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Figure 1 Post-transcriptional modifications of human mitochondrial tRNAs. Red circles indicate nucleotide modification positions and numbers. The

dashed circles are specific to mt-tRNA™
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and the light gray base pairs are specific to mt-tRNA%" (UCN)
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Figure 2 Maturation, degradation and swing-site uridine modification of human mitochondrial tRNA. A: Maturation, degradation of human
mitochondrial tRNA; B: uridine modification of human mitochondrial tRNA swing sites
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i £ LR 2 A XU K AE (mitochondrial - en-
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HERNLATE T X, 19904F, H A H AN
FHIBA R IL, 80%MIMELAS i # #5447 4 ki AADNA
A3243GRAE, BJEE— SRS T A3243GRAL 2
MELASH = Z #5487 Yasukawas A5 41
1 ANAIHE 3243 8 AFMELAS 23 S V5 40 i rh ffymt-
RNAERRA, RILFEmt-Leu™™ 34f7tm’ Lt
BT IEH N40HE, IERAIMALASHIR A5 ki ik
tRNA 3447 S m UE i K T (R B A7 7E 25 1) S Bk

(2) ZRRARIRNAEIGEEGTPBP3 5 AH L5 0.
GTPBP3VE N — A% gt (1) R A RN AAE 1 25k K] ¢ 7
FERERE G 5552 . 20024F, NGTPBP33E R i % 5,
Bl NS 5 LR A1555GRIA1494T 538 S 5L
LA AEMEE B R M ELD 201448, @ X 790415E
UL 28 s A4 975 B 2 AT T A AN B 0 AR e 3 R
JF, RILE M A AR FARRIN 114N 5 B2 R 91 £ o
Wi GTPBP3 S G 4 G RAZ A A, Hp 8 3
BB LGN 28R4t B BE S5 10 2R AR eI 4 R AT
RESZ PR, IXLU R RO 5MTO15AS & 5 AH 2L
AR, AU . FLERER A Mk IR e
Ak, FEX = GTPBP3 S A (4 2 L) % i i
RNAi/ T GTPBP3ZRIE T A4 A 2 (1) A= A AG I o [R5
RIL T R R (A RS DA R RARThREB . 5
MTOIRAS B35 PG AREERF L, K2 H4EH GTPBP3
SRR FE R I Bl 2 A B R R A B R B,
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AHELAE FH 0 SR, AT 5 M B 3 AR v 1, 332k
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(3) HRIARRNAEBF TRMU 5 41 56 %% . TRMU
s — Rl b BEOR ST R RLRNAS I, AT 1L
ZERIARNAC", (RNATSRNAS 3447 5 2510 712 5
BBl I JR M e T i 2- B AL B . 1ZAB AT RN A LS f F2 e
PEL B REBEAL B ) DA R 25 - S 5 R ) PR R 2%
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3\%[43,52].

20064, & s A\ E i m. 1555A>GE
m.1494C>T AL 1161347 £ 35 Ok B 14N BT hi4H- LA
BB R 2104 72 KA/ TR FEE UL 31 E K
R)BHTRATHE, | T TRMU A10SRAR, 55l
m.1555A>GEim. 1494C>TR A ETRMU A10SEAE L
H#E&EMHK., TRMURAZ A TRMUS H 1IEH#
HIZHE NP, (HE SEL R ARNARRS FHFAE
A 2. 20164E, MengZ APHit— Sk T
TRMU A10S5m.1555A>GZA5 ) [ 1E F S 20 B R gt
FEMEEFE I, 70 RBL, TRMU A10SZRAE 5| i
TRMU R FHE R IRE T B, FELHLARNA 3447/
HH2-BAB MK T K, AT 5] A RNAAR S AL 4
BB BE R BE . ROSFEAIE NG R 54145, XL
AR IR T m.1555 A>GIRAS A S B ik T e
R, A58 AR T - RR MM ) B8 1F 1 B, & T 5B
FRFIL. 20184F, Zhangs APV N E KA A T
TRM USRI T 512 (FItRN A 1 B . (RNA S %
Bl B B TERERS I ATP & R PR 5 R4 ki ik T g8
WRehs S EUBE I I A% R P 43 T B

2 mRNA m°AM&H 5 59%

21 meAREMEA
NO- R BE R 7 51 (N -methyladenosine, m®A)f&
ZAEYImRNA FEE &S, 250% L FA

IRNAZEPIIEFE, 75 22 Fh A= 2R 33 27 o 2 v e o gt
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MR A AEAE 2 mC A R R Y (E3).
Hi, REEBEBIESYHZOMMETTL3,
METTL14LL 2 WTAP, VIRMA, ZC3H13, HAKAIZS 4
BRI F2E R, s A B0 3 R AL (fat mass
obesity-associated protein, FTO)FALKBHS5(AlkB
homologue 5)sHlm° AZE #4 py (1 m] 33 P 4507 m°A
mRNA A LS54 8 (R B IR R v shfe, &
FEYTHDFs™, 1IGF2BPs'”, FMRP " HIHNRNPs 24
% Fig & & Ak R R 3R R AR ARE me A IS 1 2 2% H.
HEMAEBINEIE R BT, MREANRER T 5505
NP5 % VA K.

