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PR 7

m°A %5 B 2 1974 4F, Desrosiers %5
TEF 5% KRR K U 1 Novikoff JIF 3 41 i 2 B fifi 7
L-[ FE-(3)H] WA IRiCEs & @G iR,
B IRAE mRNA 505 H meA B, I IESZZ 8 i
i mRNA S A 19 29 80%.  [R] 1058 ik —
AESE, mCATEMIELENY) . AP 59 B mRNA
Tl A e, s R A R ORSEE 20
22 90 4R, BF5¥ 4 M HeLa 41 i i $ B h 4li ik
HE A mA H R (m°A methyltransferase )
HEA T Fe—— I B FE W 3 (methyltransferase 3,
METTL3) ‘"*', M5, ZHHEALE (demethylase)
i W i AL AR G 8 - (fat mass and obesity-
associated protein, FTO) % i A Ty 5 5 ik i —
AUESE meA HAG S AT AR B WifE, YTHZ
P 3 K % 8 H 2 (YTH domain family protein 2,
YTHDF2) #% & E Ihie s m°A 45 & &EH
(m°A-binding protein), HEifH iR m°A £ F RNA
MR E PRI E Y BE 2R S5 me A BRI
LB HIRA RO o S, PR AT T
“H AW (writers) -#EBR M (erasers) -i% %5 W
(readers) 7 = JSHEH BiPhIa] R IEAHESE , &
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1.2 HARmCABIGHEARE %

X T S 20 me A A S, RS H AL
RNA i 9% Ui & M J¥ (methylated RNA
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3 r = iih el l) 5 oy R BUR SR /IR NS
m°A & 1) RNA F Bt S B 42 7 S5 4175 Bl Y m°A 28
fr, AHHRRA R B G Z iR re R T L
ARSI — ZRGVAEPUIRAM E fL bR i S w4
FTO i Bl 1) m°A #E B PE b hr i 5 ¥ (FTO-

chemical

assisted m’A  selective labeling and
sequencing, m°A-SEAL-seq) . m°A i £ 14 M 19 I
Ak 2 pRiC 5 M F (m°A-selective allyl chemical
labeling and sequencing, m°A-SAC-seq) M T K
ALY & ZREFNE AR RRER /1 S H B 207 m°A iR
JIF (glyoxal and nitrite-mediated deamination of
unmethylated adenosines for m°A

sequencing, GLORI-seq) %%, 7ERuINRME . &

identification

S TR A 1 DA SRR AR i A P A T T e B Bl R AR
E N | A (D 7 S = 22 25 3 N
(nanopore direct RNA sequencing, DRS) ] 7EHijy
TIZ M RNABME S, MUZMItAETAEY
For I 22 e AT S AR B SR AR 5 5 12 S A 4R )2 1T 1Y
mA BT

TEDAT mA G755 B3Rl I, S5 et
VE S5 A BUE 43 M1 (co-immunoprecipitation coupled
with mass spectrometry, IP-MS). RNA & 3i3E
(RNA immunoprecipitation, RIP) . [} XU 4% 38 %%
EATAHEAEH S s st FB, tHRER
WUGE T me A BIADCE 1, IR AT meA 4%
RNA firiz 153 FAILGI AL T 250 Bl
1.3 mCAFEREFRSE

RYELEF RN EERFE , meA JH#R R 7 0] 43 A H
REMRE A . W IAEE LU S A8 =
X5, eI IERRE B AR (writers) 7. “HE
B (erasers) ” 1 “IEE M (readers) 7.
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“H N, B mAH LR (mA
methyltransferases) , f&— 3¢ H.4F RNA HELFE £2 1%
PEME E RS, 7508 R B I 2 RNA
JEI AN AL, TR S A I 3 42 . R
M RBPERCR . HA AR SR moA RS
i 52 &%) (m°A methyltransferase complex, MTC)
DL K #5  ELAT oSy AR 0 R OE R R L, o
METTL16. METTLS 5 HAf BA 7 tRNA HIBLH 5
it 354 0% V. F& 11-2 (tRNA methyltransferase activator
subunit 11-2, TRMT112) ZHH)& &9 L R &
CCHC #! #F 5 #£ M 4 (zinc finger CCHC-type
containing 4, ZCCHC4) % . Hr MTC th HA f#
b 3% ¥ 1 m°A-METTL & & % (m°A-METTL
complex, MAC) M HZ4#H B4l 7 m* A-METTL A ¢
2 & ¥ (m°’A-METTL-associated components,
MACOM) E[FIF AL 2

