DOI: 10.11844/cjcb.2025.07.0002
e 40 i 25 022 244 Chinese Journal of Cell Biology 2025, 47(7): 1485-1499 CSTR: 32200.14.¢jcb.2025.07.0002

B, RFRFFEEFTAUNXNEBARA. HEASRT, BFAFHERTE
RAEBEHAR R 20178 TFERFRL T AR FZROF PR LEL NN
25 A SR E 2., 2017 Z200RFE L EHE RS ESRENE
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F N°-F A 3 (N°-methyladenosine, m°A)E 4 A4z A4 F &K F 5 49 RNASAF, T A m°A“FH 5
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Abstract RNA modification has emerged as a widespread mechanism for regulating gene expression

during cell fate determination. Among these modifications, m°A (N°-methyladenosine), the most abundant RNA
modification in eukaryotes, is dynamically regulated by m°A “writer”, “eraser”, and “reader”. m°A influences RNA
splicing, stability, translation efficiency, and chromatin states, thereby participating in embryonic development, im-
mune responses, and the maintenance of genome stability. Recent advancements in epitranscriptomic sequencing
technologies have enabled precise and large-scale detection and analysis of m°A methylation on RNA. Furthermore,
significant breakthroughs have been achieved in cancer research related to m°A, with several small-molecule inhibi-
tors entering clinical trials. This review aims to summarize recent progress in the role of m°A modification in cell

fate regulation, with a focus on its dynamic regulatory mechanisms, detection technologies, and its impacts on RNA

fate, chromatin states, and cancer progression.

Keywords

RNATE NI (E B B AL id 3%, fE oK
VL R EKFEZ AR mRIERERE . EE
K, RNAMB M FE R Rk 1 R AL AR Ry 78 1
ORI NS, 193] 72 00 .. CRIH RNAE
A 1702 Mk 2 2, B HENS-H B I E (V°-methyl-
adenosine, m°A). N'-H ¥ (V'-methyladenosine,
m'A). N®2°-0-— H R4 (N°,2°-O-dimethyl-
adenosine, m°Am). iR (pseudouridine, V)%, |~
2 AT TA5 8 RNA(mRNA). #Hi1A& RNA(TRNA)-.
35 RNA(tRNA). KHEIESi IS RNA(IncRNA). il
/WRNA(microRNA). AR RNA(circRNA)%E 2 Fif
RNA, %} RNAZE ) Je Dy REBEAT KE dif 2 o oo,
mCAE I & FLAZ AR W20 B g L ) N A A 2,
GIARHIE . FENLE S AR5 D RE AT TS I o TR
B

FLAE 20t 70K, AR B mRNA E
FEE mSAREIE P, FR6 moAE I 5 mRNA R AR E PRI
AR, 20120 904X, HEFTN S 4E HeLadll %
E R T —Fh B mRNA m°AH AL 1L
EEMEA. B EAl, ZEAEE TS
S- R H A % R (S-adenosylmethionine, SAM) ' 3
WA R A, 1K — R I — Ik 1 A B )
B, 1% A ¥ 7 % A METTL3(methyltransferase like
3), HHEHIA N me A F AR P, SR, T
I B R = e i B 7 AR mOAE AT A i S 4
KA AL, N Z 5 me AME T B 2SI ML TN
W, m°ABIIER GIE AT ST . 20114, JE
JREFE PRI #H 9% 85 4 FTO(fat mass and obesity-associated
protein) 3 R4 A4 mCA 2 FJE AKX TT B (1) AR 1A
KRB L, 55— UK FTOM: & A m°A 2 H AL,

RNA modification; m°A; RNA stability; cell fate; sequencing technologies

57~ T RNA mCA AT 7E B 324 7T 38 1) i s L]
3R 7 H 5 DNA R B2 i B A R A 0L
PR HER]) [ R S B AT %

I 5 0 7 B AR AN T 558, B N DB mOA
AT e P PUR AR R TR S DT iE 5 R — AR
J¥ #8454 (methylated RNA immunoprecipitation se-
quencing, MeRIP-seq), £l T H#t & 7 H m° A
T Pl U8 s T A S A R R OR R mO A R S
hft. KL 25% MM 731 mRNAF &4 meAE
Wi, P35S m°A mRNAFE A A 1~34 I 4
P, meAMEIE & B AR S R AR o AN
KB A FE FA ) 3 i [ FERH 3 X (3 untranslated
region, 3'UTR) A& L350 1t i, H LR
DRACH(D=A/G/U; R=A/G; H=A/C/U){£ mRNA 4
K257 ML T R B — R0,

me A PR RNARI BT #E . s, fasE
P SR PERE, X RNAR iz M Thae =Bz 52
Wi ©1e AN, moAMBAIANN AL e s 4 /K 4% A
A, WorriE s 5 20 & A BAE AR s e e s T
TR FE DR ZI Hh 52 e 5 JE R R 8 U2, Bl X mOAE
AL A W2 48, AR 3 2R DL R AR A
PP E AR 72 0 M. mC ABI(E
LR it - 40 Py B R BE 3 A0 g A o R b s AN ET
b AE/N B H METTL3 0 4 i P 5 O 22 33 i - ik

BRISET., JFAL IR IG T4 M (= 72 “naive” & Z R T
YIS 3 0 FRATI R 78 I RNA E mCA B i)
FELE AT DAGERFA BT T 3 A4 RNAR B FINAE
T mCAREIER SR 23175 & U XUE RN A (double-stranded
RNA)E K, JET 5] KGR ZL R IR e [ B e AR S
B AE 8] BT 4 2K mC AAE I CE 20 A i Y 45 R KA
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HBERE , VEAIR T m AR IR ALA] . AR
R T B AR EAE VR T BN, DR e 4 2
RS %,

1 meAIFIEHLHIEA

RNA mC AR 17 N5 25 5k 2 ) 2 ) 1
Wi, HiEat EEy AR EERE HE
a8 "(writer) 2 AL G “PEBR 5 (eraser) Fl m°A R
TR <R AS " (reader), 43l 97 50 RNA R RR & AL
MOEAT AL W R, A EE NIRRT
o

mC A NI AR th 2 20 0 L S R g B
%) (multicomponent methyl-transferase complex,
MTO)HEAL . 1ZE G DR T L7y T 7 22 RNARRE
ENTE, HAx O 5 B RS BERE 3F0 14(methyl-
transferase-like 3 and 14, METTL3AIMETTL14)5F
TR, WTAPY . H A B4 5E 1 “erasers”™ FTO
Falk B[] 54 5(alkB homologue 5, ALKBHS). FTO
&5 — M E B RNA 2 FEAGRG , X T mRNA
(¥ m° AR m°A,LL K (RNA ) m' AE 1 1) B AT 25
FATEPE O™, 5 FTOANE , ALKBHSX m°Aff) % H
FAAEHBA S r R ™ B meARIAE
RNA )45 72 B “writer” Al “eraser” ¥ 7€ B, {Hm°A
M) T BE A2 1 “reader” /1T 1, LI IR me A1
RNA (¥ 455 5 11 TRl R 5 DA ok 58 e S AR (1) i 3 JF
Z 5 Ty Ed . DA meA “reader”
BALRE = KF R YT521-BRJEME (YT521-B homol-
ogy, YTH)&5 Mz It i 1, 4% YTHDF1~3(YTH
domain family 1-3) X YTHDCI1~2(YTH domain
containing 1-2)P%; & EFAEKKE 246 HEH
(insulin-like growth factor 2 binding proteins, IGF2B-
Ps), BL4HIGF2BP1~301; % A AN — A% B % 5 1 (het-
erogeneous nuclear ribonucleoproteins, HNRNPs), Ul
HNRNPA2B1. HNRNPCFIHNRNPG?,
1.1 m°AfEIHIEIERNASIZFITN&E