2.2 mRNA m°Af&Hi5 AR5

(1) m°AEH S5 . % AT 72 2 91, mCAB 1 5 b
TR AA IR, TR 75 g v i 256 TR s
S L R A P (R D) T K B 0 LR e 2 Y
B EEm AR B A S B PR AL

B e i IR TE A E R 2 —, X A\ i
BRI E . ATAOR I, B T A mC ATK 3
{5 METTL37E B makik, 8l in 2L HDGF
HZMYM I AR e, ek B e f0 A KA b -
] Ak ALY, ALKBHS U4 &% ILTE B e h s
i, IfiEit ALKBH5-PKMY T1-IGF2BP3 3@ I {12 i3k 5 e
#R mC AL S E [ YTHDF1 A 538 FZD7 mRNAK)
B, WS Wt B0 T 0k B 88 £ R R A0 &t
XY THDF T K 4 A A BE AR R A Rk s /N T4
RNA, X B (R 5 R R A B A (i ) 1 17,

JiF e A i BN BB T (1 58 = K . W AR B, AT
BRI f8g HMETTL3 =128 0A, s Wntii B ifi {f it 4
B REATRY. M4, METTL3 A F i
YTHDF g it Snai B 153k, B7EY THDF2[1) % Bh
THNHISOCS2FRIEAE B K . H L 55 I 1l
WTAPHIKIAA 142938 it F 4L 3 ETS 1 501D 2 5L K] (1)
Rk FATHETE 2 R H R, HAEFTE m'A
L EL RS g A P AR (R EVE B . METTLI4YE =56 %%
e o R, 85 5 DGCRSH HAE F 2 i pri-miR 126
Fi3 ke bt T B PP o i i 7Y 22 B AL BB TOE JFF
i Th B R B A E AR T, mCAfERTE T
A P AT R HAAR I 548 S R iR S R PR )
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Figure 3 The main regulators of m°A modification and their biological functions. The mA regulators are mainly composed of mA
methyltransferase complex (METTL3, METTL14, WTAP, VIRMA, ZC3H13, HAKAI), demethylases (FTO and ALKBHS) and reading proteins
(YTHDFs, IGF2BPs, HNRNPs). The methyltransferases and demethylases work together to regulate the dynamic balance of m°A modifications.
Various reading proteins mediate distinct RNA-related biological processes. YTHDCI is involved in pre-mRNA splicing, nuclear export of mature
mRNAs, and degradation of non-coding RNAs (nucleus). YTHDF1 facilitates translation, YTHDF2 promotes mRNA degradation, YTHDF3 assists
YTHDF1 and YTHDEF?2 in carrying out their respective functions, and IGF2BP1/2/3 enhances mRNA stabilization (cytoplasm)

4k, YTHDC1 ] i 352 5 m° A& 4 I 5 3 - 43 B9
{HE AMLAHSLAE G A e R MRS, SR,

FHR.
SEBE & [ L% (acute myelocytic leukemia, AML)

JE A RGN B S I AN B S bR, A R R
PE. BRI, WTAPHIRBMISTEAML 5 %
BT METTL3#EAML 3k, 390 3£ BCL2 AN
PTEN mRNAFHFAE, BUIHAKTE K IEEAMLA
P A4 R R 3 770 METTL 1436 07 3@ ik 34
MYBFIMYC mRNA m°ABHAFE#EAMLK L. it
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W& W, FTOMALKBHSEAML & ik H e it
AMLK TSP $RTRm AR FROUR AR V. AR,
EEXTMETTL3MEFTOI A (/) 73 5 H 1l SR AIE 5 7] 3
S me AR LR R AMLERE