MAC DL 1 2% B & # # B (class 1
methyltransferase, Class I MTase) % % W 5
METTL3-METTL14 % — % {k b #% 0>, H o
METTL3 1E J #% Lot AL 938 i Rossmann 37 & 25 5
S- M B 4 & iR (S-adenosyl-methionine, SAM)
PEUEILTE T, METTL14 WI/E b 45 4 S 40 i 5
B RNA R Rl R )y, —F 2EFE
S FL Y N RNA A m°A JLEL 22 BRT LA
P, HAB12E MTase IRFEFRE RNA Y T E#
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YER]: METTLI6 %5 5P 5] UACAGAGAA ¥ 51,
A PO 2 TR IR H % F8 T 2A (methionine
adenosyltransferase 2A, Mat2a) mRNA Fl U6
snRNA [ m'A & ifi L 4F £F SAM F& & 22
METTL5-TRMT112 5 ZCCHC4 43 % 4 F 18S #iI
28S rRNA ) m°A &M ',

MACOM A E A0 IEE, {HAEME S5 4 RNA
JE W T R A0 M A% N AZ BE D ) MTC 2143, $21&
m°A B 2020 3046 Wilms PR 1AH
* # H (Wilms tumor I-associating protein,
WTAP) . % CCCH %I £ 45 & 1 13 (zinc finger
CCCH-type containing 13, ZC3H13), RNA %5453k
J¥# H 15/15B (RNA binding motif protein 15/15B,
RBMI15/15B) . i # £ m°A H IL 5 B i (vir like
m6A methyltransferase associated, VIRMA, X F§
KIAA1429) . CBL Jit J 2 K #£ 1 (CBL proto-
oncogene like 1, Cblll, X Ff HAKAI) . H
WTAPYEH MTC H 15 %L, 5] 5 METTL3-
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(insulin-like growth factor 2 mRNA binding protein,
IGF2BP) FJG M HAAE A m°A 25 55 1
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A UH P A B AR DM 2 m°A 1 mRNA (%) B2 ;
YTHDF2 73 % 5 % 7r fi# Bl i& & H 4 (carbon
catabolite repressor 4-negative on TATA, CCR4-
NOT) HEARM WA (CNOT1) KA 1 &
12 (heat-responsive protein 12, HRSP12) #H H 4E
I, 5% CCR4-NOT Jii fif 11 i & &5 1K 15 RNase
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Hii, hnRNPA2B1 |5 DiGeorge £7 A 1iF S X 11 8
(DiGeorge syndrome critical region 8, DGCRS8) #H
HAEH, A2 9 pri-miRNA il T 9 52 g 1€ &
Egﬁ% i39-4|]D

IGF2BP K 1% 44 45 IGF2BP1/2/3, i 11 K- [ i
(K-homology, KH) #5435 iH ] mRNA I 1) m°A
HAHLY, fEF mRNA BFE S B .

AN E I 2 W2 45 i 855 25 11 2A (proline rich
coiled-coil 2A, PRRC2A) itk X & )y i fi- 25 11
(fragile X mental retardation protein, FMRP) £
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2 mARERFERTFREFHIIIGE

21 mASHBTFRE

Wi RA R TR ERITHNAE LR, ERE
A SRR SR T, R A B 20 DK T 4 i
(spermatogonial stem cells, SSCs) %k, HKIK%
D3G5 . WEUTRAIESE, B2V S e
ST o izt B, meA B PR O S AR
MRRENE . PR 3 M BT, T2 2 5 SSCs
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Fig. 1 Schematic diagram of m°A regulators’ function in spermatogenesis and testicular somatic cells
Bl meARZERFESFEERENERERBEAHERTER
m°A: NO-H LR F  (N®-methyladenosine) ; METTL: H L% (methyltransferase) ; WTAP: Wilms il 8 1 A1 ¢ & (Wilms tumor
l-associating protein) ; ALKBHS: AIkBJR]JE#S (AIKB homolog 5); FTO: A MALREAHICH A (fat mass and obesity-associated protein) ;
YTHDF: YTH 53k K% HEH (YTH domain family protein); YTHDC: YTH#5f43 (YTH domain containing); hnRNP: i AY—AZ K
1 (heterogeneous nuclear ribonucleoprotein) ; IGF2BP: JiE ) Z A4 K 72 mRNAZE G4 1 (insulin-like growth factor 2 mRNA binding
protein); PRRC2A: & ffiZ M MIZIERE 12A (proline rich coiled-coil 2A)