m° AR LT 25 RNARE &N J5 T, 500
RNAMHr B ML, IF I mRNAR T, iz
B RE MR SRR
111 meASAF#aRNALH  BAMABHIEA
SR BRZE B ANEC XS, (H mOA: UBRIE X S B 5 fE 55 T
AUBRFEXT , B mOA R AE7E 23 (50 RN AR e 45 1)
AFEGE, FINHEA IR EFEACS °CPe mP ABIRIIZ

PR AL T LT Bl 7%, A 7 R XU RNA
I E. fEm AR REHR J5, A meA R
BRI H AR HT SR FIRNA, T2 T8 RO BE S5 4
XS T R A YR dSRINAGH 3 385035t 400 i P 400 3
12175 5 L R IFE 524K (Rig-1-like receptors, RLRs), Ul
RIG-TFIMDAS, ‘F85 K %)% s

1.1.2 m°AM4hA4ZmRNATTZERAZ {4512 m°A
& il ik 5 k% P B 52 2% Y THDC 1 H 422 A0 B AF I 5k
I I (Al 45 A A% A3 — % BB A% B2 1 (HNRNPs)
MmRNAE ST . YTHDC B3 5 mCA B
mRNA%E &, il jd 48 55 3 42 5 7 SRSF3, - 87
PEIH 7 SRSF10M 45 & R A5 i B BT 2 2Y, mo°A
B 22 mRNAMTKC B 3E 4 i9 RN A(long noncod-
ing RNA, IncRNA)[#) R #4514, LAEEHNRNPC[1)
gLy, BT RS A mRINA [ = B R 458 4 BT 4 25T,
YTHDC 1i& fe i ik 5 42 5 H 20 73 1 AH B4R H e 3
mRNA [¥) 3V 40 1 52 f7 . YTHDC1 i 5 SRSF34H H.
TER, 3 m A B A B %5 H 2 AANXF1, N
T A PRAZ [ i H S

1.1.3 m°AS4hiAFEmRNAFE M 19784, WF5T
N GO TR PR R A R bR IC i, BT SR
mCAE I [ mRNA LR 5 = 12481 (1) mRNA [ 2 5%
W, UESE T meAMBI A E 2 5 8 mRNARR E PERE
R, Bl (7T 2 B mCA B X mRNAKE & 1 1
A2 2 IE L “reader” /) F 1. YTHDF2H] H##Z 5 mA
PGB ARG A, I 4 35 CCRA-NOT & M fh il
HEW, N F mRNARE A PR, AT, 55— m°A
“reader” IGF2BP| 7] LLid i 5 FH AL IF) mRNAZE &
T G FL R 2, 1 B mOA MBI X mRNAFS E PE 1) 5
i) B A 22 2 T R A LA

1.1.4 mPABHRAEEERE moARNEIPREER
(R F A SRR, B mO AR X B 1% 1)
A7 5 mCA B B 2%, m°ATE mRNA I
(RERLAN R, HAR R E 1) 77 AN A P8 R 22 4
FLZ A mRNA B PR 06 R T AR 46
4E(eukaryotic initiation factor 4E, eIF4E)iR JIImRNA 5’
Ui (I GIE &5 440, SR T, 7E 40 M RO SRR RS L R, 38
4> mRNA W] 8 SRR A 1 75 s 2, e 7E
3'UTRAI mA B B A B E A, YTHDF LG
54 3'UTR mA, it SRR GH T EEE S
SR AR R M ARG PR 3, DT B SR B 1 ey PO e A
FE5'UTRIImCA PSR 2E AR B AR PR B P 2, B
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SR

MHIS'UTR mCA H #5245 G FAZ R 46 K13 (eukaryot-
ic initiation factor 3, elF3), 1Ei% A elF4EHITE I T,
ELIRAH 55 A3SIZPER S SR B shBI T, LA S #4
R SETE JI 56 P Ak, meATEAESR TS RNA, 1
rRNA _E it #9207 SRR H, 4
S AN Z 1 18S 1288 rRNA _F-m° A& M e 2% 4 41
AT KT BT T BE, JRRm I W A I FR R
1.2 m°ABIRSERE R

mC A B AR I RN A7 38 b hiig, 1 H. Ay
TE G £ 57 T R 1t B ik TR 20 Ao e P IR 45 b R R
HEAEH . mCAME 8 T 52 i B 4 57 A OC 1 45
RNA(chromosome-associated regulatory RNA, car-
RNA)F=FE, 42 Q010 G 10 J5UIR 2 A e 25 A i
3%, METTL3 A1 YTHDC 1 &k 2 # v] DL 22 2 2t
G0 5T 1 T TBORN A s 3 1k 0 3R B £E /N BRI
JI6 40 A R IR IR R B, FTOS S0 &% e 1

(A) dsRNA formation

l m°A depletion

@LH&CMR‘ s
Cap o N
Pattern recognition AAAA //

receptor (PRR) /)
e //

co—8®

(B) mRNA nuclear transport

Cap

_/\/ AAAA

(D) mRNA stability

N(miccmi
Cap Q mRNA

" —instability Cap
\ N AAAA

Cap-dependent

6 translation
AAAA

Ca @ mRNA
p/\/ AAAn Stability

(E) mRNA translation

Cap-independent
translation

gcomplex

Nucleus | | Cytoplasm

—\/\ AAAA

LINE1(long-interspersed element-1)[) RNA m°A %
FAl, WA QB R WAE K, JEREIE LINEL &
H TR R R RIA T2, A, me AT B3 52
M B B A 8 P, YTHDC 1S 52 KB AR 4% RNA
Xist(long non-coding RNA Xisz, IncRNAXis?) L) m°A
B R GG I EAE R, M T X G AR 2 3% A
FE DR POBR A2 vh i = A5 P2 R-loop s HHBT A=
RNA(nascent RNA)5 DNARAR & il ) RNA-DNA
Je A BE R, METTL3 M Y THDF2 (1)t 2 35 ] 3% i R -
loop ) 5 &5 AR, AT XS J5E DR ZH R 1 7= A B e 234

mC AL 5 S /KF-52 0 RNASS . I &
AU A2 FF 20 RNA DD RE AT . b4k, mCAE
T U 42 G €0 SR A L PR A I, B mO A A X A
DRl 2 1 110 52 M) DA 38 W0 3% 53 2H 7K~ ¥ 58 21 3R gt A%
HAKE, IR T NATTR m A& 1 42 B i 2 g
(E1).

