU) SAT1 pre-mRNA
B 2 30 R I R AR BY RN A R R B BT A, A JiEs Ak IR A PR BEMAINS A [ B 42 B (RR 418 STk [35,36] 1%

20). B: Jit/E R TERNA BT 42 1Y) 14, NS 1A [ 7 455 M1 mRNA, JRHHZENS1456 8 1, f58 5hoRNP K454, 1M1 mRNAFSIZ 3]
PR A2 A M BIRZ BRI, NS1#ZES, hnRNP K#5£U1 snRNP, 55SONZE (1L A2 M1 mRNABY4% M2 mRNA. NS14
F 5 SR [A 7 SF2A7AE ELEAH HAR R, IREFHATNS] mRNAMIEH2. RED-SMUIE AW TRA2AFIHINST mRNAF B4
C: [EJDENVHISARS-CoV-2 1115 4l 1 11y BT 244k DENV A% {INSS 75 3 RBM103@ i & 11 B4 B, AT 5O SAT 1 B
#5773, SARS-CoV-24i i (FINSP16 1] 45 5 BYHEAAU L ATU2, I TPt 545 K AT 22 85

Figure 2 Alternative splicing of the influenza virus and the splicing changes of host cells in response to viral stress. A: Different isoforms of the
influenza virus genome’s two segments, M and NS. Modified from refs [35,36]. B: The regulation of RNA splicing of IAV. The NS1 protein binds to
M1 mRNA and recruits the NS1-binding protein. The latter binds to hnRNP K and translocates M1 mRNA to the nuclear speckles. When the complex
is located in the nuclear speckles, NS1 dissociates. The hnRNP K recruits U1 snRNP and promotes the splicing of M1 mRNA into M2 mRNA together
with SON. The NS1 protein directly interacts with the splicing factor SF2, which might hinder the splicing of NS1 mRNA. The RED-SMU1 complex
promotes, while TRA2A inhibits, the splicing of NSI mRNA. C: Splicing changes in host cells infected with DENV and SARS-CoV-2. The NS5
encoded by DENV induces the degradation of RBM10 via the proteasome, thereby altering the splicing of SAT1. The NSP16 encoded by SARS-CoV-
2 can bind to the spliceosome Ul and U2, thereby interfering with the global alternative splicing of the host

M BCA BT AL, AR, JREERNAR A EEPB 1 AIPB24H 55
RED-SMU1E &%) NS1 mRNABT#, SMU1E
REDRE S MHI B, &5 sINS2E /K RF%, 5m T
WEERNPH A, WD 79 3 B0k 72 A= (1&12B) 2L
NS1AINS2 8 [ AR K 7] g S B 1 25 75 2E i JE
WIS IR Bk BRS04, LAIE S 32 40 P9 1)
WETAR L.

TRA2AHZIAV mRNABIEZ (T A7, Refpim
HiRAIIAV MIFINST mRNA F [N & T 5808k 1
(intronic splicing silencer, ISS)HH|BY 4%, M ifij 52 MIM2
AINS2E AMERIE. ABKE, SIHIAVETRAEMI
mRNA _F[WISSICH, 5% T M1 mRNA R BYHFAIM2 8
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1, FEAK TNST mRNARBIEEMINS 28 H )31k, AT
T4 975 2 5 A 003 T RS 2 1 A A 10,

15 - FE RImRNA (1) By 20 n] 3R 2 & . 1
1, 2 5RNAKJF IS ANP32AE A [R5 2 5
PRI R/ S SRIAV R A B DI Re LA 5 HAERE /1
GEEFEREMNER, REERP-ISEWHTIAVIHE
FIFALSE. EAMURIAV R SRR ST RN 7, 2
HESITAV S W F 4 3 A o A 2 2R K Y. RAFRNA
P 25 P ) AT AR YRR I B0 L, ARV 2 B
— AR & AR T 18 E A BT R SRR R
TR R IR S ME R E O B A 2w IR/
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R 1) R 1 LA S AN 38— M W A B 1 2 mRN A Y
FEWLES A R R T AT X, AT 51 R 32 A s ]
AR RAR AR SR, A W% B ) B A B
HREEANMEEER . e EZE S 5
B 1 32 AR BY B 1K 4 TR I RS OR & — K
Bhiig.

TE IR i A% RO 5 21 1 BY 42 028 BT RS EH PR AR L
HISL R SRS —J7 T, 7T BE A F e 24 BY R R (1
T\ 4t WAMEA SURRTEIE, 75— 77, T ReS
RS T AR B e RN O, 2R R s
B ) R DR SR . BN B 1 P A R R SR B IR
(KT, W6 i 3 005 2 2R 25149, 54, RBMI10
YER—FhUm BB 82 R 7, T LAV SAT 1k £ 1%
BUEE, PREIDENVIIGSE. o RIS FIHENSS, HE
RBM 10 B AE A, i 8 w40 i 1 g X B A%
RBMI10E /K, BUAESATIBT A, w] LAE 35 35
H5H. RBMI10iL# S 5% FERNAMIRIG-TH AR, {2
RIG-IiZ &1k, WS TR AAER FRE, RIEDUR
TS ok AR R I, AR — i
9 AR S R B, FE H S M TS DNATR
1 R AT K.

B — D AR S TR AN BRI i, A
5E T SARS-CoV-24mh5 127F 25 1 5 NJSRNAMIAH B
TEF, RIL0FETEE (R85 T b g5 A BN
mRNASAEGRAGRNA, AF55 752 SmRNABIE: . #i
PR A TR is i BT A snRNA . A HEArRNAFI {5
SN ERI7SL RNA. HH, NSP16REE 45 A 2 By 2k
RNAPUTFIU2 [ mRNA R FI AL A5, AT FHPEmRNA T
BRI AR (B20). 383 HAE RNAIN FF 16 75 1%, A 3 0E W
TNSP16/{ A B SARS-CoV-2 K YL fe s S 8 r =
AR PEFImRNABY B2 575, I8 R IINSP16/1) B B4
VB FH fi6 0 B AL 1 3 40 R X9 25 R 1 TP 2R s i 147,
HAEAEE R, XECLIP-seqSL b /& 78 i 2 iA 4 &
R A RSO TR, T RS S E R R
QTR E S, AR, % 5RNA-seq, CLIP-
seq, GRO-seq% % H =5 /b, WS i T B ik L
1T R AR B A R LB, IRAIRNAL & 5
HS5RNAZ A EAE, A BT 3% 8 & A Wi 110
5 EmRNARI B L FE. ln, 888 A ] oo
BB R TR PE, BRSAHOCRNASS M EAE, M52
BURRERENE. 1K 2 YEFE IR BT 7 vT B R PR T

BRI XT A  BY AL (1 L% m A 4 S e DA K 4B 1
TR E AR T AL R R g e 2 —, tBATRE
BT PUR R T AL

2.2 RNAW#H5ZREHRL

EAZAEY)pre-mRNA 113" R iy il T2 —Fh 58 5
AU TP R, FEE B UIEIR 2 R E R
e S PE R F(cleavage and polyadenylation specificity
factor, CPSF)E AWML II3 AR V) E] s B FIRNA K
Ui 1) 2 B R AL 4L Y. CPSFE &4l it 1 7 %
FHRF R 1L1E 5 (polyadenylation signal, PAS)5FRNA
iAo as in Tt A2, A) A8 2 B IR R 1 (alternative
polyadenylation, APA)ifid 1% £ A [F] I PASHL s ) I
WiipolyAB S, MM TTmRNAK S, F=AAFEKE
(3" UTR, HETT2m AR E R s AL el sk . it ot
R, ZFEEE ] DLSCRTE EmRNAM 2 R R
IR R IR FE.

FKIENE D % 995 F (vesicular stomatitis virus, VSV)
B, KRZ2H3INTHFRRIEKE TR, W
CPSF30, CFIm25, CFIm68, CPSF160, CstF50,
PABPCA4%%, M\ TS 204 Jk DA 25 905 [l pA) (13 ity e 6 2B
AL gE R (Zika virus, ZIKV)EKGAEFIEG3 4N
P 229N PR 3" UTRAE K (G046 5 15 7 g2 S N AH
KHIFER . 269NN K3 UTRGEHE (T EET 5
mRNABJEAIN TAH G R [R]), 1X R APAT] Re 2%
SR 2EL I 7 6 3 B B 5 50 AR, R AR
B2 52 R FRCE L HAE £, WRSVIEGY
FN/INE B RN A-seq 7 T 278, 905 FE Al
KA T APAZRAY, 31X e Ik PRI A A 4 R B R 4 AR
SR G P28 SR A7 R B o 4 B i 2 IR e 5 B 4T g
HuR 2 1 A 20 A% 20 40 o (9 255 f7, P HuR 2
W [ pre-mRNA [ ] AR 22 5 JI 7 1% A0 AN B 42450 203
KA T AP COVID-194# 1, CPSF2, PAPOLG,
FIPIL1FIPCF 115537 TR ¥Rk 3 b JF, P2 /EAPA
(I R 5 R R s [ LI RR AT 0%, 04 o s 4 P 3
T MAPKZ I IS AR 5 i PR i = AR 1534,
XA BEZSARS-CoV-2 ki - o 2 ) SRl 22—, (E
B FAEH A RE R MATE .

53T B B Gt A PAZE AL [ 43 B T B 15 2
THEAT. MIEREETL (enterovirus, EV71HI3CEH
(3CPYAI 5l EECstF-64 [ f#, A VIEI1E + pre-mRNAK
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FFbR, 2 BRI ImRNA KT FE, RIHEVTI
TR 3CPTOS% CstF-64 117 4 fif kM i 75 = mRNA#) 3!
SN T3 TAVIRINS 12K [ 065 45 K9 3 (effector  do-
main, ED)#{IRIEREHS FIHIE S APA, TMNS1IHIRNAL,
A 45 HIIB(RNA binding domain, RBD)I/ARRE. NS1(#)
EDH ) — MR 5F H & B 7% (G184) & 5CPSF445 &
5 APARI SN &, TINSIHFIEDH 15 AN AR
FERRTRFE(F103 1M 106) M 5201 5 CPSFA/KISEM ), S
U SR LB, PA R K AT NS i iE T
ED5PABP245 & K T4 2 IR H R4k, Ao Fiad B
1EFH S BPABP2 AL IR /3 A e, i sk AR 2
MRFFRRAACT PR, I LI A DY, £k
i B B RA/Udorn/721, NS15CPSF3045 &< 1|+
P& N T IFN-PmRNA (37 A i in 5%,

XL IR 7~ T AN [R5 B B B 3 Je TR 1 5
W, SRR B 5 e AR EAE AR T A, R
75 7R F 3 b AL o A S e o o e SR TR, 49 AP 7
JE R FImRNA R 8 ¢ Ja i T ji e, (a8 — SR 5.
B 2055 7 B SR APAZR AL K 43 AL AN A= 2 T
BEA AT

2.3 RNAW#H 5meAEH

RNA HINC- BRI (mOAY B — AN BN A . Al
Fd e, AHcE WHIRNAW &M, XMEifhl =28
|E P WAL (writers). % B 3L (era-
sers) MmO A [5 5 #% 55 [ (readers). A WIS 1) TAFE AR
BT S E5mPABHIE A KR, mC A AR
BTH:. mRNAHAZ. B, FaE tEsems, Ll &moA
B RHTUR 75 S S LA S e R 1R . mCA &1
1 % Fh A [H DN A BKRNAJH 2R Ge it R EANF DhRE,
B R IR S F40(SV4A0) . LR R G
(HBV). 3% 75975 2 PU R AR S 2 %5 #:(KSHV) . %
WHH- R EE(EBV). SARS-CoV-2. ZIKV. HCV
HIHIV-11000 A5 7E phIERE 1 .45 73 155 TmeAfE
ot G ] S HLA RN A 25 B il A2 HO i Fe s (JE13).