m®ATE 55 B it XU 45 /E . METTL3
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Table 1 m°A modification levels of associated cancers
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55 e T /A% METTL3/METTL14 TR IITE . R AT R Al g8
areimam g METTOMETTLLETILLOPWIAPRBMIST e AMLAmHU A RAER R A AR
. . METTL3/METTL14/WTAP/YTHDF2/YTHDC1/ S R s e EEU -
B2 e e F= IGF2BP1/FTO/ALKBHS et R AERIE. R, TBEMEZR
. . METTL3/ALKBH5/METTL7B/ALKBHS5/Y THDC1/ i R {2 [56]
Jiti 9 e YTHDC2/Y THDF2/Y THDF3 {Et PR e sE . 1R ZBFIEFS
[~ . METTL3/METTL14/Y THDF2/Y THDF3/IGF2BP3/ R (2 £ [
S IH i LB AT R RAITRS
. - METTL3/METTL14/WTAP/Y THDF1/IGF2BP1/ o (5]
AP e FTO/ALKBHS {E LRI 5E . (RIEFER
dlisi FEAR METTL 14 1 g 1
LR < TH & /I METTL3/METTL14/Y THDF2/FTO R B g 1 o g 43
AT e METTL3/Y THDF1/Y THDF2/IGF2BP1/FTO/ALKBHS TR RITE . R EATBY
U o METTL3/METTL14/WTAP/Y THDF2/Y THDC1/ R R (2 A2 (93]
B It NI GRS R RAITE
PR IR R IR T/ A% METTL3/FTO/ALKBHS TR . R AR
i R Fti METTL3/METTL14/ALKBH5/Y THDF2 R R e T AT R
TE P [EA% METTL3/METTL14 libeid it el A

5 N UFHippold@ %, 5l 5 GLUT 1R 3 A mTORC1F
SR, EiESs RE  k ES Y METTL 1478 45
WO R A R AR, HAESS R g RIA
T, 8t m°A-SOX4-YTHDF2i# i 5% /r S:XIST RNA
frIm® AR FL 2 1, I &5 e o 4 1 .

B DL b LR RE AL, mCAE b R BTE oAt i
R . METTL3/ERS e T m Rk H 5 9l)E 2 &
FE ARSI, 7 JEUAR i s A A /N2 g o B R A
i RIS R S, T 18 A B METTL3 %
AR EMETTL 145878 S 805 Am AT, Bos
AKTIE 6 I et & Y. Sk 3, mCAKPAE
FUBRECY L BE™. g, el o
HgPM L A pE . w2 R L R e e
HISAEAE R RIS (E4), 187 H ORI B e 2
b S ER T R ) AT BE .

(2) m°A 5555 RGN DR, me A
Bl 5 028 T 98 2 (R 4 i FR s AR 56T 2%

KR PE <5 K (rtheumatoid arthritis, RA)EE K
ALKBHS5, FTOMIYTHDF2#iA W] & FFE, #E Lk
m® AZK - & H 5 FTOR & 8/ 2 fuk U i
METTL3 7] i i NF-«xBI& 72 301G Jl 4T 4 20 i A i R 4
Fa, {30k 46 i BN 1T IEERA & YY), METTL38k
METTLI14 /)8 2% S5 Th17 M Treg i i 2 ] f) A4,
BEMTE R AR 2 BAh, 1RGNV TIRE
B A0 i o8 B m AR T R Rk KT R A
AU, %2 e MR AL BB I BV A P £ FmCA
R R T2 IR, SR mC A 7R KR
WL AT B R4 B AE .

(3) m°A SO A HR. O ML — R %
RIBET-HIZAE TR, R 2 i R W,
m ABHTE St e b s B AU, A i R
W R m A A TH i, BB METTL 1477y /45
it et s g™, B4k, METTL3E S ik 45|
O LA AR K, R O LA A I METTL 3 K/
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Figure 4 m°A modifications in various cancers. More details are detailed in Table 1

BUOIE TR A AT Be A6 FTOMMI 3010 fF U 4
A I S A I B AR D LR BRI 4. i RIAFTOR]
PO U BE S 38 N A RO, IR B 5
RO NPT RERERS, FTORIR S S BT AL
B peAh, IR BT R R, 1236
m°A-SNPs 5 & L V1A 55, o XU BRI 2 43ty
W5 Fm A FWL L S 20 AR A7), SRR 7 R B, m°A
B S e o 4 3 T 5 R A S S B A

(4) m°ASPE RGHR. M AEMZTTRE . W
LMK E DR E R R A K e
AR m A KT R SR A R G
YA, W R, mCABT 2 5 A Bl 244
BENRE, FEMETTLI45 YTHDF 11§ 5% 15 5 AR A0 &
T AR A DG EE R (R BRI A, AT ek TR R AR K
M H X, SRR E A T4, METTL3MIFTO
I 2 A5 8 S AR AR e O R R R i
BRJE (Alzheimer’s disease, AD)EE S {A+HMETTL3
RiE L, S4B auE Aeign, RH-E2
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(6] W] B8 A7 76 A et X 5/ BROE A o U 8% 3
METTL3% 3% Fif—#%"". IGF2BP27EADEE (A
WL Z L T, 5 g e L el i A AT e S
ADIIR A=A X4 295 (Parkinson’s disease, PD)
5 2 EERE TOZ A0 0%, PR SUIRIA D ReRw G, A
W7 B, METTL14H B 5 2 B SCIRAR A0 2 T0 %
LI I 2 E R EUR Y. Rz
&7 S IPD K BB, SCIRIKFTOZ . F i Hm®A
ACEREAE, @I EHENMDAR A §3 £ P L4 TtAE
1\:[115].