© pre-mRNA splicing

Direct Indirect

¢ Uk
Conformation & U g
Change > C— G

Exon skipping ~ Exon retention Exon skipping Exon retention

(F) carRNA suppression

A mOAZHER 5 5 UEERNATE B B: mCASZIAmRNA MR A% 21240 5 14 e tE S A C: mC AGE S B4 A1 1) 2 7 A M mRNA B A B 4%; D:
mATFEmRNAREE T E: m°AS IR HOBE RIS IR HOE i BE PR A6 7R F: mC A 7 carRNA T 18 5 7 e PEREAT YL (U I ALAE
A: m°A deficiency induces dsRNA (double-stranded RNA) formation; B: m°A regulates mRNA nuclear export to the cytoplasm; C: m°*A modulates

pre-mRNA splicing through both direct and indirect mechanisms; D: m°A regulates mRNA stability via dynamic modification; E: m°A mediates cap-

dependent and cap-independent translation initiation processes; F: m°A facilitates chromatin interactions by regulating carRNA abundance and stability.
Bl mAM2IHEY 2 FAERALEI

Fig.1 Molecular mechanisms of m°A regulation
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2 m*A“E EZF”(writer)

KB 5> meASE B H I R G 52 A5 W) (methyl-
transferase complex, MTC) LA =5 & 45 57 14 1 7 =0
FmRNA 1, XM 5 A 0 me AR D 5e 1) AE
HRMEFA m ARS8, ZE AN M
£ DRACHZE 7 s 2 A7 A1 U7 A 7 ARAE meA = 2K
MR 23 B RNA L, B MTCHI =AMZ 0 T 2
RIET EEMINEE. HH METTL3 2K &9 it
—— M EA RS 5, METTL14t6
B RNAZE A AL AL, (I 32 B Ry — AR M 0 7ok
et METTL3 MBI 1, —HE B — R
Rk RIEMEATEE Y. BRIk 2 4b, MTCIEELHE SR
SO TR —WTAP. BARAWTAPA G AR
FH R B R B ek B, {H e T LU 5 — S At 1 4l
B0 S 45 5 RAREMTC IR RS HHE 2 0 o 3 S 7l B Y I
45 VIRMA . HAKAI. ZC3H13LL &zRBM15/15B%; .,
— k3t , ZC3H13-WTAP-VIRMA-HAKAIPY % {4
Pl e —MBN G BETREE A5, KIEEMTC
W AL Dy RE AT RLTR R X sk £, HA
HES 5 5 RNAFE SRR 5 B8, SR, A
RNAZE & 37 () RBM15/15BI 58 £ MR kb 13X —
BB, e R LUK U SRS RNASE S, 4 MTCHA
SRR AL £, 7E— LUK E [ RNAH, me AN
H A RE 52 1] “writer” 51 5t . ZCCHC4M METTLS-
TRMT 1125 &85 HI7E 28SF118S rRNAH L m°A
(R B B9, T METTL 6 1) 4 Fél £ 56 31F [ IS4 /2 U6
snRNAFIMAT2A mRNA 3'UTRIX [ Z2IR 554, %
mRNAZw S S- i 1 IR 2R (SAM) A& Bl 40, X 28
ANFRNA_EFIme ARSI MRNAFSE 14 BHERCE
RINA B 452 55 A [F] 7 THT 5 Mo £4H L P 255 R 1 42 P 4%

METTL3/E R MTCHIAZ GV, Sk B AT LA
TE 22 A 28 23 1R 7 40 234 -5 400 B L R S LA
FIEREY . mRNA B meA B AL 2 5
YA is ) — N oSk Ed R . HATO A ARE T
METTL3/EM FLEN IR G & & H ) 220, &) B
fiE R AT 41 Bl (embryonic stem cells, ESCs)M “na-
ive  IRZS 1] “primed R A1 I, MRS FIAKR B it
2 41 i A is e e el

XA FIE ) METTL3 /5 /) m°A FH 3
b BT R mRNARE A RE e M. BHiEAn
G THURTIRE. 29 AR E T m A 3
AR i A AIE AL, 3 SR8 E A bk METTL3

FIMETTL1444 212 i H A mRNA PR M. meAXT
T RNAFE P (11 15 E A0 B SOBCIRAS T~ R #5552
TR, Ree YRR MARAS o 0, 440 P R o s,
METTL3 i i 355 53¢ 1) 7 A 1% L8 PR e 3 s AR
EwImmeA, DU R E AT N E R SiAhe
WHFE R, METTL3 AL mCA F &AL ] DL AL
A5 Bk P9 R P 18 % %955 5% (endogenous retroviruses,
ERVs) K1 RNA, Jy4ERF4H i ¢ B LSt 1 R
TEFSY, SRTMMETTL16/ S I m A 1 U i i 4 5
MAT2 A% AR AR E MR T SAMIN RS, X —
FA 5 BRI S Y, JE PR AT E & AN [F] ) meA
“reader” % RNAfriz A AR EH . Britz
At FATRT I 78 R I meARZ I RN A Az 1) 5 —
FRBLE, £E /N B I 2R 48 H ks 7 VE RS METTL3 2>
753 dsSRNARITE R, BUEALAKE N U dsSRNATA
FAMRIIREEERNA, 51K 75 W R IR N, 2%
3 80% 1T 41 Y (hematopoietic stem cells, HSCs)H
SR N PSSR 183 BN e TR SR e s R e Bt
A R0 A B JBR B BT METTL3 e m] LA i 52
M A AR B 38 I I8 SR I 28 B TR HE AR

) H AN IE, meA “writer” # A WA AT LIS I
456 RNAKKAEVER , 38w UM F 3L 3 1) 77 U4
IR HoK mOA N B RNA b, {H LAk B 54k
B 7€ o B — MR E B s oA AR — A BRI
HE . NG KRR, RO, 5
SK KT (transription factors, TFs)al 3 Wi A& &1 7]
DA “writer” 5 5 W4H 532 2R 5E B FE R A AL 1, 31X 7]
REAT BT mCA B X SAZ I RS 7 10 AT i P¥ e — TS
SAMEHE & A 1% (acute myeloid leukemia, AML)FIHF
FA W], METTL3 5 20 i 58 G0 P 25 DR ) ) 30 11X
AR, BT BRI T CAATT-box 45 5 H H
zeta(CCAAT/enhancer binding protein zeta, CEBPZ)
FE R METTL3H 55 2 4L ()5 iy 6 % 1Y), TIMETTL37E
JA 3N EREAL A T METTL14%, A H
fih B 72 22 W, 415K (I H3K36me3 &1 i MTC 46 22 1)
i METTL14AAF AR B DA™ . H AT, m°A “writ-
er”Z 5 et i LB 1) O T HLRI IR EE AN TR R
i UK 7T R B R-loop-DDX21-METTL3 %1 %
57 e i I i LR, X =R n iR meA
(R Dy 22 e ik — ANAT 7o Btz Ab, dsoBT I — T At
FAEH], Bett BT b1 A SCRALE 225200 T I mRNA )
mC ARSI, T RB DA 40098 22 [R] (1 7 s AR A e R 19
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SR