T WA 22 BT 9T 4838 7 RSV 5 mC A 1B M 7E
HE b Thee. 5 AERRERNAME, = mbAB
i B 4IRS VAT /EMETTL 3 4: 41 At o &2 Il RS VA
P E R PRIG-IRIE, I RRIG-1IZ 2 AL FIIRF3 1%
Ak, M3 SR IR IEN R 72 A2 102 X % B HIRSV
RNA mCAMEH AT 8 3 5 RAE G [N, 3 1T e a3k 3d )
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PG A AMIT T 2B, mCARH I X RS VIR YLt 5
W AF{E SRS S e R — AR & B, fEHEK293T
YAk, METTL3/METTLI1440%] 7 HRSVI gL & & A
F (fusion protein)f)& B, MRS 103 25 ik B Ak L
P TimCA % FIEALEFFTOM ALK BHS MR #EF 25 14 1)
4, YTHDF1-3% HREE 45 G HRSVEZE K ZHRNA,
SECHLAEGNAL A AN R B, AT 89 7 5 1)
ERSVIEYLBEAS-2Bi /124 h /5 M 22 #|FTOImMRNA
KT 2 BT R, AT T AEIEM, fEHeLa
YU A AS4940 i, YTHDF1-345 A 7] LME#ERS VY
Sl FERRIEM ORI =4, I REMETTL3/
METTL14XRSVINE HIA IEFHTTERH, feitm
VRNA ImCA K LA A 3R 5l 32 1A 3 &0k
ALKBHSFIFTOHMIHIRSV ¥ & Hil FIFE R Rk, {0 55
IFE A MBI EAG (glycoprotein) i) ZEik K1 K iE
Fefk. DL EE A MEAR A AR FBOR. mUR A
YTHDF1-35E 1 & E B/ PFMGEAMA K. Mk
METTL3/METTL 14 A 5 ZRNAH fiIm° A& & />
70%, X 3 W ¥ ] F B RS I 2 U VRN A I mP AR
T R B AR R R, BURALKBHSHIFTO
g EFE AMGE AKF(EBA). iz I8 KRSV
G R Fr BUAT S ImCA B 1 ZKF, (PG ImCA
{7 A7 45 58 A8 T BRI B 2E055 5 (I mC AR B [ AIK, 40
I FELE B S5 A RE T R B, AR R RR = 1)
FaREENE. R MmO A AT BE A B A RSV EL
A 75 2 D R 2 928 1 A R g 16>-00),
FEVSVIEGer, i RIAMETTL3 28 ind #5555
A _ERImC A, HIRE S OUEERNAZE R, M
RIG-TFIMDAS%RIGH: 524 (RIG-1 like receptors,
RLR)XJH BERNA VKN, 3 — 0 THPUn 555
R, X% TERNA I mCA B f 15 dsRNA S K
JENGERRT. AR, mCAMEIIEILFESERNA
SE6 R ERIG-THGE, 1X L6 A #H| dsSRNATE B
B E MG RIG-IZ A A T AL RNALE . 75—
[, METTL3/14fm®A B 556 55 il 2 A W55t B eefim
B [T H 2 ) % 2% [l (interferon-stimulated  genes,
ISGs)ImRNABE/Tm A&, 4IIFITMI1. YTHDF i
I mC AR 77 AR EIFITM 2R [ %k, 158 1 17
TIREMPUR RN, esh, HHFR KB, IFNB
mRNATE & (- %00 7 I T A7 (EmC A B, Rl P4
METTL38{YTHDF24£:ffiIFNB mRNAZz 52 P43 i+
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A B
4BRRG o ey 4B
RSV /\ RIGI @ VW) —— ALKBH5 ], \/\/\/\@—) OGDH} —sltaconate],
) WWW—— e @ — IFN | > e 1
, VWV OGDH VWV
YTHDF1-3 Iy A A
Hals T N— in AB49 & HeLa W — R S
in A549 & METTL3/14 VW &— YTHDF1-3 - ‘YTHDF3
reta in HEK293T iy — - EAVW — N = FOX03 e— 7\ Wy
& 3\/\/\/\/ —l— YTHDF1-3 — = - FOX03
- -
in HEK293T /ﬁ$§( ALKBH5 =~
ppam— ALKBHS == ey "
(Fusion) J —l_ J 85 N\
” € ETO > DDX46 N\
MavsTraSh WY« VWD 2o
Writers ) Readers Erasers : Viral proteins Other host proteins  \/\/\/\/\/\/ Host RNA

Bl 3 mCAMISCE (TR R R IR, Ar RSV MmO A A DS FE. Bk mCAE RSV RNARE(EHERIG-1M1)1Z 5
PCATIRF3 (R AL, I SR IFN 7 4 mC AR G B (1 RS VIR e (¥ 52 M 77 76 40 65 534, 7EHEK293T4H ', METTL3/
METTL144HIRSV il & 8 G, AT P (R 2530 BE ATt TIFTOMALKBHS NI 3 F & F i & . YTHDF1~3&
FRES L5 SRSV R ZAIRNA, #1755 8 E . EHeLaZ I FIAS490 /i, YTHDF1~3 2 (4 7] A2 #ERSV i) & il FIHE R 33k
B: VSVECHH ImCAIB I HI G TR, VSVIEY 2> T EALKBHSEERE FEAI, 2 4ERF 1 B — W M 28 (OGDH) mRNA 57K
SPmCARE T, BUE HmRNARE PEREAR . 28 (IR, BRI 9D A IR AR A, e 284995 75 S ). METTL3 288 o 2 % s oA
ERImCAREA, D EEASRNARIE AR, AT I RIG-TRE 32 A0 FERNA R . DDXA4641 35 ALKBHS 2 2 5 170 53 S
fIMavs, Traf3F1Traf6%% A4 FHImeAEHE, SECXLURNATELIMIRE A wE e, PHIE HEIPEFIIA T4 = 107242, YTHDF3 R84 12
BEFOXO03 mRNAfIEIRE, HE M HIIFNGS T f 500 #5250k

Figure 3 m°A-related proteins in the regulation of viral infection. A: m°A modification-related regulation during RSV infection. RSV RNA lacking
mPA modification can promote ubiquitination of RIG-I and phosphorylation of IRF3, thereby enhancing the production of type II IFN. The impact of
mPA-related proteins on RSV infection is cell-specific. In HEK293T cells, METTL3/METTL14 inhibit the synthesis of RSV’s fusion protein F,
reducing viral titers and infectivity; whereas FTO and ALKBHS promote the synthesis of the F protein. YTHDF1-3 proteins can bind to the genomic
RNA of RSV, inhibiting viral replication. In HeLa and A549 cells, YTHDF1-3 proteins can promote the replication and gene expression of RSV. B:
Regulation related to m®A modification during VSV infection. VSV infection leads to decreased ALKBHS5 enzyme activity, thereby maintaining a high
level of m°A modification on OGDH mRNA, reducing its stability and protein expression. The reduction in OGDH decreases the concentration of the
metabolite itaconate required for viral replication, limiting the virus’s infection in the host. METTL3 increases m°A modification on viral transcripts,
reducing the formation of viral dsRNA, thus inhibiting the RIG-I-like receptor’s sensing of viral RNA. DDX46 recruits ALKBH5 to remove m°A
modifications from transcripts involved in antiviral responses such as Mavs, Traf3, and Traf6, causing these RNAs to be retained in the nucleus,
preventing their translation and the production of type I interferons. YTHDF3 can promote the translation of FOXO3 mRNA, thereby inhibiting the
expression of antiviral genes induced by IFN

FREL = AETFN-B, AT (2 23F 5 5 A o 28 S B, FHIE
HCMVA#E. (EEIEMEZRNIEIAV. i VSV
Yeoi g P METTL3E{Y THDF2 {5k 2% £ it %5 IEN B Al
ISG15 mRNAZKFTF& . YTHDF3 A5 1E 3EFOX 03
mRNAFIEIE, FOXO3REMINHITFNE S i i 8 3
Rl 2k, I H Y THDF3 R 4 0 40 i A /) BRL6F VS V2%
2R LA R IIRPT AT, YTHDF1~34 & B A
R FThfE, YTHDF1A] LU 3ERI ", YTHDF2 7] DA
A5 A mO A mRNA B e SR AT 36 R k0, i
YTHDF31F 4158 Y THDF 1 f1Y THDF 24 F ()4 B
TP EATBERTE R AR G I N 2 ANB B b R A&
FHRN R TIRE, 95 T meAMBAE HUw 25 SR )
#HEME(E3B).

WTAPH 7EVSVE SR T RS S 8uE 5
LB B-E AR R, FEWTAPT P,
IFNIAFT A 73 (IRFE)AFIRRw/BZIRTHL (IF-
NAR1) mRNAMImMOAKFFFAK, S EIRF3HIHFI ]
FITFNAR1T mRNAAFEE. B, WTAP-IRF3/IF-
NAR AR 0] Ge 2 MR TR TR R 15 5 B0E 1) U 5L
Hl, XRHE TR SR F, mCAYRE SIFN-IE 5
FIEmRNA K fivis o gl

VSVIEYLSS, ALKBHS&EAMR107%HHEMAS T
FALKBHSHGIEPEFRAR, R gEde 1 B 5 1 S
(OGDH) mRNAW & /KFmeABME, Ml S5
mRNARIFEE TR, EARERED, iR
PR AR P T B, o 24 Ak s 75 70 78 S 40 Py 1 B L,
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4L, DDX46i i 2 DEA DU jie B 45 ) 15 47 55
ALKBHS, %2 5509 RN IMavs, Traf3f1Traf6
FESEAR EIImOA B, (AT IX S FE AT A% A, T
MHHEORE LB THRERER. /DR,
DDX461J98 /b BE 3 s b 2 B, $27~DDX461] fE
VRV 1 35 U B S OB A1 P AR (13 B) 0L,

N9 2 (HMPV) R K2 . e 55 K 4H (anti-
genome) FIH 7 mRNA#S Erm° A&, 1M FLAT LAgEm®A
ISR AR, moARK 7R B RNARE 0% A7 ¥ 3%
WRIG-1/r S5 S, 51 Kk Fapg g los77],
METTL3 {4 15 [ 47 55 FEmRNA I3 JERH X L4k, &5
VRS H0 FEAZ B ARG SRS P VP3O AR, {2
HHRFERNAS . X AH BAE L 7E HoAth i 405 55
B g, LK ST - SR S o A 2 v g U8,

TEIAVE Sl R HAM B, 2 IMINEP = HIHIIAV 5
A B AR EE 2. YTHDCI AR BINS F B
) — MR SF AL A GG(mCA)C(528~531), %A 5 5NS
mRNA3 BTN A, SIAVI BT AT /0 8
. YTHDC L@ 7 5 A 530 me A S R s 8T 8%, M
MR R H. M RAAS30CHLSS T YTHDC1 X}
NSI mRNAMIZEA, SEAEMRELZNEPEH, i)
# T R A RS .

BRI B R Y@ I NSP 1 S ALKBHS R IE T
Rk T 9% [N, 55— 77 THI, IRF7 (IFNsFIISGs_LJif
() — AN SRR B S IR 7 ) A2 MR B K i AR P mOAE
MREAR 2 —, JFH A FMETTL36 Z 5] i it
R BE B N T R ek, STk, IR T
U AR ZEMETTL3 S (55 K, dsRNAFH
Ik 75 SIFN O, TAE NIFNAIS G2 1A I Bl % 5 [A]
THIIRF7 mRNAFEE M 08 gk — 5 k% S S50,
AL, I55 EERNARE K 2 A mC A &1t 23 520 R 4R Ho s
(15 S ™Y, FIR S R 4 fm O AfE A > 7]
Re o HEOS S RN 28, 5 5 50 R IFN L.

JE Y5 1 RL B[R 2 28 1E T ImOA B K
*F, FIHMeRIP-seqti R/ #TDENV, ZIKV, WNVAI
HCVIEYL G MmCAR M FE R, % T 584 A e Ae
FImOALL s, #RSIAFER. o, &Y ERIOK3H
mCASE N RE T HLRE, M CIRBP M AR 3 T
FrTAREE Rz, DAL 5 BUW 2 M, RIOK3HImCARE i
WA T IRF3N S A RIRGBE N2, T CIRBPAIm Ak
ADRHGT FRIE LIS S ER N B B2,
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XL e R — D RO ARSI 2 2 5
BT FHAE. AR, ARFNS R R R TAER
B, IGF2BP31E ymC A b 5288 £ (1 4 mC A IS iK1
FImRNA 73 2| P/MA (processing body, P-body), M
X FEmRNARIE B, LA 5 7E A A0 25
AT R LY EAE AR IT.

3 s S EMRS T EAR

3.1 JFHRNASHREEEE R EA/ER

JREERNA SR B 8 A R A EAE HTE R B R
fily ek, B, ARSI REEENEM. F
i, FERIRIRp AR FE R 1) NS, & 5FERNA
(s 2 G5 A BT FIA EAE A, LR A% BERNA AR
BRORR BT 5. R EERNA 5955 55 1 45 #4 2 ( sl R 45
FIEE M EAER, DB BRSO B ) & A k. 9
BEACE O —REWED, EN15WERNAKR
P tr, THIZATTEM, RIHTERNA G AL IR
(R, (RISt s 25 (0 S ) AN e SRR ARSI 9 58
WA ST ER 8 B A A B I R R DGR ER 7, R
516 EAREAE A EENFEPL RERNA SRR
S5 K8 L (NSP) A BLAE FIE 7T LA W5 22 RNA 1) 45
FIFIThRE. NSPH [ — #8702 5T R 2 FIRNA KR il
HAEM. R NRNAS G E DRI AR T
BLZMINSPATE £ H TR EIVEA, HANSP1, NSP4
FINSPSTE 55 S i 8 98 4l 52 B ) 82 & 4 v ke 315G B
YEH], NSP2, NSP3MINSP5{EZ 5RNAS HAMEIH
A% AR

RNA-H 5 AH HAE F 0T DA 5 958 3 R00RE (1) T B
R K/NFITEAR, BLAR FERNA ) L3 35R FiE £
PE. RNA-EL [ 5AH BAE AT DLdE I SO RN AR = 2%
SERIRIZEME, EMRNAMTSMAL T, i FE
ANFIFEAS 9 8 0RO P2 A b Ak, RNA-ZR (A H
A FH AT DAASE 5 23 MURLAE AN [R] A B 25 11 R, Wil
e e S s P N ) = F=8 i T B UL i Ak

B A i §7% 5 18 1 (post-translational modification,
PTM) <5295 B £ 1 SRNAMI 257, SARS-CoV-2
MZMEAR, IZEKTEN. BEA. HREAD
FARGEMEA, W LURAEANFERBEPTM, Wik
o iz EN. OBl HEBAGEE. IXEEPTM AT LR
W B 2R (R 45 Thag. faetE. MEAER. &
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L&, MWIMEAR IR RS o, 3, Blsd
FE. #lln, SARS-CoV-2[INER iR 1k AT LLs2
5IRTEERNAME &, MR E 2B RNA KRS E A S
il 2 8,