3 mRNA m Cgffi5 A KBk

31 m’CEHiREE

m CAEMITE201 40 704EA R R TR IE4ER, m’Cig
o v A N B RS B IR R R, B FRERNA E AR
#5917 (RNA-BisSeq)« m C-RNA G e Ml /7 (RNA
m’C-RIP). 3Lk BA% 9 R 40 3 R A8 e M G FE WL
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W ¥ (methylation  individual-nucleotide-resolution UV
cross-linking and immunoprecipitation sequencing, mi-
CLIP-seq) f15-Z 4% f 1 /5 BIRNA S JLvE M7 (5-
azacytidine mediated RNA immunoprecipitation, Aza-IP).
T 25 LW, m’ CIBMiFRE 12 4745 TmRNA b, &
B PRGOS TR ICGE £ X,
mRNA MR Rt gt ey
O mRE PR B i TS AR, B 5
s BRI kA kR R (RS).

NSUN2H R I AT AL F AT ORSF A GURs = PR A
A EMIEAE I mRNA m*CEME! Y, 72 R i R A
R RFEEZVIEN. TRDMTI# KILE W |
HEK29341 i mRNA m’CHEM, T 1 40 1 58
AER)L NSUN6F ZHE A i fmRNA 3" JERPEIX
(3’ untranslated region, 3'UTR)K& F&EF3AHCTCCA
R Im CIEME, RIS HimRNA R B R4 b 7,
TENRMRREA R T, S5MR s i,
TET2/E N A mRNA m°C2: kLB % e, 8
R P 0075 200 B P4 VA SR 5 R A (1 1
IR, 3 m C R R R A TS R i R 1, A
TR AR A R 7 32 A BV A 5 1) 9 L R R

ALYREF{EAE A mRNA m CiRBI&EH, #AI
A K7 RS GmRNA m° 'Y, 2 5 i
FEREREY, YBX L AR 5w 45 M5 W6 | A
HHMRNA m’C"*Y. YBX2iHHIMRNA m’C, J/r
mRNA 5 B,

3.2 mRNA m’CI&M 5505

() m’CIEMi 5 MR, CAREY, &8 48
FINSUN2#EIE i, SUMOAAE 4> 5 mr JL A 58 PR AT
Bl K JE4FSRNA(long non-coding RNA,
IncRNA)DIAPH2-AS 1@ 13 #E il FeK 577 FIK 579 7] 952
2 HTE AR AR, ALPIK3R], PCYTIARINEN]
mRNA m’CI&41, SmRNAFRE AN e v, (250 B
s TR AR IncRNA FOXC2-ASIHE B ¥
HRIEEBETE, ATZEENSUN2MEILFOXC2 mRNA
m CIEME, HIYBXIR SR A 2, 5 BEIK
JE A AE TR A,

EREBRRM R AT, R FFE2F Al if%
NSUN2@& £k, #1LGRB2 mRNA m’Ci&if, #
LIN28B iR 535 o fasg e thah, ey Ry 5

FINSUN2IF RS I, HEALEAE A S mRNA m’CHEHIf
ML AN i AR Y, (R A R A L 1 K
JEFERE, SRR T AR, NSUN2ZE R WA IR 41 i g
MR E R, Um Cklin 7 R B SR T
TEADI, {2 H3he iz 221,

JR % b B2 A0 e (uroepithelial cell carcinoma,
UCB) LB 43 #F % [mRNA m’ CIEMR I, %5 T3
% B0 R REE R Rm CIE M, #a7n T NSUN2IE T f#
LHDGF mRNA 3'UTR m’CI&4i, YBX1iM R FF455E
ELAVALI#E45 FRa e v, 9830 7 UCBRI R kL,
k4, ALYREF# it 454 PkM2'" Y RABL6FITK 1M
mRNA m’Cfi7 i, SomiHAa s PEAN T E, (2iEUCBIY
AT AN HE R

B LR 2 B B (P R R b R M O
2915 90 HIEHI90%, TNk AERE, HERZE.
YBX1 lys304T #{SIAH1Z %1k, SEHLHLEm C-
mRNARF &7, 2 5 (cervical cancer, CC)4 4,
NSUN2 T {4 KRTI3FILRRCSA mRNA m’C, YBX1iHl
SR A T I, (R RECCig T AT R Y I
UEURAALE, SR T B (preeclampsia, PE)GAL/A1E
FHHIMRNA m°C, 2GS X £ 1E 300 73 5 a4
fiE, Ey SR AR I R 2 DR SR AE 28 0E A S i
%% 5PRIEDRHLHIT.