XY RNABIRFIR RS TR A, [ LRARS
RINAE U (4 8 15 401 e 2 k9 s F 3t FRe AT R T
AT

3 mCA“iEBREE"(eraser)

m AR AR R — DB S W R,
RNA EmeAGRINH HEERE N5, k2, HE
T 0] 25 i A1 5 B — oA B (R SR A AL, AT TR X
mCA 2= FEAV A 4 A mOA IR B . B H BT AL,
C4 8 A m®A “eraser”s FTO 5 — /M 4 2 1
m°A “eraser”, ‘B 1] LA LR mRNAAH 1 mPAFIm A,
PARNA T I m' AZEUS, FTO R Y40 i 58 A7 46 A 7] )
LAY A0 M R TP AR 22 5, AR IR W 4ty 32 22
e T MAZ ; T CE IR AT Y, FTO M 2 4T A%
BB PN . 5 AN R I mPA “eraser” & a-
i 15— R (0-K G 6 (1) SUI A B§ ALK BHS - 5 FTO
ANF), ALKBHSAZIE A A b4 R I 56— Fl LA mOA
NHE— I RNA L H A, L 3= 2w 7 T 41 i
e,

ESRFTOM ALKBHS/EZ5 /A F N 6 _EAFAE— 32
IR, (B EABEA AR PR 720
FLahWyH, ALKBHSTE S M R Rk & fm ), 1 FTO
FER M ik B dpmy, P R AN R L 2 ) 1) R TE 22
FATRE R IX PR meA L H LS 5 AR A2
BRNERZ —. BRibzah, 5 FA R R R
MHHEZHEZRN —ANEHEERNK. HEERWE,
m°A T BEANE FTOR B il s A HEFLFRH, FTO
X meA L2 B ALV PR B L S T meA, FTORFR 4 iR
Af LU I 45 mCALE U snRNA T S8 8 b 19,
H AT mOA 2 H 3 1 Bl S B 0 0 S 1k R L o) e A
SEAE I . WEREFR R, mCA “eraser” ) Z= HH &L
AT 14 5 IR 3% B A2 RNAZE & 8 AR,
HNRNP A2/B1 ] GEFE “m AT 5% K FE T BE 1 i A
W E CH M E AR, A 2 BHEAE I meA
BT “reader”", X F X KR, ITHEHMHA
Y5 H T AHSRIZ R, RNAZE A 2R I RBM33JE (g it
ALKBHS5 % SUMOAL, 11 30 e 25 H A s 14
¥ ALK BHSIE PRI 252 BIRNA I me AME AL 5B,
DL SEIImOA “eraser” HHE HE €A o

FTOM ALKBHS5 X} J # RN A Ty fi¢ 1) ) 4% 12
Al FE A B AT EE AR . FTO B 4HE W
HBF AMLIF KA, 1 R-2-F 2% 8 (R-2-HG)

VE Ry — R AR IDH /277 4 AR, 7T LA
HIFTOW M, PR&I AMLI A SEREBE M 52, EiX2
Ja, FATEIHE TR, ALKBHS k2 3 i B 1% i
% R W S B (OGDH) #4 3 A W e 1, AT 4
FIHEALRL, S a-KGH B IFHA N L-2-52 3t
% R (L-2-HG), fe 23003 ifin 4 i (1 e & ARl
5 B — WU 7T s, I R ) ALKBHS °] DA ST
45 GCGRAI mTORC 115 538 % , AT 4 F5 4 %5 b
FUIR AT R A0, IX B 4510378 T m°A “eraser”
TEAN PRARI (SR A2 Th e 2%, via T AR PE %
P TVBAESE S . FRILZ AN, mCA “eraser” X YL ff )i
PPRAS A H EZR W EM . FTOmMR 2 384l
B M SR CTE P AR AT S 1A, 3l A T R
RINE 05 A< RNA LINEL _Ff meABR A 5%,
P U 5 S50 G € S5 JORE 5 PR A 450 5 O B 4
(1) 2R

FTOM ALKBHS5 IR IR I T me A MBI BN 25 1A
PRI %E, SR B AL, mOA AT e 25 HE
Ve R H o HLHIA R B 5E 4 B . m°A “eraser”
FEAH AR 5 40 it 3 I, IR BT TE R AE
A H A% e A S 1 R B mO AL 2 R At
T AT 5 2 RIS FRIR A I, X it
— DI fREmO A B RIS SR AL T 7 RS (B12).

4 mAJ#)iEES(reader)

m° AT 47, BRSO RNAER G, —
L RNAZL & 8 H ARE IR ) RNA _E /) mCA B I
i LR G M R JE SN AR L, X B RE AL R 4
RNA _FmCAMEH 1) RNALE A 8 R mOA“ [ 13
287 WL 2EFZEHT . RNA pull-down 256 FIF A,
CEMFLA Y %58 H 2 Fim°A “reader”, WY THZ
MIEEA . SR KR 2455 5 H(GF2BPs).
% WA — K% % 2 1 (HNRNPs) . 415X iX £ meA
“reader”’ W LI/~ T meABIHAE RNAFR 2 M & G
S TSR R E B
4.1 YTHEMIBEH

YT521-BEJHELA 1 2 B M R LA 455 RNA
EmCAREIBE 18 (5, YTH(YTS21-B homology)
SERIIAE L4 T 454 RNA_E mCABIHRIAE /T,
HAZE A AR N YTHDC Y, ER ALY+, &
BHWEEH YTHE M & A R K% : YTHDFS
YTHDC.
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(A) (B)
Nucleus Cytoplasm
YTHDF1
YTHDEF2
YTHDEF3

Transcription

Splicing

Ribosome

C IGF2BP1 A
N IGF2BP2
PN

THDE IGF2BP1 -eIF3

. IGF2BP2 :

“YTHDF3 |F— IGF2BP3 ¥¥§B§§
FMRP

Degradation Translation

A AR B B R, meA R RS B 52 A R AL 2 SlimC A BT, 2B 1 I ALKBHS AIFTOZ) &5 W] Wi 4% . YTHDC145 A m ARz i i
PR RmRNATY 5 5% . B: B AER BL. YTHDF1 5 elF33 42 mRNA 52 MR 10 45 & 2%, YTHDF2/r $mRNAFEf#, YTHDF3EE AT LA
e BEMRNARH P SO0T LLEdt FL B, IGF2BP A 4 FF mRNARS T, FMRPHIH mRNAFI .