RNAVTER 5 (RNA silencing suppressor, RSS)
A& — AT LU 15 = 4 M FIRNATH(RNA  interfer-
ence, RNAID)IEAE 5 85 8 I BRNA 7 -, MG 5
R R R H]. AFEAIRNAJG 8, 4022 R9% 5
TEM RS . MHETE I EE5E, 8T LAgw AL Bl A 2 A [
FIRSS, 41P19, P21, P25, P38%%. iXLLRSSH LUET 5
15 EA M /N FIRNAS MU /NRNASE &, FHT
RNAiZEA XS, Dicert]#]. RISCEEAL .
AGOVIEIZE, {355 n] LA 85 3= 40 B A L 23 D7 48,
B 09 FERNA R Fa e PERI B R, e b 85 1 =2
FAL %L,

3.2 JHERNAZ WA ELAE

T EERNAZ [HAFEE G F A A BAE A, HERE
FERMKFEMRNA-RNAAH BAEH. X2 HAE AT LA
IR ERNAMITS . FRoEtE. ZHgce. TER
SHRNAFR =R A H AN 2 9 75 1) 5N 3 5 [X 45 T A
A RE A AR, SRR ELAE A AT DA R — AR
FIRNAZEH, (EERNAR SRR AIAILE S, R
93 B 140 A2 1) N e SR 7 0L

PR 2 B RNATERI A S Hil i fErh, T 28
AN A RN A-RNAAH B AE F S 503 40 0 45 14 1 425
XU H AR E B R AEAEHCY RNAKIS A3/ JEmiD
X, XWX EAZNRF R4, WIRES,
5BSL3.2, 3'X%. iXuesiiygn] LS B & 8l HAh L
PSR AR HANIC XS, TR SE B ARG H, X K4
WA B TIRES 51 F MR 1454, {2FHCV RNA
M. Ak, HOVAE S il 2 o H 3wty 2 T 1 EL A )
5] S P B RSB R R — R4k, 1X A — JRALTEHCV RNA
3 o R T A P,

A FIZHRNA (sgRNA) A e IR 75 25 2E iy i B 1
BRI, TAIGRAS T R 45 R R B A
H. R ZHRNA) 7 A 75 2200 B 45 R 2 RN A ) 1%
AR LE AN 5] 1 %% S 45 /5 F (transcript  regulatory  se-
quence, TRS)X [8] 4T HHR 1) ¥ (template switch).
SARS-Co V-2 K 4H Hh S £ [ A AIORF8  [A] RN A-
RNAA EAE AT R S S'UTR I TRSAINZE (K (1) TRS

FAHFEIT, M2 3ENIE R JE R AHRNA ) & ), 3X 0]
RERZIR 7993 55 (10 B A S0w tE. AP AE 2 it
5, RHINGS short-readf1Nanopore long-readifl] /7
BOR R G 1 37 ek I B iR e i) sgRNA B i, &3
B DA AT AET 7 (—)sgRNAF B, thAFAET
L[] (+)sgRNA G O F vy R BUBAR D) 4% nT o7+
TRSI R A, REERRZETTIEAZTRSFA, T # A4
RNA 5B RNA-RNA FAE SR EE AR, BN 4
TERARY e T R AR R R E IR, AN, BRI
FHASEAR 148 7= A2 ) sgRNA T DAgE— DA AR ke A2 =
DSR4 11 72 A2 B /NI sgRNA, - IR i S8 (R AR AR D7)
AR DU A Z AL ISARS-CoV-2 R R 41, 1X
G U I 9 BR A 6 IR0 BE RN AR SRR 4L T 8 19 4>+
FER.

3.3 WHERNASHEEEHRME/EM

I FERN AR 3 28 15 AH B4 F 2 3 2 8k e
S (¥ R, W ARSI B A I BRE
SERES . G RN AE(EY). FREERNARITE EE AR
HAEM 7 A ThBEZ 2 A, BEAT R 995 2 10 3& AN
PRBETE E s RN, AT LB R TS E PR a2
A 5 4 G0,

S EERNA BN B2 B B 1 S 2, B2
B EE RSN, HERNAT LUEN Z R
X E S RIRE, R HIRES. RNAfRSE %4544,
HE EREIER T . RNAZSSE A BRRSHE
VEF, Wi 3 S sl s BERNA P B 3% . JE R
TR AR BERNA 55 R P 08 17 7E 435 W A =
f)761E5" UTR stem-loop 1 (SL1)AIRES, ‘EATA] LLH
[} 5 eIF4F [ 7§ > IV Jk e IFAA Al IFAGAH AT FH, 1155
MR IE S B BERNA IR D). HEERNAAT L@
Z A7 L & 1I%-R s, R A S 0E AR
B TE EMEGEE QAR EAER, T 5 A FL Bl 4
F, BEANERE TN, XL RS IRNA R AN
FIIThEE, WETRERNAKE R, . B %
FEL OO 55 B RNA R AR R 52 1 R T e
MEIER R, RSN HBCERAERN . T
S FImRNA F%fi#(nonsense-mediated mRNA decay,
NMD) & —Fift /&1 5 57 RN A BT B 3 L], & T B
PR R AR5 R30S 7 [ mRNA, M B 1k
B AR, SR 40 AT LUIE I NMDIg 43 BH RS R
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Figure 4 Interactions between viral RNA and the host during the replication cycle of RNA virus. The RNA released after viral infection interacts
with various host factors at multiple levels, including transport, translation, replication, degradation, editing, splicing, and immune response. Only a

few representative host factors are listed in the different processes

B,

i FERNA B R A 5 1 5202 0 B I e 51 R 1)
T8 32 G2 IOV EE LIRS, i EERNA R DU I 2 F
A AE T IRNABZ 2R, AT 15 3 1S 5 7%
FIEAE. cGAS-STINGAE 5l #% & — M2 il )Y DN A
Zg, ABHARAUA] LLAMHIDNARR 2 A& ], n] LU
MIRNAJHEE G, —J7H, RNAJEEAT LSS 45
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R B A A%, S EDNAMR S M5, #cGASE
M, B —J7T, RNAWERE ] LUl 5 HARRNAKZ
F(WIRIG-1, MDASE) WA EAEA, BudEREEEA
(i BB, JE45 8BS AR H B0 B
STING?. 75 3= 41l i 7T LA FH IS G oK T-$t 3 B A s 75
RNA, &M 8 [FFE ] LIRS FRNA B F ik
FEPUISGHIER. 8 T LRI A B & FRNAR &1
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8 518 ERNAMLEEH EAERH, M4 BE AN
INREMIcircRNA, AR BERNAMEIE. EH]. &
PEL AR HIUON,

NT RY % E S 5SARS-CoV-2 515 T 40 A B
TERRIE EEA, AR EFERT ST TS
SARS-CoV-2#H5< FIRNA- R (A Jii AH BLAE H i BT vl H
BmAE, I A BRI 28 4 HERfGE T R R A T RE
(S04 B 5 07, 4 N 5 I R R ORF 8 1 P Ja ) s v 1)
ORF7A/B. @& HE AT MRNAME/EH A, AH
AR ILSARS-CoV-2 RNA K H N [ 5 W R H 2
402 LR F AV EAERH, FEEHRIPHICo-IPSE
%t H P G3BP1, IGF2BP1IAIMOV 108HT T 4 5%
BSE. 455 CRISPRUfESS IR, i — B4 5E 86 Hitik
B AT 62 P s 5 Rl 1 S A DG 2. FRAT K i 4
P58 1T AIMaP £ 22 (https://mvip.whu.edu.cn/aimap) 72
HBEgy FH P, AT P 5 B PR 2R SARS-CoV-2 K73 T 5
T EAH FAE .

3.4 JHFERNALTE ERNAM HAEH

I FERNA I RN AR FAE A & 0 25 K e fil T
TR E RIS, W 2 PR TRNA
ST, BFM/NRNA (miRNA). KIE4GRNA
(IncRNA). R & RIEAI/NRNA  (vsRNA)FIRNAJTER
¥ (RSS). IXLERNAAHEAE W] LA 28 1 &
Hil. B, BHRE. 413G, BBOMEUREE, tmr LU
T E MR A, ET. R L.

5 EmiRNASE — 2K B LN 22 4% 1R 1) B
RNAZ T, 185 ERNA K3 ERH 3 X 2 5 (X )
WNTHIE S, SR E R S ] BRSO T
5 FmiRNA 59 2 RNA3" UTREE &, 1f LAHMI5 2
B2 R BB, 92, A ZEmiR-1227] LA 5 75 8 4 5
B3 UTRG &, (Edbwi s MR HIAIf e, miR-122
EHCVIH3'UTR A 45 A R HC VB YL AT T 1 4 [ 2,
WIEHCVIATT AL 5 1) A KmiR-297] LA S HIV
flI3'UTRS, A, 403 25 1R ik O,

T EIncRNA & — KK B I 2004 1% H R 11 E 4
ERNAZ ¥, @it 5 HAMRNA. DNABE A RS,
2 5 R RIE R A IR AT, 18 EIncRNA
AL SR EERNAG &, R B SRR SURYE. 16
FIncRNA 595 ERNAI3'UTREE &, Fi199 25 1t &2 1
R, 10, A 2K IncRNA-BISPR ] PL 5 HIVI3'UTR

it MBI EERIREL. 18 EIncRNA S5 EERNA T 4
WX g6, $H0 2 IR R El N s 2 1 A8 5. il
AZEIncRNA-NEAT1 7] UL 5 HIV ¥ gag-polZE K 1 g tis
X454, Willlgag-polft) A8 A0,

SARS-CoV-2 RNA i 3= Kl 1 AH BAF F vl LA
IR N, [EIRE AN R TR 4R1M, SARS-
CoV-2Ua B 15 FRNA LL 5| K IXFh AT 167 1 5 7% I
AR — Mk, TE20244F Bl I — TRIE 72 o, i R 3
i FIRIC-seq 2> T 7 SARS-CoV-2 RNATE K L4 g Al
B TR A R (0 SR A S5 A RA AR, RILSARS-
CoV-2 RNAIEITEAS4OG I SEERNALG A E A
YBX3, 52051 EmRNAMI3 UTRIE 2095 1E
FOUBE, PABE I As e M. R SARS-CoV-2-15 ERNA
RUEE B R B Y BX3 25 PR 15 E mRNA )£ € M I ek b
WEEEH. HAh, 7ESARS-CoV-2/{1Fa5E 15 T #l kR,
NFKBIZ XS {2 i3k 20 o [R5 7 A Al > 3 3 OB 22
HE WA THRETFREES. ZHARR T
RNA-RNAM H{E I fESARS-CoV-22:RNA YK # I
P RIFMLIE I OCERAE F, o RZIT KA AE T T
7 2 11061,

3.5 WmEBEHRSEEEERMHEER

P B £ 1 DU 2 8 10T )R ELAE P AR o B UK
GRS I I OCEAD IR, AT LA s B 1 & ) ik FE DA &
JREEAE R E AR B, B G9%S
S, JRHF AU EUR LSS R PR R A Y ) B
J7 1.

SRR S 1 R AR A EAE R R TR EER
B & E BURE W 2 AME S A gn i s i, &
R FEM RIS AT 518 EMME FACE25Z 14
FEFPE A, - SRR NG w0 &5 A R
HAEW 51 TR S EASE, MR
TSN, TR B R A I Re 8 S A R
BEAGS, Z5WBENHENBR. X EEH
AMUAF7R T b R0 55 AL, oA SR BUR R
2R S PR T IRAE O,

W RR R R A gl T 7R A, KR
sEASRFEMNEDNR, SHENER. 2. A
SRR A VIAHOC, R IR 25 1 sk e 2 3 8501 248
i P9 o B 5 8 B A 1 0 FIRNA B3 44 (inclusion
bodies), XL IRAITE AT BE AN IE 2. Wendtd
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NOTEH, BAdRom e (%A 52 R A e s 5 15 M4
MOAZRNAKH K FNXFI45 4, FEHEZENXFIENEH
&, NXF12&—f12 515 EmRNAM B AZ AR € 18 A
R, SEERREIZAR S EAMMHEEER RS T
Porg BB ERE, WA R TRBRESL A,
NXF 1t AT GETE G 4 (2 35978 BERNA ) HAZ R 25
(1) 2E 25 FIURE .

T B BE NS A I 5 2 I Pol TIFESRHLES, SEELIW
BRI ORI, [FIFHME 32 ER IA, AT 39
JREERE N ABURE. BRI R AR 518
FEfIPol II CTD (carboxy-terminal domain)4h &, 37
5 EFImRNA 5uilE+, fF R EmRNAR) 51 K+ H
RAMAAZA L HE HREHE 518 3 1Pol TR S K+
TFIHZ &, 1 R EEERIE, AEb 55555
FIRNAMIEE E 5T, AR 5186 3 Pol IIAIAL KA+
P-TEFb%: &, e #H95 FEmRNA [ ZE /AT N T2, A im0
TR I s sk R 08,

RNABIURL A2 40 i 5t o m] WL ) B 25 6 1 A% W5 A%
AL, JE P HIRNA B 1A e Mk 5 40 i
IR TR R, RNASTURL I P Fl 2 B N
HURL(stress granule, SG)AN4H 5T N L /MA(P-body,
PB). RNAJHEE7E YL 3 5 2 5K 45 Fh 5 s R BH Wy
SGFIPBHITERK, LAMER b GL R85, HIV-1f Tat
H AR 515 £ ISGH X & A TIA-1FIG3BP4S
%, BHLIESGIE R JZ R B MICP27 55 1 RE S 518 10
PBHM <K AR GW182FIDCPla%s &, HiAPBHI
i AT 200 F T HBX R H #e % 515 [ SGHIPBAH
K E A FielF2afIXRN 1454, #HISGHIPBIE
FHO A A BA U038 i % SARS-Co V-2 41 5 ) 2K 14 i -
& AR EAE AT A TSRS AT T R
IrHT, % F230504 = AT AE AR S BLAE R, R
M7 SARS-CoV-24wtsh i A 1) W4 fir B, KILSARS-
CoV-2JRNAFINGE [H 7] e 5 BRI 1R 2 K+
AEAEH, X L5 B A B T AIMaP & .