WS R I, NSUN2EH] 41 I (prostate  cancer,
PCa) mi ik, MALMEE 2R MM’ CEM, LIYBX]
st ) 7 G s AR e 1, (R HEPCal kA4, THER R
AR 7 B AL e T HHINSUN27EPCadt i H 3%
ik, I BEEm CK

AL A AE B mRNA m CIEH, 354
m’ CIEMG 5 A RS G 48 A AN H 2 3 s A 5l
FE i s 2 43 b, NSUN2JEAL YAP 3'UTR m’CH&1,
ALYREF IR A 42 i Ho Az e v, B smaMs A o b, (i ik
it Mgt 1 S 1 R R RN 4 AZD9291 (35 =4REGFR-TKI)
(o 24 k2,

B UL b JURPERE AR, m  CAS B o LLE oAt b
S T 59 S ) 2E R m i, S5
2 T Ee AR E S NSUN2I R ALYREF! )78 fiF
THLhERIE, NS T HEmRNA m CHR S, @i
Rasf{i5 510 B 1 15 e T R R R UM, &5 s
HEFE. EPAx 1UKE) [ R R /N RS, NSUN2
fEREIE P RIE B B, S m’ C-mRNAFRI B,
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Figure 5 mRNA m’C-related proteins and their roles in RNA metabolism. A: The location and functions of mRNA m’C related proteins; B: the roles
of mRNA m’C in human diseases

A R RN S E R i o U ik, M EALEABPS mRNA m’CHIBEILEENE, 4
NSUN2ZEH PI# (osteosarcoma, OS)ALGVRIZRNLTRG  FROSHINLr MBS BRI, (RiOS K.
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i SR 1L P B VA 452 473 (ischemia-reperfusion  injury,
IRD) AT 5122 ML g E i, 70 S0
hm CTHE, AL H E R mRNA 5 R 8 A
M TG R B EM K, S 5RERMYT. NSUN2
BRI TN 5T 20 L 20 U8 7H ATX 3'UTR
C27651&4fi, ALYREFHZ L A%, W5RUSTH)
E%[IZS]'

2) m’CEEMi SR MRIR. A4/ K-17A(in-
terleukin-17A, IL-17A)CHUEIIZ S T %M H & %)%
Vet 1 Y NSUN2IE S i 6IL-174 mRNA
C466(1m’ CIEME, Rk 1 IL-17A7ET Ik T 40 i v 1) B9
B, 5 R 2 - i 2 R I fE (hy perhomocysteinemia,
HHcy) % ST B35, Nsun2 5RoRytfB 1,
MR Th 740 B S S8 40 L Xl 7 mRNA - m’CH& 1
MR, Mo SRR R RaE I, B SR kR
NSUN2YE R ML B IE 4 ICD4T TR
%, m’C-mRNA%L H THEEAE KT FRAR, &P AL
ffm> C-mRN A 5 % i Rl 4 2 388 1 3 A 610N 78
SARS-CoV-2H1#&Ffi 2 K AL I 4B B, NSUN2E K
IR A S IRF3 mRNA m CAE R IE sk 3 b, 5
FURF3AN R WFIFN-B I/ WA BEAR, S0 [ BT E R
N, T TR PENSUN2 KSR R G A A FEAIC,  DARG 54
MBI N, A ROEBRE. hAh, NSUN2#R
LA AL HIV-1 RNA _FRIm’CI&H, 4% 7 HIV-1 RNA
(R e B AR B AR R R A ORI, TE
A AL 200 0 U SR TR 4R 5 1, TET24E N A
mRNA m’C2 PR A B0, 38 5 s 5L
mRNA R E V(I TSPAN13), B0 | bR 132
f&4(C-X-C motif chemokine receptor 4, CXCR4)HJik
4{[127]-

27 F g, mRNA m’CR GG EACHIENS
SRR, R, ER% RGN R A E
J. e B LB S MEmRNA F A R, 7% 1
RAR BRI T EEAAEER. (HIEAEE
MEAZ M, 2 5@50EEZEN, BT
SEMRNA m CAEH 3% B0 JL R 0 P AN T RE AR AT
BA -+ \EEE . EAh, mRNA _E 1) 2 FEimxt -+
17 ot A [ ol 2973 047 [ [ G [l RO VR VE L,
RRELE R — R RFIAE R, KA RIS 4 1) i 19
GEEMRNT, WM R HESIRNA VA% AT 7 A 1A% 9
HAEY R P .