A: nuclear regulation phase. During transcription, the m°A methyltransferase complex catalyzes the formation of m°A modifications, which are dynami-

cally and reversibly regulated by ALKBHS and FTO. YTHDC1 binds to m®A sites to regulate pre-mRNA splicing and nuclear export. B: cytoplasmic
function phase. YTHDF1 collaborates with eIF3 to enhance the binding efficiency of mRNA to ribosomes, while YTHDF2 mediates mRNA degrada-
tion. YTHDEF3 exhibits dual roles in promoting both mRNA translation and degradation. The IGF2BP family maintains mRNA stability, whereas FMRP

suppresses mRNA translation.

E2 mRNA_Em°AEIREIRNZS ML S ThEE

Fig.2 Dynamic regulatory network and functional mechanisms of m°A-modified mRNA

4.1.1 YTHDFZE#%%® YTHDF £ H HH C-¥i f#)
YTHSE #38 DL R & &5 I 282 (Pro) 7% 2 MEN% (Gln)
FIR ATk I (Asn) I N-3ii 25 R 38R i . YTHSS #4)
W5 mCABARET G A% R A AR, b sl
DRACHZE 745 &, X2 YTHSS #3ekh 57 14 18 51
mCAEIRNAIFERERY . Y THSS st B 45 1 m' A
EMRIRE 71, (AR T IR me AR, RAEPEFEARE,
YTHDF & H KA A B4 YTHDFL . YTHDF2,
YTHDF3, # & 7 T 40 . YTHDF2& H #i#f 5t
% ) YTHDF & H XA, HEEZ DR N T 5
mRNAFI B . ERZEAIE T, HRIEK Vs
F YTHDF1 M YTHDF3%", YTHDF27E 45 & m°AfE
M mRNAJE, HN-Ii 25 10122 200 2 LR 2 4
5+ CCR4-NOTB I £ ER B &2 &40 )3 2 i i B Ak ik
2, FEEEmRNAFEM Y, Lok, meAEH I mRNA
A LIRS #4382 8% 25 [ 12(heat-responsive protein 12,
HRSP12)175 X5 YTHDF2 45 &, B )5 o A% A% 1%
fitg P/MRP V) #| 58, YTHDE2E PN 5z 40 i ] 18 1f 4
Mo AR SRR R, A F Bk N K Kl notch1afirhoca
B R B IEfE, (R iE I T 40 MY (hematopoietic

stem/progenitor cells, HSPCs) [7= 4,

5 YTHDF2AN[E], YTHDF 1 Bhfig 32 B2 2 i3k
B 5 mRNAM S &, HF Bl 5 elF3 AT K
Hi)5 SAHEAEF , <8k eIFAGA SR EEH),
T B P AR R 2, JEF YTHDF 1 £ #! mRNA
BRI E A, ORIt 7 K B YTHDF 1
Pk 2 T8 1gG oW = b, A B T 3RE
KA 10, ek, M) Y THDF & A] DL T8 T
SRR B R, PRI AR BT R
mRNA ({8 3 #4245, YTHDF 1id G838 i % — A
/3 55 (liquid-liquid phase separation, LLPS){i¢ if#
mRNAFIBEAE . B> B IR ERE 2% N, B
HE R AZBREE AWK 51 2H TR & V) A2 WA
HORAE B, TR AN B 2 A0 B WA 5 X
— IR AE AN M N LA B AR R SR T g
1M Y THDF 1 1E 2 £ Bl A 43 B A2 a3k o /M (P-
body) (I i, 3t 1T SEEL G mRNA R B 1R H e,

YTHDF3 7 4 mRN A 4% 1 & 45 W EAEH -
YTHDF3iE it 5 YTHDF 1. 40S/60SHZ #1431 FE AH
HAEA, i meAB mRNA K FH B 72 64, &I
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SR

YTHDF3i& &5 YTHDF23L [FAE A, {22 meAfE )
mRNAFI BRI, SR 5, YTHDF3 78 24— MR 4,
T YTHDF LAY THDF2 A RNA [ 7] A2 1 o

YTHDF 1 1Y THDF37E AR & 2% & 25 fy b A
A =K O-GleNAci& i . 7E 7 O-GleNAcf&iffiZK
PR, YTHDF & A I FI Bk o) 5 52 24| ; i 7E
ik O-GIcNACEMi7KF- T~ , HEIEE I DhRe s LK
. XERERE T YTHDFER [ 48 /S [ 40 i 2 74 A
S0 A A T I AN () 1R T A 1 SR A o), R )
YTHDF & H B PIREAFAEA [FI R IR, S0 B 58N Tk
JNYTHDFE H M DRE2TUAR T, JEHH IR R 2iES
mRNA [ B A B3 mRNARIBHIE S, (K,
ETXTYTHDF £ DI Dh e /53— 22 B 7 .
4.12 YTHDCE#%®  YTHDCHE A F KT
45 YTHDC1 5 YTHDC2. S5 174E T 40 i i vh 1)
YTHDFEZE AAE, YTHDCIAEE T 40z, A
BN YTHEE 35k DL K 2 /> Al Ty 6 25 1) 335 181,
YTHDC1 ] LLd i A S 17 555 2 1) 8 B2 8 7R 1 %
mRNA MBI, NP mRNA [ 4 DL g b s 4%
SEARM MR . YTHDC1 456 meA B 1)K 4 JE 4 5
RNA NEAT1J&, HAg e M3 s -2k 1 e 1tk Je,
S R AR IR 97 4 1),

YTHDC2 & —Fp A% T4l i A% 5 40 i Jii 2 1]
MEMA R, B &A1 DEAD-box RNAf# g4t i)
I, g A mOA Y A B E 1 RNA L.
5 YTHDF B #4456 A mRNAASE , YTHDC2 3
FEE Y% RNA LK A 75 7 1S B ] [X s 4 6 120
YTHDC2-5 Jk$ 7 244 5V 8 IMEIOCAHH HAEH, 52
e Y A5 0 L R B SRR R, fERE TR B A E
AR,

42 BRBHEMHEKEF2EE5EHJGF2BPs)

JiR B A AE K R T 245 & 8 1 (IGF2BPs) e
gh A il F A A K R 2(insulin-like growth factor
2, IGF2)[f) mRNA, W15 HE B #2, H e Thagd
AN SR T Y IGE2/ %35 . IGF2BPssE — MAESF
[ ERAE RNAZE &8 E KR, B8 A RNAT L7
(RNA recognition motif, RRM)%E #4351 PU 4> K [F] &
(K-homology, KH)Zt4s, H 3 2 Dy fig 2 il i 17 5
mRNAFERE KT R AN 1 mRNA R B Y &5 2
PEBE & 1 5 (AML) R 72 &K 3L, IGF2BPs 5 HiAth
RNAZ & E LA E T A MYC. BCL2EN
Z M E AMLAN FAT 5 AU GE 1) mRNA, N T 7%