4 RNAJGEIRYY
4.1 mRNAEH

PEW AT« BEHIAARRAL YR EE T A, 7F
B NS A HLR, T M e N R A
KR A ROz M 20195 IR # 9% (COV-
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ID-19) 72 B ™ 5 SV WP I &R 4t 25 6 fiE e IR 752 7
(SARS-CoV-2) 5|2 iy i Ge bt . B0 1 A0 28 S )
RIRTERATH, #ZE20234E12H17H, WHOCRIE |
772838745%COVID-196f12 %5 5 (https://data.who.int/
dashboards/covid19/cases), FEEFZMA | A3t DA A H:
FRATERRE, W22 A R B 0 TR A% fil AT
FETSE A

mRNAJE P — PP A5 o, HoAz O =R &
IIMRNAZ; - RE X HArpiJE s B, s AR
G B mRNAZS T H =380 4k 5/ (cap)
FF IR S AE N3 55 22 T AJE B (poly(A) tail). 5"l A3
it %2 AR B AT LR mRNA G 52 A% R 1 B A, 14
SRR E PEABI R, b X R E T mRNAJT &
A PPTR A AR RR A R 2P H AT mRNARE B
vt FEAA KRG AEEHIBIRNA, HY A
mRNA (self-amplifying RNA, saRNA), A H 4
mRNA
(trans-amplifying RNA, taRNA), FIRRNA (EI5A).

mRNAFJAEEE PEATSE R S 05 2 mRNAE Ny
ZiWR R R BB L KB 1A% H B AmRNAR] L
2 I S mRNAR AE A E PEAER ERE ), [R] IR /b
Jo R AP [ N 20234 1 DLR AR B 2 B S 4 4 40 2
FKatalin KarikoF1Drew Weissman, PAFRZARA1“ K I
ZH WA, IR A B $COVID-19
mRNA¥ 117 (https://www.nature.com/collections/bie-
heeeddf). AN T ALmRNAZE fif () Fe e VAN G J5 v,
i N mRNARET — RA L, B TR AER AT
W BRIE (U0 1-F IR FER)! 24k, 3wl LA N s’
Ui P A 24 FEE (56 P Cap 1 B Cap2)t' 121100 i e 4 i
X (iR, 6 AKozak /7 511H), HISERNA —
WEER, IEK3 Impoly(A) B 2. XStk vl PLFEAK
mRNAF G5 e, kb FET R A 28 J B, 1Y 5
FESR M A )RR E PERTRI R AR, $RE HRA I P R
H R ECE A 5t B (&I5B). 34k, T #REE FImRNAZ) 1
B DR AZIR I A, FLAE DL B 5, DR 1 e 2 B
Ik RGO A RIEMRNAS H br4if.  H Ao A
(1% R G0 T HE T 40K ki (lipid  nanoparticle,
LNP)"L LNPsf&—Fh i fHE TR B SFERB.
] B A SR £ B (PEG) i o7 2H B iR A= B 4t 4, ] B
I A mRNABLEELE A, T AR E gk
WKL, LNPs BA = UM e Gehe 7y ARFRIE . AR


https://data.who.int/dashboards/covid19/cases
https://data.who.int/dashboards/covid19/cases
https://www.nature.com/collections/bieheeeddf
https://www.nature.com/collections/bieheeeddf
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2. saRNA ,
= TRNEREEHES E@
(G)5UTRNSP1 NSP2 NSP3 NSP4 3'UTR-A(n) =]
3.taRNA =5 s, P
(G)SUTRINSM 3 UTR-A(n) B cell ( p
?EE?THK
%9 ul
4. circRNA w — .'.:: — (o) P
\ SEB el T MHCI ]  CDg8'Tcell
B NN D _ _
MRNARBI[E T S e =(=H SARS-CoV-2 Spike, 1273 aa
B IEEIMHT SEMRI TLLALHIR RSY.L T\
RNARR BT )
MRNES -
~ ; . @ HEiLE
(G)5UTR ORF 3UTR  *A(n) Gl L
=5 @R
EBRIE l .
RNAZSIBIL L, s () ° (K e )
s - /K
%ﬁ%%‘jﬁ1’h mRNA)—§>§U -+- ACC CUU UUA GCC CUU CAU AGA AGU UAC CUU ACU ---
RNA(S RNARETTH
IRESTTH RNATERITEH: RNAZSHD [ FROUA A NA B
POlyARKE WEERNe—~X 8 e~ BIRE

Bl 5 mRNAZEEFIBCE. EEMFFIAREIR. LOg e 280 5% 8 ORI T U, A T2 VYR mRNA R 1 B it 4544
1. AEEHIHRNA, (A& HARPUREERS. 2. B MmRNA, &H B3 7. TREAH 73S 6l @spl~0) M Hirbt & ES.
3. A1 T mRNAE AN e e AR ST S ) Bl A0 SR )9 8. 4. OIRRNA, il N B R E N Az sIRES A 3 SHI B, G
FORSIHIBEEH). B: mRNARIFH1& T H AR RGNS, C: mRNAREH 1161 1 FE. NP I FImRNARE H@ A 77 1F kN
AN, AR R, B A AR R B 0T, B B B84 7 S ITmRNA R F 2, R E A JUREAEA
B AP i Rk, tHMHC 1289 7 b 8 TAML, Bos e B, st B 45 & B 2 AR B0 BAR L. D: mRNAZ 5511
R R E

Figure 5 Brief summary of mRNA vaccine design, delivery, and sequence optimization. The spike protein of the SARS-CoV-2 is taken as an
example. A: The main four types of mRNA vaccine design structures. 1. Non-replicating RNA, which only contains the target antigen gene S. 2.
saRNA, containing promoters, engineered alphavirus replicase (nspl~4), and the target antigen protein S. 3. taRNA, using two transcripts to amplify
the replicase and antigen. 4. Circular RNA, which initiates the translation of S through the internal ribosome entry site (IRES). G represents the 5’ cap
structure. B: The goals and strategies in mRNA vaccine sequence design. C: The delivery process of mRNA vaccines. The mRNA vaccine delivered by
the LNP enters the cell through endocytosis. After being released from the endosome, the mRNA is directly translated into protein by ribosomes, or
increases its amount through self-amplification before translation. The antigen protein is degraded into short peptides by the proteasome, presented to
T cells by MHC class I molecules, activating the immune response; or the antigen binds to the B cell receptor to activate B cells. D: The schematic
illustration of computational optimization of the mRNA coding sequence

EA, T 1-H R (m1P) I mRNAY S 1E S
JRAKFR R, DL R AR s A AR e v, ik BT L2
2 R TR COVID-1912271251 26 s 5t s 5 K WAT 1
(), — b [ AR A R HRAE T e B IR AT . BT,

YRR, AW 72 N AT COVID-19 mRNA TS
(T 1200,

AR RISE AN SR 5ACE2 kg &
NTE FANAE, R A 2 B L S RN 95 B 36 5 1

B ELRR(EISO)MY. BT, HiBioNTech-Pfizerd: ™
FIBNT162b2f1ModeRNA A 7= [y mRNA-1273 %% 1 £
KA Z A E K X RAT T % S8 BB E i,
BNT162b2FImRNA-1273%wt5% | SARS-CoV-2 [l R

— P4 XFSARS-CoV-2 D614GAE A [ saRNAYE 1
ARCT-154, B3 T AES IR, AR FEIm AR5 25 1,
ARCT-154 275 H 5BNT162b2  #H 24 ) 5 2 5 1t A1 22
Abk, AT RSO T A AR I TR0 Sy ok ok R X
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SARS-CoV-2 [ HAth v] 58 (1) 93 25 UMM L 1 H7 Rk #%.
HussainZs A'?*), Hogan#iIPardil'**). YangZs A%,
Silva-Pilipich% A1 J5 6 45 T 4= 3RV 1Bl A 4 ot
RNAJ 85 (JCH A2 Hr 7 8 5 ) I mRNALE 1 K s J
MR, AT ERgs 17 H BT X5 0 RNAJKE 2 % 1H T
*%mRNAﬁ%(?%Z)[BZNBg],

Bk B2 BT, mRNAFAR B T3
FEVRIT 2T R340 S e il R KR AT R RE T
mRNAYE 1 1% &, mRNAYE T B IF R IR
ATEMPREFE RS E S, HrrERE L
A AR (1) 7 1) 40 A T >R DA Xt B 2 ] 2 A 1) o R
AR, 2R TR 2 0. EA—REE, — M
K A mRNAJE T, AT [F] e 215 SARS-Co V-2 5
FHEAMRSVIRLGE A, RIP/DNRIBZRSVIEGL DL K
A B %2 SARS-CoV-2 /& JL, A MM 1 1 L5 5%
e AR AL T A7 U4 COVID-19 mRNAJE H7E
B s e RO AT IO 3% 7 T R 7 s AR . AR
mRNAJE £ X COVID-1975 T &R 7 B K%
77, {HHARE AN AR ) BUEmRNAZE FHAE . K
FIRLRE I 32 P AT

AL — T 72 B, SARS-CoV-27E T4k it
B, RIS N R E S i, FEE
BEANFAMAER 1, FF HxX PRI KB s
B[ S0 e) B IE LN IR [ 2O, AT RE SRR AR
FERE IS R R A 0. Z AR T3 T
N1 I I mRNAJE A AL %, @it

F 2 EXIRNAMEE T FImMRNAJE i
Table 2 mRNA vaccine designed for RNA viruses

FND AR AT DU S 3 R A I RIA R, N
KPR AR AL TR AR, S — Tt
FeU S 7R 7 R 2 (MPX V) I 2 5 71 A s i
FAE ] BT A A, AEMPXV R AL A, HE R i
U FHAE N R AT W 2 1, AN A 4 5
HFMPXVEULZ K T B AT B S5 aX Pl i1 FH i £ 0
WA G, X R I T B 7 1 N M A B
RN, FFrTReE B v AR AL SR AL B A A
mRNAJE 1 7ECOVID-19 K AT Hoduk g 3
AR, ANSCLE PR o ST M98 J5 A4 77 Tk B 1 R
1M H AR RAL G 1) P By 42 4k 1 3 i L% . AR,
mRNAYE W B IEP R, BiEfEfaett. i
B BRI e DL LN R R N
T RIX LR, BT AT IR IR R T R, 5] Wi
N T B F A5 B 5 T H RN % 1 56 B R
mRNAFH, HEEmRNAR) 2 454 ] DU 52
B, AR A B A S RS il DR R AR R. &
i, AREEHALS R RS S, TR T —F4
ALinearDesign ) 512, %5512 HTHEE 5 22 1M
¥ fif b (lattice  parsing)ME&x, 25 A RNA 2k 45 1) T,
REEAE K B IEmRNA T 51 0] 1, A4 %5 8
(A FImRNA 2 454973 6], PROEFL 2] 5 I mRNA 7
H. X —HIEAE1 1 5P 4R E] T SARS-Co V-2 58 85
I EmRNABCTE, AL 7 mRNARG E P A0
TR (BI5D). 5587 6 i 2 ARG 1 R 92 0 25
mRNAYE i L G %05 A SRIE A L, LinearDesign

2 F PETHA 38 MAIE A S AR e PRt
H5 mRNA-LNP!'32] B[Rkt IAV (H5N1) HA N, B NA
E80-mRNA; NS1-mRNA! 5 i DENV E80; NS1 INER, NA
mRESVIA 55 1] RSV Fusion I PRAR [gljs:eﬁ;
SF-LNp['!] [ Eitl SARS-CoV-2; RSV Spike; Fusion NER, AR NA
. . Phase 3
[135] 1) - i I AR 56 RO
SYS6006 BRIk SARS-CoV-2 Spike I AR AR IE 22 o PR FEAL
[126,127,136] S 4 1) . e BRI Phase 3
ARCT-154 [SE/R:Eit SARS-CoV-2 Spike I AR AR IE SER™
[137] - 13 701 . e R T Phase 3
GEMCOVAC-OM [EE/p: R SARS-CoV-2 Spike I AR R e 2 AL
SR | X
mLNP-circRNA-RBD [1*¥! RRNA SARS-CoV-2 Receptor-binding domain N NA
mLNP-circRNA-G!'3#! IRRNA Rabies virus Glycoprotein /INER, NA

* NA, not available, 24§ A G KIAL(E B
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B T mRNAEFIIAE F RS, KR
PR SR 1 128 X — AR AU T
KPR T TR, WS R BEHUA M HURE 29 7E N
(O H At T mRNARI 25 W) G i iR )7 5 A R At 17k
BEA

4.2 ASOZj¥)

COVID-19/E LA mRNAPE 8 1fFF & S B 2l i
R T T RNARNE ST KBS AE T R 2577 10 8T [
Bi5t. BERNAZE AN, [ SUEAN F R (antisense oligonu-
cleotide, ASOs)/&—F# . L% A HI S AIRNASE )
HRITITIEN) ASOSE — AT LLIR IRNA ) S A% 1
R, “P¥JHKE A 12~25 nt, I BRI B ANEE X 1 45
HHFEVHERNASESR. #REFHIASOTIEFEAMMIEE, I
B UTB AN M) B AR U, B —ARASOIE