4  mRNA m'AEH 5 5%
4.1 m'ABEREL

m' AP R AR AE BRI N Gr - f)— R 25 ] 1
R E, T1961FEH R IM™ . m'Aiis
SZMRNA 45 M) DL RNA S 2 (1 2 (B A
PER", m' A HTERNAFICRNA ) 4 850, Wi /e
mRNAHZEEE, FERNAT, m' AMBHEET
R AR A EAZ AR YIRNAK 559, 14, 16, 22, 5741
5847 i O FErRNA, m' ARS AR T 2E B i READ
NEARSF 11288 rRNARIEE 13224 5 L7 bl
HESNIZR KA 16S TRNAKIHE94747 s B fE ki T
R L 2 A0 4 L 22 FRImRINA R, 485 45 m " A (1 Ji e s
Y915 BTG BRI A £0.015%~0.054%; 117 7E I FL3h P 4
A2 150.05%~0.16%" "

m' AP IR (S B AL A, FRREAE
F P EALEE IR R As i (16). (RNAFFEHFS
B 5 i B A TRM Ts 7 57 14 S- it FH R & 2 (S-adenosy]
methionine, SAM)H 1) H 3 3 [ FE 7L 45 RN A A BRI
B 15 5 R T TRMT6/61AE A4 TT LLiH 5
mRNAT{JGUUCRA(R=A, G)¥:F 2L TRNA L
I T-loop&ht, LUMEAm' A =AY, TiiFe(Il)/o-
P 52, T SR o) SO 4L I 5% et I ALK BHs U R 45 2
Bem' AR TIRE, 140, mRNAm' AMEHE AT B
ALKBH3/ S22 FIEAL e RiR 1Y, RNAGE &2
H(RNA binding proteins, RBPs)/ 72 Z 5RNAfrig
IhRe M ASE, AW ~, YTHDF1, YTHDF2A!
HRSP12ft 5#Hm' A mRNAZE &, "fgZm'A
it el

42 mRNA m'ABRIThEE

m' AT I mRNARS, AFEmRNAL
ghb) . U RE, S 5REFREMET AN
Y T A AN R, m AR
Z310)_F A RNAR) 450 m' ARB M mRNAFE
SEEREE L E hm ABW RN S, W
YTHDF24: F i #7r ## m' Al mRNA K =
OO m AP AT 8 AL T mRNA B R 46 17 A5
MV — AN BTYIAL S BT, 5 A0 5 s A B
FU T mRNA F#545 fm' A& T BT S5 tRNA -
PR WE () Watson-Crick i 3& Bie 5, 3 i 300 i) 9 128 i
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Figure 6 Reversible regulation of m'A modification in mRNA. TRMT6/61A methyltransferase complex catalyzes the methylation on the 'N of
mRNA adenine. The RNA-binding proteins YTHDF1, YTHDF2 and HRSP12 recognize and bind mRNAs with m'A modifications. The demethylase

ALKBH3 mediates the removal of mRNA m'A modifications

Fl16s]

SRR 2 R 9T R IR, m' AMBHRTE 2 Rl ey
M EEEA G, Fln, EHMR AR RO R,
m' A 1 mRNA T T A1 (I mRN A 56 R 4 7E
PRI, (R HEmRNATE R S 3 2 s Rl ik
AR AE A 7008 BERN A Kt AL 45445 1 3t 5 o
RNA - m' A1, HERGIIBEEAWASCC
(activating signal cointegrator 1 complex)K i 3 HH 1%
007, m' AT N B TRMT6 1 ATT LA AL 7 2
FEmRNAH Im' A1, FEFF TRMTG61A S FFARIEA: -
HHRHSESE, s rrmst e, sk
Bl, m'AMEHIHE B ALKBH3E 1 2 KR 4 9] 2 41 6
T T-Aurora A mRNA_F[fm' A7 &, 16
mRNA R FRE PERIBH R4, (R AT B SR,
M2 55 DT BHXR g,