Tablel Expression, function and mechanisms of m°A regulators in the testis
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HAE METTL3 [ ZEik (R il AE, BRES, & WIEmRNAWEREEIT L% [46-47]
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AR EARSK  ZHLVAREE V2 P 5 Tk Bk e 1 ML 2R
METTL14 [ 23Rk (A8 AL 5METTL3 k. A {E N4 342 5 METTL3 ) 5 /F [47]
i) B, BB, S0 M W mRNA KSR
1k, SSCsZr ik TIPERR, YERFSSCsIAH A3k 5
R ) 5T A0 e 5 52
WTAP [ ZRiE (BRI I e, 2HEFH, 2 METTLIMETTLI4G BN T, A [48]
&) /3 FF 40 M WAL, TR T4 S mRNAK: S AIE T, 4857 SSCs
Kik SSCs/MUAZI: Wkd  HmIRI 04k
Vi 2t
METTL16 2 AL A /4 JR 41 JE SATEAZ R - AE, BRES, K N FmRNAMREZR M LE [49-51]
P AN K o3 LY RS A=A JE AN o RS, RS 2%, AEEmCAKSE, 1% SSCs
REZ L e b/ BRI Mg, Zhs A WAk, WATUb2EKE, ¥
SRR LR G AE MIDSBJ it/ H 4
£ e FTO 2 R IER AL 1 Al 5 BEAEIRIZ AT, BH EBRAHRE FmoABM, AR [52]
b 4 A0 ) S 41 2 A% FU, TR R K R R
ik 1 GG D>
ALKBHS S AL Rik/ 3 858 ghliiokia AE, BAEG, BT M SmRNARERMESE, Wi [53-54]
40 2k 1 RS BE 41 /b G5 mCAZKF, AR BRI SR R
J R T K- 4 JSAH I AR B YR [ BT 4E
B W R Ak, P A Cedh2
mRNAFH 4R BTBIY) 76 5
EERy  YTHDF2  Sjusik/E T 2t {5 ANE, BT oeEm, & ASEIREFRAETPm AR, [55-57]
5 JE 1 it A 26 290 A0 MR AR T SEARM AT R
B
YTHDCl #% @i, #HREE A ANE, AFEAML AT TR 40 AL [51, 58]
i/ A R 5 41 A i, BRUKEAR
i RE 4H A R T K
T4
YTHDC2 52 JLi3Rik/ %€ 4 )5 NG, BAEG; BT AEmRNABIERCR LFEE, # [59-60]
4L 2k 1 RS B 41 i A B, SRS BRI DR SR T D3
il W
hnRNPC AR iE/ 5 #i T H A% ANE, BAEG, T FEEARA. WM. Wk [e1-62]
KR40 R BN KA B T mRNA % B B,
0 B I R - 4 PR 2 ) b S
hnRNPA2B1 52 A1, i 3R i/ J 4 A% NE, BREY, 202 4 pri-miRNAEFEIERTEE, (it [30, 41, 63]
Mo AE RN, HS R SR A AT pri-miRNA I T 4% %% 3 A &
TE R 7 4 i % i %, SHXEAMEEH, 25
Kik T ZOR LA
IGF2BP1 = FU{IR A /4 5L £1H fa J ERMXAT, B WIHEPGCsHiZ: WA TmRNAKE  [64-66]
[IIE=E e HA, FERANERCE M, 4EFESSCsIhfg; = 5BTBYE
Jel b FF
IGF2BP3 % J R Ik/E L T 21 i 5 RE, WTLEWE T mRNAREM, HAEAEAR [67-68]
G R T 40 ARG £ A E SR, FERKAMR
41 T Z5BTBYERF
PRRC2A  BHEERIE/EMT I A5 RE, BAEG, EE HEmRNAKE A% [43]
gt TR 58 40 i A0 HAYE T

HIRS T2
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I RAMAKR  ZHZVMREE V4t A 5E Ar TEPE R SR T GIKH] SR
FMRP S p&ik el INREE IER, RS miRNAN SRR A [69-70]