TV IR R A AR MR R T B e B T AR
IR ER 2R (PS)ASOE =1 T W A% BREE ik, [FIRS AT
PLEERNAse H. 4ASOZE & #) HFRRNATFHI 2 5,
25|k H FRRNA#YRNAse HFEAR, M FH 1= B0% & A
JRIF=AE. SR, AEPHEASOR A FtE, & 5&A
R AR PSS . B T ACASOTEAZHE 5] N Je &
U, Ul BRI 00 (RN R EEARIRISE AN ). X AR &
i IASOTC % 5| FERNAse HFFRZEMYIE], M2 1EA
2 (] B 7738 0 2 (B A FEL SR A ) H FRRNA BB, 28
—RASOMEIHE— 4w T 45626 71 UL R
fitE, 13ASOL HARRNATE k€ I3, M
TP T sl ik (e 6)! e 1471,

19784F, StephensonflZamecnik!"** 1 Vi # ASOH]
TRIT HI. ARATE 5 57 1 IR EEAZ AR RNA B
NP3 nthZ FFEEDNA > 7R ANH L EI B, M ZE Aok

RNA S

. RNA genome(-)
\/’ \_/

RENREES

%;\W%\/\/
/ Steric blockers
& ’
RNase H activity

gRNA /\sg-mRNAs

oy

Steric blockers or RNase H activity

gRNA and

J

AVAVAVAVAVAVASS S-SR VAVAVAVAVAVAI S -1V

VWV mRNA

[TITITITT ASOs

Bl 6 FLIISARS-CoV-2TASOZW Uit Ik, ASOZH AT LLik it L [ SARS-CoV-2 = il il 3] -h A [FI B BLA) £/ <P RN AP 41,
BRI ER AL, UFERNA (A AR 5 R 2 sg-mRNA, AT BE W5 2: 06 K 77 4. ASOsS & AR5 41 )i, mI 1 7 (a] B
FUBHITRNA R a8 A B2, B8 55 RNase HXS H bR 7 51 #EAT D) FI AN AR

Figure 6 Brief overview of ASO drug design targeting SARS-CoV-2. ASO drugs can be designed to target conserved RNA sequences at different
stages of the SARS-CoV-2 replication cycle, including the viral genome, negative-strand RNA intermediates, and sg-mRNA, thereby blocking the
production of viral particles. Once ASOs bind to the target sequence, they can act as steric blockers to halt RNA synthesis or protein translation, or

recruit RNase H to cleave and degrade the target sequence
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BEL 11 55 3973 75 B AL A0 B 4T 4k 4 i ) B0 #4540, X —
TFAI 1 FRRIE 58 9 ASO 24 40 5% 0993 B B YR T e 17 T8 I8
RIFFDAHLHE R B S ASOZj Y Formivirsen H 11677 3K
P31 G2 SR B £ AiE HE 3 1 A PR S A 48, Fo-
mivirsens& — PR SE M SEAZ T IR, e 5 1 1) S 5 B
I L2 2 1 (TE-2) 95 BEmRNA, M T 45 P 4 TE2
(128 R TR 7 2] (1 2 A 4L

U 2 P ASOZy %L Xt 2B BT 98 978 75 A AN [F) I A5
AT VT, BN R SRR, R EAXE
A0 o gy BAR SR 1 2 B 06 e B S Bl I AS O
251, WARC-520F1ARC-521, ‘EAI1RE A S 2,
RURT % 93 5% (RN AR TR AIACE, eah, 2
EFXHARUBOR R IRNAR A . MR . LR
M2 B T8 A% 2 (A I ASO 254 gl W A Hi Sk, 454
BT M2 B Il E ASOZ5%, AVI-7100F1AVI-7537,
EATTHE S A 2 Hh 0 ] 5 ol N TR e TR i A e 02
H AT #E M SARS-Co V-2 1yt NI R 58 T Bt ASOZ
YIRE IR LD, B T4 X SARS-Co VI ASO 24 M 4E
[ 55 B RN A S [R 40 5 (1) 99 75 B2 1) 22 KT S Bl 2 AE 1 a
(ORF la)FH#E s i 45 7 41, ‘e AN IEAR SN TR = b 35
M, R T ASOAE N Hi e R v 75 A1 H T HISARS-
CoV-2iA97T KIS ART5 457 H et 4 RNA
WEE LTI LEASOZ (e 3)153 163,

HlT, ASOZWIIFRE A1 1% R 2 2Pt 7t

13

7
A

PR R e, LR T AR AR 2 e, HERL S
ML, T IR ASOZ M e HEANYT 2, B
FNGFKH T 2 BMER, R 4. A0,
P e G A, XA R] LS R ASOXT A% R I
BEMERIHRTL . BLAN, R ik R4, s
KBRS, 7T DASE i ASOZ4 W) ) 240 J £ HR Ak < AN [
PSS R ASOZMTE S R I 2 Bk, (H'EAT]
FEIRYT LB Jy T L BRI ), R AE A T
TR BRI GL 7 TH 1 ASO 24 ize /b - oA 5 g SR 2.
MATEAAEYE B TRME LY 2270, SER R
SFHIRFERNAFFIEAT il 2R EASOFFIBLiHiE
FTEA R A T B IR RRT 7L, SRR EAEA
BEARIT FBUMTTREME,  LAS AT 24 1 g o= 2 1041060,
LA ASOZGIAE AR TR BRR T Hh A 5K
fEH.

5 JREMTE

RNAJp 25 B BIF 78 FL AT H B A 28 5 SO B A
8, FTLMERRR AR, Bk, &)L BURLE| A
Gy bR A T3 T R, D9 R B IE AR F SR AR
PERHENE . BRI R R AR R ARNAR 35059 &,
k. BEMERIREE. RN, BRRESE
RNAJ B A SFAMIA RS, 7 LT P HRNAZE B

M FEAE R, ASOF TAEMNIE IR, A% ILHUE AZThae. RNATRERB LR, RAERSG, K
F 3 EHRNAREH I HIASOZY)
Table 3 ASO drugs designed for RNA viruses
2 IE WAIE B IR AR A I R
PB1-AUG!™ IAV (H7N7) PBI1-AUG INER NA
NP-AUG!?! IAV (H7N7) NP-AUG VR NA
NP-y3/133] IAV (H7N7) NP-v3' VR NA
68-11L, 167-15L, 187-14L, 404-14L, 867-14L!>% IAV (HIN1) VRNAS il NA
883-11L, 474-21M, 1253-13M!">! IAV (HIN1) VRNAS il ol NA
LNAY/14[15¢ TAV (HIN1) PSL2 /NER NA
gapmers 2/5'") SARS-CoV-2 stem-loop 2 motif il NA
AS_1-75[158 SARS-CoV-2 5'UTR gitliio) NA
chimera-S4'>") SARS-CoV-2 RNaseL il ol NA
5-ASO#26!'°" SARS-CoV-2 5'leader /NER NA
S-ON!6Y SARS-CoV-2 ORF1b 41 NA
ASO-ORF1b 1 SARS-CoV-2 ORF1b il ol NA
Miravirsen!'® HCV miR-122 I PR iR Phase 2 (NCT01727934)

* NA, not available, 24 H A IR IRI(E B
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PUHT IR BE R0 A, 2 5 Bl NS B P A Y 1R O AR,
HAl, RNAWEHMMHAR LIS T —SEEZRHE,
WIREEGE . R, B, BRERE. 7T H
B T 2500 N 55 T I, CARR B ORI . 21
BT AW I ARF 1. SR, RNAREEN
WFFE SR I 5 — Se PR ERHME RS, 50, AW 8 1
RNAGEE# R I RNAR 2 IRNA S #1319
AL AN B, 9 B AR R ZH RN AR mRNA A B
I TAENHIE A IR Z MATE R, WESE R ws
S L H] AR NS, RNAYR B [ FE A AN 55 2 A7
FOARGHAH R, CEUWT R PN TT THNE 75 1 — DR AR T
RNAJK 270 THLAS I ShBE AL RNAJK 2 1Rl
Kz, FFNHAKNGEWE R, BRERE, 75
ANFEI S SR A A= Ay B, 5 1E 2 A B %
AR, RNAFRT S THL 8IS REA U e T o gmd
P AR, BRRTEARGRIEM. FH]. BT
RN 16 ED T HAESRER, XL RHA ] fes

S5 3k

Mg B B G E B Hes . BHiR. &, BRURIEL
R RE. B R T RNAJEEE 2 T LS K D REFI AL
I IR AR NI AT, JCFHAEXT T — L85 R L)
RNAJH .

RNAJG #8716, RNAREE B 6 AR 7 2%
FETRERAURFE . T RN IR RSN S 2 7 TH Y
K&K, TELAIEHZMFBAERE, a0 r il
Wik« FEHl. 9T . WAL, SR, H Rk —
LERN A 5 1 B ¥ F0 R FH 34 A7 78 35 — 16 ] R0 A 3t
WUR BRIP4 1E. eEikiRsE, DLW
BV T (1) 2 A VR AR S

RNA 55 B 58 A2 — > 2R I R0 #h S Ak,
BB EENSARMEMES RS s E0R % 5
RNAA BN LA &, MIEREEEFENT, B8
L RIHTEERR, A BN NSRRI A L2z 4
i H B DT,

1

Trask S D, McDonald S M, Patton J T. Structural insights into the coupling of virion assembly and rotavirus replication. Nat Rev Microbiol,

2012, 10: 165-177

2 Papa G, Borodavka A, Desselberger U. Viroplasms: assembly and functions of rotavirus replication factories. Viruses, 2021, 13: 1349

3 Malone B, Urakova N, Snijder E J, et al. Structures and functions of coronavirus replication-transcription complexes and their relevance for
SARS-CoV-2 drug design. Nat Rev Mol Cell Biol, 2022, 23: 21-39

4 Yuan W G, Liu G F, Shi Y H, et al. A discussion of RNA virus taxonomy based on the 2020 International Committee on Taxonomy of Viruses
report. Front Microbiol, 2022, 13: 960465

5 Borodavka A, Desselberger U, Patton J T. Genome packaging in multi-segmented dsRNA viruses: distinct mechanisms with similar outcomes.
Curr Opin Virol, 2018, 33: 106-112

6 LawtonJ A, Estes M K, Venkataram Prasad B V. Mechanism of genome transcription in segmented dsRNA viruses. Adv Virus Res, 2000, 55:
185-229

7 Greenberg H B, Estes M K. Rotaviruses: from pathogenesis to vaccination. Gastroenterology, 2009, 136: 1939-1951

8 Arnaboldi S, Righi F, Filipello V, et al. Mammalian orthoreovirus (MRV) is widespread in wild ungulates of Northern Italy. Viruses, 2021, 13:
238

9 Ahlquist P, Noueiry A O, Lee W M, et al. Host factors in positive-strand RNA virus genome replication. J Virol, 2003, 77: 8181-8186

10 Roingeard P, Eymieux S, Burlaud-Gaillard J, et al. The double-membrane vesicle (DMV): a virus-induced organelle dedicated to the replication
of SARS-CoV-2 and other positive-sense single-stranded RNA viruses. Cell Mol Life Sci, 2022, 79: 425

11 Brant A C, Tian W, Majerciak V, et al. SARS-CoV-2: from its discovery to genome structure, transcription, and replication. Cell Biosci, 2021,
11: 136

12 Nishikiori M, den Boon J A, Unchwaniwala N, et al. Crowning touches in positive-strand RNA virus genome replication complex structure and
function. Annu Rev Virol, 2022, 9: 193-212

13

Wang J, Sun D, Wang M, et al. Multiple functions of heterogeneous nuclear ribonucleoproteins in the positive single-stranded RNA virus life

cycle. Front Immunol, 2022, 13: 989298

1869


https://doi.org/10.1038/nrmicro2673
https://doi.org/10.3390/v13071349
https://doi.org/10.1038/s41580-021-00432-z
https://doi.org/10.3389/fmicb.2022.960465
https://doi.org/10.1016/j.coviro.2018.08.001
https://doi.org/10.1053/j.gastro.2009.02.076
https://doi.org/10.3390/v13020238
https://doi.org/10.1128/JVI.77.15.8181-8186.2003
https://doi.org/10.1007/s00018-022-04469-x
https://doi.org/10.1186/s13578-021-00643-z
https://doi.org/10.1146/annurev-virology-092920-021307
https://doi.org/10.3389/fimmu.2022.989298

RIS RNAJTTE: MRNANN T B AR U] 2 B 27 5%

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

29

30

31
32

33

34

35

36

37

38

39

40

41

1870

Mueller S, Wimmer E, Cello J. Poliovirus and poliomyelitis: a tale of guts, brains, and an accidental event. Virus Res, 2005, 111: 175-193
Zhu Z, Fodor E, Keown J R. A structural understanding of influenza virus genome replication. Trends Microbiol, 2023, 31: 308-319
Chauhan R P, Gordon M L. An overview of influenza A virus genes, protein functions, and replication cycle highlighting important updates.
Virus Genes, 2022, 58: 255-269

Sabsay K R, te Velthuis A J W, Perlman S. Negative and ambisense RNA virus ribonucleocapsids: more than protective armor. Microbiol Mol
Biol Rev, 2023, 87: ¢0008223