TEM AMLIGYTFE AU, ek, IGF2BP3# It 5 K 5%
4Egm A% RNA CDR lasfHH BLAE H 4% B L 2 40
M= 22 EEHE | T 520 R E mRNA(W HMGA?2)
(ARG PR AR JE iy 4 B P SR Pk e, R T AE 1) R £
RIFIBIT R R,
4.3 #ZATBE—iZEZE EH(HNRNPs)

mCA A7 7E BE 9% B 58 RN A 25 44, g
HoR B T RNAS S A i 2 WA EAEH ,
EHEFRN “meATF IR 7T, N AR — % E
(HNRNPs), #llHNRNPC. HNRNPGH] LLi#id “m°A
FEOR7, A B A B ] AR B R el T A2 . 28T,
WA — 1% M % B2 1 HNRNPA2B 1 /E - AL IAF
FE4L: AW 70NN HNRNPA2B A% BL B 45 ArmPA
S EE RNA RN I RE P, SR, & x) Heas (a) 4544
fBF 7T 25 B HNRNPA2B 1 7] fig - k8 T B 45 &
meAFZIAEE RNA N T /2, S rlae 2 A “m°ATF
T ERNA MY J5 2N Tk AT 20,
4.4 EHfbmC°A “reader”

bR 7 Bk =R 2 HIhRe B i) ) m°A
“reader” LA, i B 50— S HAh Y “reader” .

P X 30505 155 [ (fragile X mental retarda-
tion 1, FMR1) & A =/ K[A VB (KH) 45 38 A1 — A
BRI H RS, Wn T 4565 mP AR
RNA, @it 5 YTHDF 1A YTHDF2 A HAE RS, %t
RNA B AR E 1 7 AR e U4

S'UTRH 2 35% 1) mC AR 215 eIF31F 58 Ik S g2
UTIE (crosslinking-immunoprecipitation, CLIP)f 55 &
B, JFH 5K HIEHKIRNAMLL, eIF3EH T 58
A meAE ) mRNAK A SZHC Y, K, eIF3 kA
HNAEmMOA “reader” ] —Fi.

7y RNAZS & 8 H WA IE 9 m°A “reader”,
I: FIELLRNAZE 4 2K 19 1 (mitochondrial RNA-bind-
ing complex 1, Mrbl). ELAV(embryonic lethal, ab-
normal vision, Drosophila)f¥ RNA %4 & [ 1(ELAV-
like 1, ELAVL]). & & R&RHNTLKELE Folas
% [ (leucine-rich pentatricopeptide repeat-containing
protein, LRPPRC). #AT1, XL H & HZEL &
m°A, 28 T m AL G E O ZE A —i
51, W75 L — B AT (E2).

5 RNA m°ANFHEARREHE
RNA mABF 051, T4 = 7 55 1 0 404
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T3k, BT m AT AT AT RE R AT T2 3] 1 BR
e mOATRE N HOR K BT AL T mO AR 5%
21 AR AR PR A, 45 mO AR FURCN T AT BE,
TR T 2 AW T . Oy T SR M 45
AmAREY)SEIhRE, Wy ikl AWNAAR, e
ARG, HAER. S EnE RS me AR A K

20124F, BT mCARFRAPEHUIAR S L UTTE # m°A-
seq(m°A-MeRIP-seq) & X Z: 1] T A E5/NR T mA
B, UEW] T mCATEZ A RNAZE AL s A2 6 I B 45 2
JRE MBS, BIR T meALEFE KRS %
HIE SR U HRZITEDHEREARL, Rk
m°AJE AL E]100~200 ntfRNAF B, BRI T AATT it
—BHE . N TRERI PR, m AR TIR
P S AN B 2 L P TIE B R miCLIP(mPA individual-
nucleotide-resolution cross-linking and immunopre-
cipitation, m°A-CLIP)HIEAZ BE4 B me AW ¥ £ AR
(photo-crosslinking-assisted m°A sequencing strategy,
PA-m°A-seq) AL T HLihHEng , ML SN AL H E B
55 RNASE AT AZ I A o £ 10 e oo e o 3 S50 T
RSB N, ARG S B i, SE3L 7 me°A
() B 52 62 1070 mOAZKSP AL B REAE U5 (mCA-
level and isoform-characterization sequencing, m°A-
LAIC-seq)fE RNA 5 Hii {4452 5 52 & o) fift T =4k
AR AL A, 0 e B A K AR AT e,
TR AL PRl R R RS, B IR 2 T meA
HA 2T B AR R 7 ER R T PR AOAS I 7 A 3
L S ERAIRA IR, HHTR B SE A 7128 7 A
AL PR ASON T B R AR, R IR T T meAAE
Y DI e T 9T o

N T RT3 1 PR X — 3, BT 5T
NGTFR T 458 me AR 77 7% . MAZTER-seq/Hl
m°A-REF-seq(m®A-sensitive RNA-endoribonuclease-
facilitated sequencing)& - MazF RNasel!) % F {4 17]
F, BEAE ACAKF FVEF 41 AR F AL AL i BT
RNA. BEJ5, XTACBR S 1) RNA F BUEAT 100 SR
Fr, @ AR O BEACALL s SR . 24k
AU R, T SE I meA ) 58 &4 A 757, (H
Fe X P77 L AT DAAS I R A7 554 1 mRNAH m°A ST
R 16%~25%, ANRERITIIMRNA LA B me AR .
U RNAE S £ 240 77 5K (deamination adjacent
to RNA modification targets sequencing, DART-seq)
FIF YTHE: 485 g 17 1t = B APOBEC 14545, %5

T mO AT PRI PR I e Pl e AR O K BE (C-to-
U), 317 7E B 1 RNARY: A o sz B % 53 436 )
() mOAGE AL O, (HZ AR BEHH T APOBECT-YTH
JFRL e Je R, 152 B Y THES M) 6 A 7 DL J
m°A 5L CZ AR & ()50 . m°A-SEAL(FTO-
assisted m°A selective chemical labeling method)#/!
mC®A-label-seq(metabolic labeling method to detect
mRNA m°A transcriptome-wide at base resolution)>}y
mC AR R SR 7R R, H AR
e e P U

m® A B T SR AL 25 AR 1 AT T (mOA-selec-
tive allyl chemical labeling and sequencing, m°A-SAC-
seq) 1 3% 25 1) F AL [ R ARE AL mOA, RIS
e meAFAL Ny mSA, T PR moA MBI B AL T
B AHRAE AACF B s A7 R IR, RO T 2k
TRNAKH— BT E . i, BRI TadAHEE
NO-H FEJRAF I T (evolved TadA-assisted N°-methyl-
adenosine sequencing, e TAM-seq)F1 £ [ A1V A iR
AT IR F IR IR A T 2= 5 52 R (glyoxal and
nitrite-mediated deamination of unmethylated adeno-
sines, GLORI)IH LR A FH AL B e OB 2L, PR FF
m°AfE BB TS, GRS mOA R AT 40 8
1 HAEANT AR A0 I 40 i 2% A0 T SE A B0 R R
meARIBNEALAL, R BT hm A R R AEY) 2
7]