43  mRNA m' AEH B3 75 3

e 8 B P BOR [ K R A 45 Re 1 BE A T Hh 1A
mRNAH m' AP (1153 A5 F15h 5284k, m' A-MeRIP-seq
FIH m' ABUAT 5 A m ABRIRNA F Bk AT S
P M EEENT, & S8 Z T .
b8 J5 FE & HIm' A-seq, M5 % m' APUIA S AR IRNA F B
HEAT Dimroth B HE &S (B 26 18 T 75 Sm' ARSI EE AR
BmCAMEH), SRJE I 4 Hrm' AR 5] AR B B A T
Bk % Em AsA S, BAh, BRI L
I SR A 0 A S P b B B AMB AT 4 R AR
WrEk S AS SR, TR T — I 7. 91 4, m' A-ID-
seqfm' ALK S UTIE SRS FIRNA K B, i FHAMV
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(avian myeloblastosis virus)i¥i 5% & BF#E T cDNA G K,
HR A CDNA A 7 B AR B 3 A m A S 5
B m'A-seq-TGIRTHIm' A-seq-SS43 | 0 44 ¢
EFTGIRT(thermostable group II intron reverse transcrip-
tase) M Super Script TIHENE S T HLLEm' AR 57 A=
Tl o 5 T A0 A T 1) SR B, AT SRR ) R b 2o
m' A EEY m'A-quant-seq I FHRT-1306(—Ff T.
TR A O HLTV- 1330 3 il £ 30 et 7 P Bm ' A
WAL s 23 R A TR R GG 10 S B, ) P 3 2 o) B A o
Pretom' ARG RN, ZOTARRE— A A
m' ABUAR SRR LA K I ALKBALEE, RS H A
KA EmRNA L2150 m' At ", m'A-MAP
L5 DL ATKB 25 Frm' AP AT TGIRT A 5 ) 130 4 St 4
BE, 7E AU mRNA LA I 740 m' A1 AL
& [173]

4.4 mRNA m'ABH 555

A NATR BN KA I mRNA 777 m' A& A,
B FLAE B R A R bR A e+ o PR
mRNA  m' AP I % B 7E 2 R bR 41 40 rh 7 %
%, S5 R A R ERREEDY. B SR, CSFI
(colony-stimulating factor 1) FL R & BF S A KB
TG W35 A%, ALKBH3 P 2:F2 CSF1 mRNABIE AT UG
fr ST FIm' ABEHE, $2 25 CSFI mRNARIFEEYE, M
TSR A R e Y. EES SR EE
H, ALKBH3JE 87 CpG & 17 75 B 2 1) FE Ak K -7
AL, o H AL KT 5 BB R R A A 77 A 2
5%, ALKBH3[{IHE 34 2 S HmRNA m' Al
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ISP 1, 2 5 R 3R i e A AR, 3 e E T 4
WREE R ATPSDJ 2R Wik ATP & B 1 —
Sk, BRATP5A mRNA [ HIm' ABHigs 4T+
FRH PR, TR bR fr) o et 7).

5 mRNA A-to-14i4H
5.1 mRNA A-to-14g%E %A

iR H FI WL (adenosine to inosine, A-to-I)F il 2
JR 1 (cytidine to uridine, C-to-U)j2 - B RNAZ# 42K
AT mRNA - A-to-1%5 - mRNA 2155 3% A6 5
JE AT RIMLE]Z —. SRR HLE] RN A BRI B 2
fiff(adenosine deaminases acting on RNA, ADARs)/»
U7 ADARSAE 5 HE AL ARIE S (A AL NILE (D), 765
S AEY R, DO IR SN ST (G). ADAR
EAFRE N E A, N
BERNALE & 45 445 (double-stranded RNA binding do-
main, dsRBD)-5 Cu ) it & B 45 #4) 3k (deaminase  do-
main, DD)ZH%. RNAZA 4N S RNATF A K 45
R, ARG s S =R S, TE L3N )
A = ANADARZ G G (ADARL, ADAR2FI
ADAR3), HPADAR3GRZ gwiRiE M, TReS HAl
ADARZE 4+ P45 £ dsRNAs, (R 2o (1) 2 1Y,
ADARI{ENG 18 7] LA455 Z-DNAMZ-RNA R Za g
(B 7). A-to-1 RNAZwHHAT sSEmRNA )72 7040,
AN AT AE AR R AED R R B SR E FiASF. i,
N, RNAGHIEAL 5 B AL NS T REER I
X, BEANEA —SE A 5 o A1 7E g X S AT miRN A
,Xigz[l&]'

5.2 mRNA A-to-1433 5 ¥

JEZ 5 [X A-to- 14 48 52 RN A 4 48 5 7 (1) T e 2.
—. ADARIA SISm0 X RNAGE, 4552 B 2 X
RNA%w#5 0] i TAnic<H T F“IEFL RNA, fFIMDAS
— RN A B S8 % Py 5 P dsRNA R 7= 2 f ),
TE S R AP R G rhite 45 B B M 4 % E . ADARIRK
Brs SHUNR T X AIdsRNAME S E5@ I I, M
T ERGEEE! S5 5 2 AR, A-to-1 RNAZ# 1T
DLRIR 1 B G 2 i R AR RUR R, % T AL,
KRIBPESTT 5. B e VRN B 2 B RS M43
Mg Fn, ok MR R, A%