Ruigrok R W, Crépin T, Kolakofsky D. Nucleoproteins and nucleocapsids of negative-strand RNA viruses. Curr Opin Microbiol, 2011, 14: 504—
510

Julkunen I. Molecular pathogenesis of influenza A virus infection and virus-induced regulation of cytokine gene expression. Cytokine Growth
Factor Rev, 2001, 12: 171-180

Malvy D, McElroy A K, de Clerck H, et al. Ebola virus disease. Lancet, 2019, 393: 936-948

Fooks A R, Cliquet F, Finke S, et al. Rabies. Nat Rev Dis Primers, 2017, 3: 17091

Ouizougun-Oubari M, Fearns R. Structures and mechanisms of nonsegmented, negative-strand RNA virus polymerases. Annu Rev Virol, 2023,
10: 199-215

Zhu M, van Grinsven I L, Kormelink R, et al. Paving the way to tospovirus infection: multilined interplays with plant innate immunity. Annu
Rev Phytopathol, 2019, 57: 41-62

Chameettachal A, Mustafa F, Rizvi T A. Understanding retroviral life cycle and its genomic RNA packaging. J Mol Biol, 2023, 435: 167924
Frankel A D, Young J A T. HIV-1: fifteen proteins and an RNA. Annu Rev Biochem, 1998, 67: 1-25

Olson E D, Musier-Forsyth K. Retroviral Gag protein-RNA interactions: implications for specific genomic RNA packaging and virion
assembly. Semin Cell Dev Biol, 2019, 86: 129-139

Arhel N J. Early HIV replication revisited. Nat Microbiol, 2020, 5: 1065-1066

Bekker L G, Beyrer C, Mgodi N, et al. HIV infection. Nat Rev Dis Primers, 2023, 9: 42

Coffin J M, Fan H. The discovery of reverse transcriptase. Annu Rev Virol, 2016, 3: 29-51

Tang S, Li J, Chang Y F, et al. Avian leucosis virus-host interaction: the involvement of host factors in viral replication. Front Immunol, 2022,
13: 907287

Cross S T, Michalski D, Miller M R, et al. RNA regulatory processes in RNA virus biology. WIREs RNA, 2019, 10: e1536

Fournier G, Chiang C, Munier S, et al. Recruitment of RED-SMUI complex by influenza A virus RNA polymerase to control viral mRNA
splicing. PLoS Pathog, 2014, 10: ¢1004164

Esparza M, Bhat P, Fontoura B M. Viral-host interactions during splicing and nuclear export of influenza virus mRNAs. Curr Opin Virol, 2022,
55: 101254

Jackson D, Lamb R A. The influenza A virus spliced messenger RNA M mRNA3 is not required for viral replication in tissue culture. J Gen
Virol, 2008, 89: 3097-3101

Wise H M, Hutchinson E C, Jagger B W, et al. Identification of a novel splice variant form of the influenza A virus M2 ion channel with an
antigenically distinct ectodomain. PLoS Pathog, 2012, 8: €1002998

Bogdanow B, Wang X, Eichelbaum K, et al. The dynamic proteome of influenza A virus infection identifies M segment splicing as a host range
determinant. Nat Commun, 2019, 10: 5518

Thompson M G, Muiioz-Moreno R, Bhat P, et al. Co-regulatory activity of hnRNP K and NS1-BP in influenza and human mRNA splicing. Nat
Commun, 2018, 9: 2407

Li Q, Jiang Z, Ren S, et al. SRSF5-mediated alternative splicing of M gene is essential for influenza A virus replication: a host-directed target
against influenza virus. Adv Sci, 2022, 9: 2203088

Huang X, Zheng M, Wang P, et al. An NS-segment exonic splicing enhancer regulates influenza A virus replication in mammalian cells. Nat
Commun, 2017, 8: 14751

Zhu'Y, Wang R, Yu L, et al. Human TRA2A determines influenza A virus host adaptation by regulating viral mRNA splicing. Sci Adv, 2020, 6:
eaaz5764

Domingues P, Eletto D, Magnus C, et al. Profiling host ANP32A splicing landscapes to predict influenza A virus polymerase adaptation. Nat
Commun, 2019, 10: 3396


https://doi.org/10.1016/j.virusres.2005.04.008
https://doi.org/10.1016/j.tim.2022.09.015
https://doi.org/10.1007/s11262-022-01904-w
https://doi.org/10.1128/mmbr.00082-23
https://doi.org/10.1128/mmbr.00082-23
https://doi.org/10.1016/j.mib.2011.07.011
https://doi.org/10.1016/s1359-6101(00)00026-5
https://doi.org/10.1016/s1359-6101(00)00026-5
https://doi.org/10.1016/S0140-6736(18)33132-5
https://doi.org/10.1038/nrdp.2017.91
https://doi.org/10.1146/annurev-virology-111821-102603
https://doi.org/10.1146/annurev-phyto-082718-100309
https://doi.org/10.1146/annurev-phyto-082718-100309
https://doi.org/10.1016/j.jmb.2022.167924
https://doi.org/10.1146/annurev.biochem.67.1.1
https://doi.org/10.1016/j.semcdb.2018.03.015
https://doi.org/10.1038/s41564-020-0784-z
https://doi.org/10.1038/s41572-023-00452-3
https://doi.org/10.1146/annurev-virology-110615-035556
https://doi.org/10.3389/fimmu.2022.907287
https://doi.org/10.1002/wrna.1536
https://doi.org/10.1371/journal.ppat.1004164
https://doi.org/10.1016/j.coviro.2022.101254
https://doi.org/10.1099/vir.0.2008/004739-0
https://doi.org/10.1099/vir.0.2008/004739-0
https://doi.org/10.1371/journal.ppat.1002998
https://doi.org/10.1038/s41467-019-13520-8
https://doi.org/10.1038/s41467-018-04779-4
https://doi.org/10.1038/s41467-018-04779-4
https://doi.org/10.1002/advs.202203088
https://doi.org/10.1038/ncomms14751
https://doi.org/10.1038/ncomms14751
https://doi.org/10.1126/sciadv.aaz5764
https://doi.org/10.1038/s41467-019-11388-2
https://doi.org/10.1038/s41467-019-11388-2

hERE: ARlE 202544 S5 FHoM

42

43

44

45
46

47

48

49
50

51

52

53

54

55
56

57

58

59

60

61

62

63

64
65

66
67

68

Ashraf U, Benoit-Pilven C, Lacroix V, et al. Advances in analyzing virus-induced alterations of host cell splicing. Trends Microbiol, 2019, 27:
268-281

Mann J T, Riley B A, Baker S F. All differential on the splicing front: host alternative splicing alters the landscape of virus-host conflict. Semin
Cell Dev Biol, 2023, 146: 40-56

Boudreault S, Roy P, Lemay G, et al. Viral modulation of cellular RNA alternative splicing: a new key player in virus-host interactions? WIREs
RNA, 2019, 10: 1543

Sehrawat S, Garcia-Blanco M A. RNA virus infections and their effect on host alternative splicing. Antiviral Res, 2023, 210: 105503

Pozzi B, Bragado L, Mammi P, et al. Dengue virus targets RBM10 deregulating host cell splicing and innate immune response. Nucleic Acids
Res, 2020, 48: 6824-6838

Banerjee A K, Blanco M R, Bruce E A, et al. SARS-CoV-2 disrupts splicing, translation, and protein trafficking to suppress host defenses. Cell,
2020, 183: 1325-1339.e21

Vijayakumar A, Park A, Steitz J] A. Modulation of mRNA 3'-end processing and transcription termination in virus-infected cells. Front
Immunol, 2022, 13: 828665

Jia X, Yuan S, Wang Y, et al. The role of alternative polyadenylation in the antiviral innate immune response. Nat Commun, 2017, 8: 14605
Sotcheff S L, Chen J Y C, Elrod N, et al. Zika virus infection alters gene expression and poly-adenylation patterns in placental cells. Pathogens,
2022, 11: 936

Xu X, Mann M, Qiao D, et al. Alternative mRNA processing of innate response pathways in respiratory syncytial virus (RSV) infection.
Viruses, 2021, 13: 218

Barnhart M D, Moon S L, Emch A W, et al. Changes in cellular mRNA stability, splicing, and polyadenylation through HuR protein
sequestration by a cytoplasmic RNA virus. Cell Rep, 2013, 5: 909-917

An S, LiY, Lin Y, et al. Genome-wide profiling reveals alternative polyadenylation of innate immune-related mRNA in patients with COVID-
19. Front Immunol, 2021, 12: 756288

Chang J J Y, Gleeson J, Rawlinson D, et al. Long-read RNA sequencing identifies polyadenylation elongation and differential transcript usage
of host transcripts during SARS-CoV-2 in vitro infection. Front Immunol, 2022, 13: 832223

Sun D, Chen S, Cheng A, et al. Roles of the picornaviral 3C proteinase in the viral life cycle and host cells. Viruses, 2016, 8: 82

Bauer D LV, Tellier M, Martinez-Alonso M, et al. Influenza virus mounts a two-pronged attack on host RNA polymerase II transcription. Cell
Rep, 2018, 23: 2119-2129.e3

Bergant V, Schnepf D, de Andrade Kritzig N, et al. mRNA 3’UTR lengthening by alternative polyadenylation attenuates inflammatory
responses and correlates with virulence of Influenza A virus. Nat Commun, 2023, 14: 4906

Chen Z, Li'Y, Krug R M. Influenza A virus NS1 protein targets poly(A)-binding protein II of the cellular 3’-end processing machinery. EMBO J,
1999, 18: 2273-2283

TwuK Y, Noah D L, Rao P, et al. The CPSF30 binding site on the NS1A protein of influenza A virus is a potential antiviral target. J Virol, 2006,
80: 3957-3965

Zhang X, Peng Q, Wang L. N°-methyladenosine modification—a key player in viral infection. Cell Mol Biol Lett, 2023, 28: 78

Wang Y, Zhou X. N®-methyladenosine and its implications in viruses. Genomics Proteomics Bioinf, 2023, 21: 695-706

Xue M, Zhang Y, Wang H, et al. Viral RNA N°-methyladenosine modification modulates both innate and adaptive immune responses of human
respiratory syncytial virus. PLoS Pathog, 2021, 17: ¢1010142

Figueroa F, Vega-Gibson A, Catrileo J, et al. N®-methyladenosine negatively regulates human respiratory syncytial virus replication. Front Cell
Dev Biol, 2021, 9: 739445

Li Z, Liu Y, Zhang L, et al. N®-methyladenosine modification contributes to respiratory syncytial virus infection. Heliyon, 2023, 9: ¢15307
Xue M, Zhao B S, Zhang Z, et al. Viral N°-methyladenosine upregulates replication and pathogenesis of human respiratory syncytial virus. Nat
Commun, 2019, 10: 4595

Feng Q, Zhao H, Xu L, et al. N®-methyladenosine modification and its regulation of respiratory viruses. Front Cell Dev Biol, 2021, 9: 699997
Qiu W, Zhang Q, Zhang R, et al. N®-methyladenosine RNA modification suppresses antiviral innate sensing pathways via reshaping double-
stranded RNA. Nat Commun, 2021, 12: 1582

McFadden M J, McIntyre A B R, Mourelatos H, et al. Post-transcriptional regulation of antiviral gene expression by N°-methyladenosine. Cell

1871


https://doi.org/10.1016/j.tim.2018.11.004
https://doi.org/10.1016/j.semcdb.2023.01.013
https://doi.org/10.1016/j.semcdb.2023.01.013
https://doi.org/10.1002/wrna.1543
https://doi.org/10.1002/wrna.1543
https://doi.org/10.1016/j.antiviral.2022.105503
https://doi.org/10.1093/nar/gkaa340
https://doi.org/10.1093/nar/gkaa340
https://doi.org/10.1016/j.cell.2020.10.004
https://doi.org/10.3389/fimmu.2022.828665
https://doi.org/10.3389/fimmu.2022.828665
https://doi.org/10.1038/ncomms14605
https://doi.org/10.3390/pathogens11080936
https://doi.org/10.3390/v13020218
https://doi.org/10.1016/j.celrep.2013.10.012
https://doi.org/10.3389/fimmu.2021.756288
https://doi.org/10.3389/fimmu.2022.832223
https://doi.org/10.3390/v8030082
https://doi.org/10.1016/j.celrep.2018.04.047
https://doi.org/10.1016/j.celrep.2018.04.047
https://doi.org/10.1038/s41467-023-40469-6
https://doi.org/10.1093/emboj/18.8.2273
https://doi.org/10.1128/JVI.80.8.3957-3965.2006
https://doi.org/10.1186/s11658-023-00490-5
https://doi.org/10.1016/j.gpb.2022.04.009
https://doi.org/10.1371/journal.ppat.1010142
https://doi.org/10.3389/fcell.2021.739445
https://doi.org/10.3389/fcell.2021.739445
https://doi.org/10.1016/j.heliyon.2023.e15307
https://doi.org/10.1038/s41467-019-12504-y
https://doi.org/10.1038/s41467-019-12504-y
https://doi.org/10.3389/fcell.2021.699997
https://doi.org/10.1038/s41467-021-21904-y
https://doi.org/10.1016/j.celrep.2021.108798

RIS RNAJTTE: MRNANN T B AR U] 2 B 27 5%

69

70

71

72

73

74

75

76

71

78

79

80
81

82

83

84
85

86
87

88
89

90

91
92

93
94

95

1872

Rep, 2021, 34: 108798

Winkler R, Gillis E, Lasman L, et al. m®*A modification controls the innate immune response to infection by targeting type I interferons. Nat
Immunol, 2019, 20: 173-182