FALYH A RNAJI T (single-cell RNA sequencing,
scRNA-seq) BE 18 45 7~ B 40 M 8] (1) 22 Sk, X —$
AR BACR B S AL P B B IR, sem®A-
seq(single-cell m°A sequencing)-5scDART-seq(single-
cell DART-seq) 73 7l 7£ i A [f) MeRIPF1 DART-seq
(Al BREAT T Sk, SEEL T B M KT B meA R
VRN, A mOAZH i S B ORI SRR TR RE, H
WIH 2 2 1 AT J5 35 A0 (R BR A P07, sn-m®A-
CT(single-nucleus m°A-CUT&Tag) e % J5i A7 & FEm°A
PRICHT RNAZN T, BEAT il & 20 A i AN 7 2 et
I P R AT J DR R A 9, 3 P o0 v R S M ) 4
MR . XRETER A B TR m AR B E R,
BETTR mC AR D REHL 42 BT R LA -

EIRFE T mOA AR I O R R AR S
TmCARTFHIRERE, BLAh, I VF 2 RNABI 5
TFAER R R € - (liquid
chromatography-mass spectrometry, LC-MS)}% RNA
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IR ERAZ IR, LA E TR R S 1 70 B N B
— 0y, RIS B 7 FE T B A L) HORS
i, A VL R A% T R B B I, Re
{5 [ 00 5 H P RNABIRSE R R R 2, Bl 2 B
FIT RNAE IR E &, 2R3 E B RNAE
WA ) T2 E B9 AR VR TR IRA B M ) R
RAIE (S E . MLC-seq(MS ladder complementation
sequencing approach)if i 7 4% FIER K i 1) 7 =X, A
75 RNAAZ OB 2R/ R B, W 2 T B A i T
BOIERI SR, DAAZ T TRORE ) 4 K St ot 201 I 1)
SRASHEAT TSR FY , SRAN 15T B AR I A RE
SRAFAS N B AL B AF B B wk fE OO, (H 2 AT
TR FEA R . PANDORA-seq(panoramic RNA
display by overcoming RNA modification aborted se-
quencing)if i 5 lx RN A 1 2% 10 Fe 1 22 1) 1
A RNAKEIE, ZI T KEAA BT sncRNA, 5
INECSEH SR T /NRNATE AR A IR T DL gk
FLI T LATE R SR RNA E3dEAT , AT 7E g 26 3o i o
TR B RNAEMG , BA AR L . AU S
JERECR R R, I C 2 M T me AR H A RNA
BRI AR O BRI Z AMEA X P m’Gy m’°C.
m’C. m'A. Nm*EEMHAG AR, X LERNAE
R ARRITE R, F R 5 A RN AN A4
AW R BARSE SR B TR LA (B3 AR )

6 RNA m°AfEIFSEAEHTIZ

RIS LB HAE, B me AR ) SO 5]k i 5
R IE R O 27T . meA TP IE I AT DLE Ry
i B [ B R o) DR TR R RE AT AR L SR A2 )
SN AR EEAEH . ALHE mCAB I K “writer”.
“eraser” fll “reader”7E PN B 5 &5 RFAIE 1T BEAE NI FE 2
Wi PG AT AE bR S, HEA B RMIGKEA
IR PAD

TR R R 22 R UEHE 2 B, METTL3. MET-
TL14. WTAPAE N m®A FH SE 56 R B E 22 Feoie Hh 1
RNECE R T R ARG RBEAE R, MR R IR KPR
KB E S5 A RIS A O, 7R SRS R E LR
(AML)"', METTL3. METTL14LL ) WTAPY) 5%
Tk . X HIEIT mC AN T 7 SN EuE 2 R
mRNASE SR M A i R e, A S 80
P mRNA [ R A RNk #if] DR 36 1fi / 11 1 g
T-AH A E BT A b A e

H AT 3F METTL3 /N 73 7 $0 1) 551 4 4 1
UZH1afUZH2 & — X Weiktb 54, fE4ii -5 H
SEEERL AR B R T SAMARAL , 383 7 4 M 45 A i il
METTL3 A SV, FEAK T E s 40 H A () mCA K
Fo STM2457/2 55— METTL3 I 7, 55
SAMIG K, {H 2 B LABE s B SE Hak Pt 7 =K
FH SAMIFI45 4 X 45 (IC5=16.9 nmol/L), I METTL3
P IE 1, FEAR I RO 35 1 AMLAH A= |
IR T, FFEZ A AML/AN BRI B
RIFHAIT IR HAT, PLSTM2457 2RI &
(1) STC-15IELEREAT I PR DRSS (NCT05584111), &
A BRI RIS, L AE 24 B P 7)o v ) A it
ZE R AP,

mOA 5 F 3 1k Bl 1 2 R 7E s P AR AL .
ALKBHS 7] DL i #82 Bi mCA {2 b ik 4 i 1 5 3%
B YK, 1RV R R Rk . i,
Ji2 J53 BF 44 A 988 T 241 B A 41 B2 (glioblastoma stem cell-
like cells, GSCs)f&##i T ALKBHS 1) & FIE AL S 1)
B¥eiz , ALKBHS 2 LR B R R FOXML
(RS 5 T FOXMIEILRE ST, (i T
GSCII s R AP

FTO ) i 232 38 i mC AR #1023k 1
R RAE SR, brEREEEENARTS, #
il FTO fe W 01 1) Jirl I8 40 P A0 360 11°) . 2 A6 2 ot 32 [
LILRB4I)RI%, B gnfe G S, BRAT T Ja i 141
FRLPS FE R T A G ke, S T ORI AR L
OB FTO R /N4y F- 4l 57 CS1AT CS2il il B 5
FTOHE ARE G, H G L &6, #IHIFTO
HEAL IR L, AT AMHIMY CIl B 380 I 1215 S5l K,
HE T 552 AR 2R S AMILAN IR IR 36 77 55 1 e % 0
X R 55 (R TC 5038 L Blnmo /LY, B R
JeH FTOHN 77 FB23-2 /25 Al F2TF 1 104%, JF H.
X 1 FTOZK - () AMLAFE A BgUsi , B B2 1)
I AR R FTAT 14

Y TH & A F A A 5 548 5 I ) mOA [ 2 4%
CATEVF 2R R PR3] T 8 L. fEAML
W, YTHDF2{ i me ARG s AR, 7E AMLIK e
B B 5 T 40 B i 15 O IGF2BP A i A A&
[X2H &3 (The Cancer Genome Atlas, TCGA)H Iif
WEZ M RNAG G EAZ —, 1ERZHRE L H &M
Wi b Rk . IGF2BP LA meAIK i) 5 I 24
0 5 DR R RS e MR S AT, BB % 2 A AR K R
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e a

(A) . .
Antibody-based detection
(m°A-seq, MeRIP-seq, miCLIP)

/\/\/\/\@J\/\A&@/\/\/\

(®)

YTH

Cytidine deaminase recruitment
(DART-seq, scDART-seq)

\ ( \
© .
Chemical and metabolic
labeling of m°A
(m°A-SEAL, m°A-label-seq,
mPA-SAC-seq)

ABA A

! APOBECI / \ l
Fragmentation -@*J VN ANANN -
(100~200nt) AN /\_@/\ S5 é 2 ;’
Thiol addition X Consecutive
IP with anti-m°A = P & biotinlabeling AIYIAION i yiagion
antibody /\_@/\
& J \C J \C J
- N N )

(D) (E)
mCA-sensitive endoribonuclease
(m°A-REF-seq, MAZTER-seq)
MazF RNase
* = - NN
/v%/\d Glyoxal

and nitrite

.