5 X A-to-14 48 70 MR 0 R A8 R e A ke 55 B BE
YEF. ADARI S SR T DIae ) vz Hol s A1 A,
R 2 R 2K B A ADAR, #8941 At 106 388 40 K
B S S s R A Y ADAR T RNAZ 3837 P4 7]
DTS RTS8 SN, AT 184 SR AL A Sk i R ) A% A
SR ADART LR R S B VAT U R A ]
e sz Y g4k, Bt Z ADARIFIMDASE
ADARIFIMAVS [/ FRTE H A 5 B 56— F AT SR 22 38
ToHSRI9SI961 - 3a B AD AR 134 Rl R ) LAt G628 £ SRR 22 11
B REE. BT R, ADARIAEE Zags s e HE N
PR FIAC AT AlugGC I FIRNAZR 4R,  PLBT 1IEdsSRNATE R,
%15 FZBP1(Z-DNA binding protein 1)#i5.
ZBP 1335 W 2 5] K caspase-8 & #1441 fg 7 1= A1
MLKL(mixed-lineage kinase domain-like)/\ 5 /IR0
PEETS, BT S SIADAR 1 a5 /N R se 27

e s X FIRNAGm A, i X IHA-to-14
B HE L) D e ARl I U RNA 7 B i AR e
NI A K SEPoIE: AR O NPN L ael: IPNE
AMPA AR (-2 Fe-3-F2 FE-5- F 3 -4- S TR I D R A2 A,
AMPAR) & B & MR % 42 (glutamate receptors2,
GluA2)WF 3, 1 L ADAR2S™ 5 (45 i Bl 3 Ab it 47
RNAZ#H(Q607R 7 f1), A Tk AR Nk =K.
R 2R -5 A7 L I A S A L s 1 Fi A, (5 il
TH B ORI R AE OO R Ym i I GluA2 T FE 2 45 5
Fr[yBIER), TYmiE S FGluA2lE 32 45 B 7 A5
B, X0 IE R AMPASZ AT REIR 2 Q/R %
LA R B AP 4 ol i sl T 3 m, I B
FI A5 GluA2 MF 3 78 Ji N\ K v # 2 4 6 i fg 2022042100,
i T YUE AMPASZ AR B FIEEYESL, GluA2Q/R
YIS F A AR BRI, A Yn i )E IR GluA211)
AMPAZAR BN R TE I FIR-FAE R R, T A RE
Y GluA2 T AMPA 52 18 BAT 1) P #E L 1 FEL - FEUR
e g 12002 e ah - g I GluA2 ) HOE TE S R
FER I GIluAMK. 4/ R I GluA2 R GmiE N 2 K AR
P R A R TR I, 7ERE AN F KR
() A G I Glu A2 19 /)y B HR 2 77 A DAV T 28] it 87 %
SR RIRIRIZ Th ek rg > BAN, BTG ] R I
P A28 AT RS R 4 A GTu A 2 317 32 ) 52 145 15
TR T EA KPR BRI 4 2%
T ALE B3 1) T RS AT, Q/RAE A5 4 AN 2 FI GIuA27E
IR IEE A TTARAE T T B A RO E AR R
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Figure 7 RNA editing systems and its functions and applications. A: There are three highly conserved members of the ADAR family: ADARI,
ADAR?2 and ADAR3. ADARSs contain a catalytic deaminase domain and two or three double-stranded RNA-binding domains, and ADARI also has a
Zo domain that binds Z-DNA and Z-RNA. In addition to the constitutive ADAR1 p110 isoform, the mammalian ADARI1 gene also expresses p150
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stranded RNAs; C: coding region RNA A-to-I editing changes the amino acid sequence by changing the RNA sequence, thus affecting the function of
the protein; D: A-to-I editing of viral RNA affects the host’s defenses against the virus and the host’s own innate immune regulation; E: gRNA with
target sequence binding domain and ADAR recruitment domain can be used to recruit ADAR enzymes for site-specific RNA editing
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Post-transcriptional chemical modifications are prevalent in various RNA molecules and play a profound role in biological functions,
including the regulation of RNA splicing, translation, transport, localization, and stability. Recent advancements in high-throughput
sequencing and chemical modification detection technologies have facilitated significant breakthroughs in accurately identifying and
localizing different RNA modifications, such as m°A, m°C, and m'A. As a novel category of epigenetic transcriptional biomarkers,
RNA modifications have garnered considerable attention in the diagnosis and treatment of numerous diseases, including tumors,
neurological diseases and immunological diseases. This review aims to provide a comprehensive overview of the biological roles of
RNA modification and editing, the underlying molecular mechanisms regulating protein expression and further highlight the progress
in the application of RNA modification in disease diagnosis and treatment.
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