Zhang Y, Wang X, Zhang X, et al. RNA-binding protein YTHDF3 suppresses interferon-dependent antiviral responses by promoting FOXO3
translation. Proc Natl Acad Sci USA, 2019, 116: 976-981

Wang X, Zhao B S, Roundtree I A, et al. N°-methyladenosine modulates messenger RNA translation efficiency. Cell, 2015, 161: 1388-1399
Wang X, Lu Z, Gomez A, et al. N°-methyladenosine-dependent regulation of messenger RNA stability. Nature, 2014, 505: 117-120

Shi H, Wang X, Lu Z, et al. YTHDF3 facilitates translation and decay of Nf’—methyladenosine—modiﬂed RNA. Cell Res, 2017, 27: 315-328
Ge Y, Ling T, Wang Y, et al. Degradation of WTAP blocks antiviral responses by reducing the m°A levels of IRF3 and IFNAR1 mRNA. EMBO
Rep, 2021, 22: 52101

Liu Y, You Y, Lu Z, et al. Né—methyladenosine RNA modification-mediated cellular metabolism rewiring inhibits viral replication. Science,
2019, 365: 1171-1176

Zheng Q, Hou J, Zhou Y, et al. The RNA helicase DDX46 inhibits innate immunity by entrapping m®A-demethylated antiviral transcripts in the
nucleus. Nat Immunol, 2017, 18: 1094-1103

LuM, Zhang Z, Xue M, et al. NS -methyladenosine modification enables viral RNA to escape recognition by RNA sensor RIG-I. Nat Microbiol,
2020, 5: 584-598

Wendt L, Pickin M J, Bodmer B S, et al. N°-methyladenosine is required for efficient RNA synthesis of Ebola virus and other haemorrhagic
fever viruses. Emerg Microbes Infect, 2023, 12: 2223732

Zhu Y, Wang R, Zou J, et al. N°-methyladenosine reader protein YTHDC]1 regulates influenza A virus NS segment splicing and replication.
PLoS Pathog, 2023, 19: €1011305

Wang A, Tao W, Tong J, et al. m°A modifications regulate intestinal immunity and rotavirus infection. eLife, 2022, 11: 73628

Kim G W, Imam H, Khan M, et al. N®-methyladenosine modification of hepatitis B and C viral RNAs attenuates host innate immunity via RIG-I
signaling. J Biol Chem, 2020, 295: 13123-13133

Gokhale N S, MclIntyre A B R, Mattocks M D, et al. Altered mPA modification of specific cellular transcripts affects flaviviridae infection. Mol
Cell, 2020, 77: 542-555.¢8

Shan T, Liu F, Wen M, et al. m*A modification negatively regulates translation by switching mRNA from polysome to P-body via IGF2BP3.
Mol Cell, 2023, 83: 4494-4508.e6

Ding B, Qin Y, Chen M. Nucleocapsid proteins: roles beyond viral RNA packaging. WIREs RNA, 2016, 7: 213-226

Zhou Y, Routh A. Mapping RNA-capsid interactions and RNA secondary structure within virus particles using next-generation sequencing.
Nucleic Acids Res, 2020, 48: e12

Brand C, Bisaillon M, Geiss B J. Organization of the Flavivirus RNA replicase complex. WIREs RNA, 2017, 8: e1437

Garmann R F, Goldfain A M, Tanimoto C R, et al. Single-particle studies of the effects of RNA-protein interactions on the self-assembly of
RNA virus particles. Proc Natl Acad Sci USA, 2022, 119: €2206292119

Cheng N, Liu M, Li W, et al. Protein post-translational modification in SARS-CoV-2 and host interaction. Front Immunol, 2022, 13: 1068449
Zhao J H, Hua C L, Fang Y Y, et al. The dual edge of RNA silencing suppressors in the virus-host interactions. Curr Opin Virol, 2016, 17: 39—
44

Mrozowich T, Park S M, Waldl M, et al. Investigating RNA-RNA interactions through computational and biophysical analysis. Nucleic Acids
Res, 2023, 51: 45884601

Romero-Lopez C, Berzal-Herranz A. The role of the RNA-RNA interactome in the hepatitis C virus life cycle. Int J Mol Sci, 2020, 21: 1479
Omoru O B, Pereira F, Janga S C, et al. A putative long-range RNA-RNA interaction between ORF8 and spike of SARS-CoV-2. PLoS One,
2022, 17: 0260331

Wang D, Jiang A, Feng J, et al. The SARS-CoV-2 subgenome landscape and its novel regulatory features. Mol Cell, 2021, 81: 2135-2147.e5
Iselin L, Palmalux N, Kamel W, et al. Uncovering viral RNA-host cell interactions on a proteome-wide scale. Trends Biochem Sci, 2022, 47:
23-38

Imai S, Suzuki H, Fujiyoshi Y, et al. Dynamically regulated two-site interaction of viral RNA to capture host translation initiation factor. Nat
Commun, 2023, 14: 4977


https://doi.org/10.1016/j.celrep.2021.108798
https://doi.org/10.1038/s41590-018-0275-z
https://doi.org/10.1038/s41590-018-0275-z
https://doi.org/10.1073/pnas.1812536116
https://doi.org/10.1016/j.cell.2015.05.014
https://doi.org/10.1038/nature12730
https://doi.org/10.1038/cr.2017.15
https://doi.org/10.15252/embr.202052101
https://doi.org/10.15252/embr.202052101
https://doi.org/10.1126/science.aax4468
https://doi.org/10.1038/ni.3830
https://doi.org/10.1038/s41564-019-0653-9
https://doi.org/10.1080/22221751.2023.2223732
https://doi.org/10.1371/journal.ppat.1011305
https://doi.org/10.7554/eLife.73628
https://doi.org/10.1074/jbc.RA120.014260
https://doi.org/10.1016/j.molcel.2019.11.007
https://doi.org/10.1016/j.molcel.2019.11.007
https://doi.org/10.1016/j.molcel.2023.10.040
https://doi.org/10.1002/wrna.1326
https://doi.org/10.1093/nar/gkz1124
https://doi.org/10.1002/wrna.1437
https://doi.org/10.1073/pnas.2206292119
https://doi.org/10.3389/fimmu.2022.1068449
https://doi.org/10.1016/j.coviro.2015.12.002
https://doi.org/10.1093/nar/gkad223
https://doi.org/10.1093/nar/gkad223
https://doi.org/10.3390/ijms21041479
https://doi.org/10.1371/journal.pone.0260331
https://doi.org/10.1016/j.molcel.2021.02.036
https://doi.org/10.1016/j.tibs.2021.08.002
https://doi.org/10.1038/s41467-023-40582-6
https://doi.org/10.1038/s41467-023-40582-6

hERE: ARlE 202544 S5 FHoM

96
97

98
99

100
101
102
103

104
105
106
107
108

109
110
111
112
113
114

115

116

117
118

119

120
121

122
123

124
125
126
127

128

Lucic B, de Castro I J, Lusic M. Viruses in the nucleus. Cold Spring Harb Perspect Biol, 2021, 13: a039446

Wendt L, Brandt J, Bodmer B S, et al. The Ebola virus nucleoprotein recruits the nuclear RNA export factor NXF1 into inclusion bodies to
facilitate viral protein expression. Cells, 2020, 9: 187

Ahmed M R, Du Z. Molecular interaction of nonsense-mediated mRNA decay with viruses. Viruses, 2023, 15: 816

Amurri L, Horvat B, Iampietro M. Interplay between RNA viruses and cGAS/STING axis in innate immunity. Front Cell Infect Microbiol,
2023, 13: 1172739

Yang E, Li M M H. All about the RNA: interferon-stimulated genes that interfere with viral RNA processes. Front Immunol, 2020, 11: 605024
Zhang X, Liang Z, Wang C, et al. Viral circular RNAs and their possible roles in virus-host interaction. Front Immunol, 2022, 13: 939768
Li G, Tang Z, Fan W, et al. Atlas of interactions between SARS-CoV-2 macromolecules and host proteins. Cell Insight, 2023, 2: 100068
Sarnow P, Sagan S M. Unraveling the mysterious interactions between hepatitis C virus RNA and liver-specific microRNA-122. Annu Rev
Virol, 2016, 3: 309-332

Trobaugh D W, Klimstra W B. MicroRNA regulation of RNA virus replication and pathogenesis. Trends Mol Med, 2017, 23: 80-93

Liu W, Ding C. Roles of IncRNAs in viral infections. Front Cell Infect Microbiol, 2017, 7: 205

Zhao H, Cai Z, Rao J, et al. SARS-CoV-2 RNA stabilizes host mRNAs to elicit immunopathogenesis. Mol Cell, 2024, 84: 490-505.e9
Perrin-Cocon L, Diaz O, Jacquemin C, et al. The current landscape of coronavirus-host protein-protein interactions. J Transl Med, 2020, 18: 319
Walker A P, Fodor E. Interplay between influenza virus and the host RNA polymerase II transcriptional machinery. Trends Microbiol, 2019, 27:
398407

Zhang Q, Sharma N R, Zheng Z M, et al. Viral regulation of RNA granules in infected cells. Virol Sin, 2019, 34: 175-191

Pollard A J, Bijker E M. A guide to vaccinology: from basic principles to new developments. Nat Rev Immunol, 2021, 21: 83—-100

Hu B, Guo H, Zhou P, et al. Characteristics of SARS-CoV-2 and COVID-19. Nat Rev Microbiol, 2021, 19: 141-154

Fang E, Liu X, Li M, et al. Advances in COVID-19 mRNA vaccine development. Sig Transduct Target Ther, 2022, 7: 94

Schlake T, Thess A, Fotin-Mleczek M, et al. Developing mRNA-vaccine technologies. RNA Biol, 2012, 9: 1319-1330

Karik6 K, Muramatsu H, Keller J M, et al. Increased erythropoiesis in mice injected with submicrogram quantities of pseudouridine-containing
mRNA encoding erythropoietin. Mol Ther, 2012, 20: 948-953

To KK W, Cho W C S. An overview of rational design of mRNA-based therapeutics and vaccines. Expert Opin Drug Discov, 2021, 16: 1307—
1317

Kwon H, Kim M, Seo Y, et al. Emergence of synthetic mRNA: In vitro synthesis of mRNA and its applications in regenerative medicine.
Biomaterials, 2018, 156: 172-193

Hanson G, Coller J. Codon optimality, bias and usage in translation and mRNA decay. Nat Rev Mol Cell Biol, 2018, 19: 20-30

Nance K D, Meier J L. Modifications in an emergency: the role of N'-methylpseudouridine in COVID-19 vaccines. ACS Cent Sci, 2021, 7: 748—
756

Tenchov R, Bird R, Curtze A E, et al. Lipid nanoparticles—from liposomes to mrna vaccine delivery, a landscape of research diversity and
advancement. ACS Nano, 2021, 15: 16982-17015

Buschmann M D, Carrasco M J, Alishetty S, et al. Nanomaterial delivery systems for mRNA vaccines. Vaccines, 2021, 9: 65

Wang F, Kream R M, Stefano G B. An evidence based perspective on mRNA-SARS-CoV-2 vaccine development. Med Sci Monit, 2020, 26:
€924700

Baden L R, El Sahly H M, Essink B, et al. Efficacy and safety of the mRNA-1273 SARS-CoV-2 vaccine. N Engl J Med, 2021, 384: 403416
Polack F P, Thomas S J, Kitchin N, et al. Safety and efficacy of the BNT162b2 mRNA COVID-19 vaccine. N Engl J Med, 2020, 383: 2603—
2615

Verbeke R, Lentacker I, De Smedt S C, et al. The dawn of mRNA vaccines: the COVID-19 case. J Control Release, 2021, 333: 511-520
Teo S P. Review of COVID-19 mRNA vaccines: BNT162b2 and mRNA-1273. J Pharmacy Pract, 2022, 35: 947-951

Wayne C J, Blakney A K. Self-amplifying RNA COVID-19 vaccine. Cell, 2024, 187: 1822-1822.el

Oda Y, Kumagai Y, Kanai M, et al. Inmunogenicity and safety of a booster dose of a self-amplifying RNA COVID-19 vaccine (ARCT-154)
versus BNT162b2 mRNA COVID-19 vaccine: a double-blind, multicentre, randomised, controlled, phase 3, non-inferiority trial. Lancet Infect
Dis, 2024, 24: 351-360

Hussain A, Yang H, Zhang M, et al. mRNA vaccines for COVID-19 and diverse diseases. J Control Release, 2022, 345: 314-333