\ J

Adenosine deamination
(GLORI, eTAM-seq)

AIHAAN
| o

4

Q)

Nanopore sequencing
(EpiNano and others)

Nanopore

TadA8.20
deaminase

AGTCCCTGAATCGA

J - J

A: m°A-seq 5 MeRIP-seq i MmC A B HE T m A RE S PRSI, Fo5E A1 HF2 9 100~2004% 2 B: DART-seq i A i i 51 S M0 17 0 20 2 me AT 11,
5 SR e A A B R AR S AT me AB ARG I C: AL ZE AR BR IV 4E, m°A-SEAL. m°A-label-seqw m°A-SAC-seq; D: m°’A-REF-seqfTIMAZTER-
seqftr PlmC AR i 5 F-m° AU P DI MazF e 5 E VT EIACA T 91, TR EAMCACA; B: BEHEME IR I B AR SEIL 1 A S A mO A B MM AL 5 T S Ay

s Fr ARFLI AR AT LS BmOA S FABRN A ) EL AT I o

A: m°A-seq and MeRIP-seq detect m°A modifications using m°A-specific antibodies, achieving localization resolution of 100-200 nucleotides; B:

DART-seq technology detects m*A modifications by recruiting cytidine deaminase to m°A sites, inducing site-specific mutagenesis signals; C: chemi-
cal metabolic labeling methods include, m°A-SEAL, m°A-label-seq, and m°A-SAC-seq; D: m°A-REF-seq and MAZTER-seq detect m°A modifications
through m°A-sensitive endonuclease MazF, which specifically cleaves ACA sequences while preserving m°ACA; E: selective adenosine deamination

technology enables transcriptome-wide stoichiometric detection of m°A modifications; F: nanopore sequencing technology allows direct detection of

m°A and other RNA modifications.

E3 mARIHRIMEAR
Fig.3 Detection technologies for m*A modification

+, MR RE A b R 1B 78 B AN, I e ) gk
T2, 81 IGF2BP21 4|71 CWI1-2, i id 5 1GF2BP2
EPBEPELE A, MmO AT A i T, HLEIE RN,
TEAA Y FIAAR AR S H R AT Rt 1 s 4 i Y

m® A PR 7 H A i 28 2 mh b ] BE A D i
JEAMHI R 7. B, 7545 B - METTL3# & 21
Af LLid i p38/ERKGE % # il i 40 B 5E . L RS AR
2819, 1E P METTL14 L mC AR # 1) J5 B L 2
HEW] 2 microRNA N T 32E 1y $0 i Jeg e e A2 100, [R1 ik,

mCA KRR S A T A B Rk, &
TR BAR AL o AR AW T -

RNA m® AR 7E 40 B 73 A7 1) 2 4 1 DAL
FENLI R R RN B R B S SR T P 1 — A S i A
To ANWTEGE K mO AT P BARAE mC AR IR AT
FCIE AT RE, AR RO FTBVRRE R B2 i L 2
R AL AL E mCAB RV E RINLER ; 25900 1640 &
B 20 v SN 7 A T A R mCAB AR AL A Y
NG TR, mC AR O EEE P Qe OT RIFH
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Table 1 Sequencing technologies for the detection of m°A mRNA modifications
R IWIRPS RNA%iI A IR A e
Detection RNA input Base resolu-  Advantage Disadvantage
methods tion
m°A-seq 400 pg mRNA or 2.5mg  No The m°A map of human and m°A residues only be localized to transcript regions
total RNA mouse was mapped for the first ~ 100-200 nt long
time
miCLIP 20 ng fragmented RNA Yse Achieved single base localiza- ~ The specificity and resolution are still limited, and the
after depleted ribosomal tion of m°’A affinity variation and batch effect of antibodies lead to
RNA poor reproducibility
PA-m°A-seq 10 pg of mMRNA Yse Achieved single base localiza- ~ The specificity and resolution are still limited, and the
tion of m°A affinity variation and batch effect of antibodies lead to
poor reproducibility
m°A-LAIC- 150 pg of total RNA Yse The stoichiometric information ~ The specificity and resolution are still limited, and the
seq of m°A were depicted for the first affinity variation and batch effect of antibodies lead to
time poor reproducibility
MAZTER- 100 ng of mRNA Yse Avoiding the limitation of anti-  Only reads m°A sites in ACA motifs that accounts for
seq body resolution 16%-25% of the total m°A sites in mRNA, and the
quantitative power of MAZTER-seq is further chal-
lenged by the limited enzymatic efficiency of MazF
m°A-REF-seq 500 ng of mRNA Yse Avoiding the limitation of anti- ~ Only reads m°A sites in ACA motifs that accounts for
body resolution 16%-25% of the total m6A sites in mRNA, and the
quantitative power of MAZTER-seq is further chal-
lenged by the limited enzymatic efficiency of MazF
DART-seq 10 ng-100 ng of total RNA Yse Map m°A sites from low quanti- High false-positive rates derived from non-specific C-
ties of RNA to-U editing events
m°A-SEAL 200 ng mRNA No FTO protein that the method The resolution of m°A-SEAL (~200 nt) is compatible
relies on is commercially avail- ~ with MeRIP
able or can be easily purified in
laboratory
m°A-label- 10 pg total RNA Yse Applicable to all m°A motifse-  Lack of a long time period of labeling and need to con-
seq quences and its entire procedure  sider the methionine analog-induced moderate cellular
is easier to handle stress
m°A-SAC- ~30ng of mRNA or Yse The stoichiometry of m°A There are limitations at AAC sequence sites and quan-
seq rRNA-depleted RNA modification can be provided by tification relies on RNA based normalization
converting A to m°A and m°A
to m®A simultaneously through
continuous methylation reactions
eTAM-seq 50ng mRNA Yse Alow detection limit and May not work well for highly structured RNA; stoi-
maintain RNA integrity withno  chiometry estimation may be less accurate at lowly
measurable degradation methylated sites or sites of compromised accessibility
GLORI 1 ng mRNA Yse Alow detection limit and High sequencing cost compared to enrichment-based

maintain RNA integrity with no

measurable degradation

methods; do not enable to direct distinguish m°A from

some other A modifications

AWr e ¥ . HEE BTN S B AW T meA
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