1873


https://doi.org/10.1101/cshperspect.a039446
https://doi.org/10.3390/cells9010187
https://doi.org/10.3390/v15040816
https://doi.org/10.3389/fcimb.2023.1172739
https://doi.org/10.3389/fimmu.2020.605024
https://doi.org/10.3389/fimmu.2022.939768
https://doi.org/10.1016/j.cellin.2022.100068
https://doi.org/10.1146/annurev-virology-110615-042409
https://doi.org/10.1146/annurev-virology-110615-042409
https://doi.org/10.1016/j.molmed.2016.11.003
https://doi.org/10.3389/fcimb.2017.00205
https://doi.org/10.1016/j.molcel.2023.11.032
https://doi.org/10.1186/s12967-020-02480-z
https://doi.org/10.1016/j.tim.2018.12.013
https://doi.org/10.1007/s12250-019-00122-3
https://doi.org/10.1038/s41577-020-00479-7
https://doi.org/10.1038/s41579-020-00459-7
https://doi.org/10.1038/s41392-022-00950-y
https://doi.org/10.4161/rna.22269
https://doi.org/10.1038/mt.2012.7
https://doi.org/10.1080/17460441.2021.1935859
https://doi.org/10.1016/j.biomaterials.2017.11.034
https://doi.org/10.1038/nrm.2017.91
https://doi.org/10.1021/acscentsci.1c00197
https://doi.org/10.1021/acsnano.1c04996
https://doi.org/10.3390/vaccines9010065
https://doi.org/10.12659/MSM.924700
https://doi.org/10.1056/NEJMoa2035389
https://doi.org/10.1056/NEJMoa2034577
https://doi.org/10.1016/j.jconrel.2021.03.043
https://doi.org/10.1177/08971900211009650
https://doi.org/10.1016/j.cell.2024.03.018
https://doi.org/10.1016/S1473-3099(23)00650-3
https://doi.org/10.1016/S1473-3099(23)00650-3
https://doi.org/10.1016/j.jconrel.2022.03.032

RIS RNAJTTE: MRNANN T B AR U] 2 B 27 5%

129
130

131

132

133

134

135

136

137

138

139

140

141

142

143

144

145

146

147

148

149

150

151

152
153

1874

Hogan M J, Pardi N. mRNA vaccines in the COVID-19 pandemic and beyond. Annu Rev Med, 2022, 73: 17-39

Yang L, Tang L, Zhang M, et al. Recent advances in the molecular design and delivery technology of mRNA for vaccination against infectious
diseases. Front Immunol, 2022, 13: 896958

Silva-Pilipich N, Beloki U, Salaberry L, et al. Self-amplifying RNA: a second revolution of mRNA vaccines against COVID-19. Vaccines, 2024,
12: 318

Furey C, Scher G, Ye N, et al. Development of a nucleoside-modified mRNA vaccine against clade 2.3.4.4b HS5 highly pathogenic avian
influenza virus. Nat Commun, 2024, 15: 4350

Zhang M, Sun J, Li M, et al. Modified mRNA-LNP vaccines confer protection against experimental DENV-2 infection in mice. Mol Ther-
Methods Clin Dev, 2020, 18: 702-712

Mullard A. FDA approves mRNA-based RSV vaccine. Nat Rev Drug Discov, 2024, 23: 487

Zhou C, Qiu Y, Wang J, et al. The safety, immunogenicity, and efficacy of heterologous boosting with a SARS-CoV-2 mRNA vaccine
(SYS6006) in Chinese participants aged 18 years or more: a randomized, open-label, active-controlled phase 3 trial. Emerg Microbes Infect,
2024, 13: 2320913

H NT,Hughes S G, Ta VT, et al. Safety, immunogenicity and efficacy of the self-amplifying mRNA ARCT-154 COVID-19 vaccine: Pooled
phase 1, 2, 3a and 3b randomized, controlled trials. Nat Commun, 2024, 15: 4081

Saraf A, Gurjar R, Kaviraj S, et al. An Omicron-specific, self-amplifying mRNA booster vaccine for COVID-19: a phase 2/3 randomized trial.
Nat Med, 2024, 30: 1363-1372

Wan J, Wang Z, Wang L, et al. Circular RNA vaccines with long-term lymph node-targeting delivery stability after lyophilization induce potent
and persistent immune responses. mBio, 2024, 15: e0177523

van den Brand D, Gorris M A J, van Asbeck A H, et al. Peptide-mediated delivery of therapeutic mRNA in ovarian cancer. Eur J Pharm
Biopharm, 2019, 141: 180-190

Papachristofilou A, Hipp M M, Klinkhardt U, et al. Phase Ib evaluation of a self-adjuvanted protamine formulated mRNA-based active cancer
immunotherapy, BI1361849 (CV9202), combined with local radiation treatment in patients with stage IV non-small cell lung cancer. J
Immunother Cancer, 2019, 7: 38

Wu N, Zhang J, Shen Y, et al. A potential bivalent mRNA vaccine candidate protects against both RSV and SARS-CoV-2 infections. Mol Ther,
2024, 32: 1033-1047

Wu X, Shan K, Zan F, et al. Optimization and deoptimization of codons in SARS-CoV-2 and related implications for vaccine development. Adv
Sci, 2023, 10: 2205445

Shan K J, Wu C, Tang X, et al. Molecular evolution of protein sequences and codon usage in monkeypox viruses. Genomics Proteomics Bioinf,
2024, 22: qzad003

Zhang H, Zhang L, Lin A, et al. Algorithm for optimized mRNA design improves stability and immunogenicity. Nature, 2023, 621: 396-403
Quemener A M, Galibert M. Antisense oligonucleotide: a promising therapeutic option to beat COVID-19. WIREs RNA, 2022, 13: ¢1703
Geary R S, Norris D, Yu R, et al. Pharmacokinetics, biodistribution and cell uptake of antisense oligonucleotides. Adv Drug Deliv Rev, 2015,
87: 46-51

Quemener A M, Bachelot L, Forestier A, et al. The powerful world of antisense oligonucleotides: from bench to bedside. WIREs RNA, 2020,
11: 1594

Stephenson M L, Zamecnik P C. Inhibition of Rous sarcoma viral RNA translation by a specific oligodeoxyribonucleotide. Proc Natl Acad Sci
USA, 1978, 75: 285-288

Vitravene Study Group. Safety of intravitreous fomivirsen for treatment of cytomegalovirus retinitis in patients with AIDS. Am J Ophthalmol,
2002, 133: 484-498

Vaillant A. Oligonucleotide-based therapies for chronic HBV infection: a primer on biochemistry, mechanisms and antiviral effects. Viruses,
2022, 14: 2052

Schluep T, Lickliter J, Hamilton J, et al. Safety, tolerability, and pharmacokinetics of ARC-520 injection, an RNA interference-based therapeutic
for the treatment of chronic hepatitis B virus infection, in healthy volunteers. Clin Pharm Drug Dev, 2017, 6: 350-362

Wong K H, Lal S K. Alternative antiviral approaches to combat influenza A virus. Virus Genes, 2023, 59: 25-35

Gabriel G, Nordmann A, Stein D A, et al. Morpholino oligomers targeting the PB1 and NP genes enhance the survival of mice infected with


https://doi.org/10.1146/annurev-med-042420-112725
https://doi.org/10.3389/fimmu.2022.896958
https://doi.org/10.3390/vaccines12030318
https://doi.org/10.1038/s41467-024-48555-z
https://doi.org/10.1016/j.omtm.2020.07.013
https://doi.org/10.1016/j.omtm.2020.07.013
https://doi.org/10.1038/d41573-024-00095-3
https://doi.org/10.1080/22221751.2024.2320913
https://doi.org/10.1038/s41467-024-47905-1
https://doi.org/10.1038/s41591-024-02955-2
https://doi.org/10.1128/mbio.01775-23
https://doi.org/10.1016/j.ejpb.2019.05.014
https://doi.org/10.1016/j.ejpb.2019.05.014
https://doi.org/10.1186/s40425-019-0520-5
https://doi.org/10.1186/s40425-019-0520-5
https://doi.org/10.1016/j.ymthe.2024.02.011
https://doi.org/10.1002/advs.202205445
https://doi.org/10.1002/advs.202205445
https://doi.org/10.1093/gpbjnl/qzad003
https://doi.org/10.1038/s41586-023-06127-z
https://doi.org/10.1002/wrna.1703
https://doi.org/10.1016/j.addr.2015.01.008
https://doi.org/10.1002/wrna.1594
https://doi.org/10.1073/pnas.75.1.285
https://doi.org/10.1073/pnas.75.1.285
https://doi.org/10.3390/v14092052
https://doi.org/10.1002/cpdd.318
https://doi.org/10.1007/s11262-022-01935-3

hERE: ARlE 202544 S5 FHoM

154

155

156

157
158

159

160
161

162

163

164

165

166
167

highly pathogenic influenza A H7N7 virus. J Gen Virol, 2008, 89: 939-948

Lenartowicz E, Nogales A, Kierzek E, et al. Antisense oligonucleotides targeting influenza A segment 8 genomic RNA inhibit viral replication.
Nucleic Acid Ther, 2016, 26: 277-285

Michalak P, Soszynska-Jozwiak M, Biala E, et al. Secondary structure of the segment 5 genomic RNA of influenza A virus and its application
for designing antisense oligonucleotides. Sci Rep, 2019, 9: 3801

Hagey R J, Elazar M, Pham E A, et al. Programmable antivirals targeting critical conserved viral RNA secondary structures from influenza A
virus and SARS-CoV-2. Nat Med, 2022, 28: 19441955

Lulla V, Wandel M P, Bandyra K J, et al. Targeting the conserved stem loop 2 motif in the SARS-CoV-2 genome. J Virol, 2021, 95: 10.1128
Pfafenrot C, Schneider T, Miiller C, et al. Inhibition of SARS-CoV-2 coronavirus proliferation by designer antisense-circRNAs. Nucleic Acids
Res, 2021, 49: 12502-12516

Su X, Ma W, Feng D, et al. Efficient inhibition of SARS-CoV-2 using chimeric antisense oligonucleotides through RNase L activation. Angew
Chem Int Ed, 2021, 60: 21662-21667

Zhu C, Lee ] Y, Woo J Z, et al. An intranasal ASO therapeutic targeting SARS-CoV-2. Nat Commun, 2022, 13: 4503

Stincarelli M A, Rocca A, Antonelli A, et al. Antiviral activity of oligonucleotides targeting the SARS-CoV-2 genomic RNA stem-loop
sequences within the 3’-end of the ORF1b. Pathogens, 2022, 11: 1286

Dhorne-Pollet S, Fitzpatrick C, Da Costa B, et al. Antisense oligonucleotides targeting ORF1b block replication of severe acute respiratory
syndrome coronavirus 2 (SARS-CoV-2). Front Microbiol, 2022, 13: 915202

Gebert L F R, Rebhan M A E, Crivelli S E M, et al. Miravirsen (SPC3649) can inhibit the biogenesis of miR-122. Nucleic Acids Res, 2014, 42:
609-621

Babalola B A, Akinsuyi O S, Folajimi E O, et al. Exploring the future of SARS-CoV-2 treatment after the first two years of the pandemic: a
comparative study of alternative therapeutics. Biomed Pharmacother, 2023, 165: 115099

Dai J, Jiang X, da Silva-Janior E F, et al. Recent advances in the molecular design and applications of viral RNA-targeting antiviral modalities.
Drug Discov Today, 2024, 29: 104074

Le T K, Paris C, Khan K S, et al. Nucleic acid-based technologies targeting coronaviruses. Trends Biochem Sci, 2021, 46: 351-365

Ni X B, Cui X M, LiulJ Y, et al. Metavirome of 31 tick species provides a compendium of 1,801 RNA virus genomes. Nat Microbiol, 2023, 8:
162-173

1875


https://doi.org/10.1099/vir.0.83449-0
https://doi.org/10.1089/nat.2016.0619
https://doi.org/10.1038/s41598-019-40443-7
https://doi.org/10.1038/s41591-022-01908-x
https://doi.org/10.1128/JVI.00663-21
https://doi.org/10.1093/nar/gkab1096
https://doi.org/10.1093/nar/gkab1096
https://doi.org/10.1002/anie.202105942
https://doi.org/10.1002/anie.202105942
https://doi.org/10.1038/s41467-022-32216-0
https://doi.org/10.3390/pathogens11111286
https://doi.org/10.3389/fmicb.2022.915202
https://doi.org/10.1093/nar/gkt852
https://doi.org/10.1016/j.biopha.2023.115099
https://doi.org/10.1016/j.drudis.2024.104074
https://doi.org/10.1016/j.tibs.2020.11.010
https://doi.org/10.1038/s41564-022-01275-w

RIS RNAJTTE: MRNANN T B AR U] 2 B 27 5%

RNA viruses: from RNA processing and interaction mechanisms to
new prevention and control strategies

ZHANG FengFeng'’, TANG Yao'’, JIA Yu' & ZHOU Yu'*"

! College of Life Sciences, State Key Laboratory of Virology and Biosafety, Wuhan University, Wuhan 430072, China
% TaiKang Center for Life and Medical Sciences, Wuhan University, Wuhan 430072, China
T Contributed equally to this work
* Corresponding author, E-mail: yu.zhou@whu.edu.cn

RNA viruses are a class of viruses with ribonucleic acid (RNA) as genomic genetic material, including some important human and
animal pathogens, such as influenza, SARS-CoV-2, Ebola, and other highly pathogenic viruses. RNA virus infection affects the
regulation of RNA processing in host cells, such as alternative splicing, polyadenylation, RNA modification, and RNA degradation.
These changes affect the replication and translation of the virus’s own RNA, as well as its immune escape and pathogenicity. In the
invaded cells, viral RNAs use the host molecular machine to produce the proteins encoded by the virus itself. These viral RNA and
protein macromolecules form a complex interaction network with host proteins and RNAs in regulating the replication of the virus
and the host response. In this review, we systematically examine the types and characteristics of RNA viruses, including the
representative viruses and the harm they cause. We also summarize recent progress on the molecular events and mechanisms of RNA
viruses after infecting cells, including the regulated RNA processing of viral and host RNAs, viral RNA-protein, and other
macromolecular interactions. Finally, we introduce the new progress and challenges of RNA-based therapeutic methods, such as
mRNA vaccines and ASO drugs, in preventing and treating RNA viruses.
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