WAEH IR, B W DNARUL R R TR A

AR, KT

rh Py ¥ G 3% 5 1 4% 5 DDROR Y £
fhy, TR AmOA, (EHLHI

5 it

mlA: N-FIELIRTF (N°-methyladenosine) ; METTL: HIJLFELMF (methyltransferase ) ; WTAP: Wilms/{& 14156 H (Wilms tumor 1-
associating protein) ; ALKBHS: AIkBIFJE4#5 (AIkB homolog 5); FTO: Aglim FALKEAHSCHE H (fat mass and obesity-associated protein) ;
YTHDF2: YTHZMI S04 112 (YTH domain family protein 2); YTHDC: YTHZ5#493, (YTH domain containing) ; hnRNPC: % AHj—
A% i ¥ # 11 C  (heterogeneous nuclear ribonucleoprotein C) ; hnRNPA2B1: #% N 4 — ¥ B #% % 1 A2/B1 (heterogeneous nuclear

ribonucleoprotein A2/B1); IGF2BP: i/ Z e K F2 mRNALE &

B (insulin-like growth factor 2 mRNA binding protein) ; PRRC2A:

IR A IR E A F2A (proline rich coiled-coil 2A); FMRP: Witk X5 J)fS 8 (fragile X mental retardation protein); SSCs: i1
40/l (spermatogonial stem cells); DSB: DNAXf#Wi%¢ (double-strand break) ; Ubr2: 127 ZEIE M fEAFE3 4 A N-IL 5 E 12 (ubiquitin
protein ligase E3 component N-recognin 2) ; AR: M ZE Z & (androgen receptor); Ccdh2: 5% 12 (cadherin 2); BTB: Ifil 52 ¢ &
(blood-testis barrier) PGC: JRHRAFEHAIM (primordial germ cell); DDR: DNA {5/ )i (DNA damage response)

22 BANBAERBTEESRHER

TR AR, “BARM” 2% B
Bt 5 20 M S AR S 383K . METTL3-METTL14-
WTAP & &4+ 5 SSCs A I H#r . K I 41 i 431k
LSO BE A0 Bk g5 o S0 R, I3l 1A SE LR A
M2 5 B IO RS 5 AR
METTL16 VU 38 £ 70 57 9842 90 26 DI R4 Dt 200 it £k
RS B 200 M 5553 2405 30
2.2.1 METTL3-METTLI14-WTAP K & ¥4 #5k
K5 U 24 B R

METTL3. METTLI14 5 WTAP /£ 5 MTC #% >
oy, HEZHB ) ZRBHEN TN, Hi
METTL3 5 METTL14 75 A 53 f0o s 241 Jfd b 2 154
XA, T WTAP7E SR ik, b
YA AT — 2l A 2 AR Y ] FEUEM NRA T, R
SRS S AR NG S Al e

METTL3 /E ML %L, 454 METTL14 722
YER, Rk HiokE 7 & A SR R e B BT 4 5
253k M) ¥E Vasa-Cre (Cre-LoxP A5, ARG HA 5
Uy A AT B B sl kT T A A A A &
& TR A AR T A LR ) = 1Y Mertl3-vKO
I Mettl14-vKO (73 IHBRAMNE. 7 4 FIAb 7 2) /)N
BRI, SSCsith 58 B L = J5 224 A,
Z P mOA v 5 SSC S EEHL S A (U Sohhlh2
Dnmt3b, MCM F R VA N Id4 %5 ) TR 1 52
o B A R PR Y S lRleT, WTAPYEN
S5k 5 H WL, WA METTL3-METTL14 44
GIPK HEEE R RNA . 2 530 E & m°A B
SEAR I IR 5 B, 520 SSCs 1Y 4 +5 143

1 27 Mg TR A AR B AR R R, FE Stra8-
GFPCre (Cre-LoxP 417, 45 40 Ak BOKS I 41 iy
FIRF ZIR I BURE R R, SEEEEU O AT
BB AR SRR ) A AR PR AR (Mett]3-
sKO Fll Mettl14-sKO) H, /INEUIE AR + & R BEA
1w, (RPN PRS0 S R AS T 40 i
m°A K F N REAERE AR F 1R B 7 1 7E Prml-
Cre (Cre-LoxP /5, FIHMAKE N 183 F1ER
FATCHI RS, SCPLAAR RS FIIRERR ) 4ni
P B Mettl3 FE AR 5 B B A KGR g, 7R
METTL3 /31 me A B FERE T %2 4 e 1 D REAH
XA FR B

(A A2, [RIRELA Vasa-Cre /- SH I R B
ZH BT X IR Y MettI3-cKO (G4 5T 2~4) /)N
BB 76 R 30 RS T A0 L Ak 5 0 o3 240 B S
Bk 20 BEL 7 2R 01 2 2RI B B ) B
BAEmoR, SSCs THE4ER: . IRk . 40 1
Je Bl SR o SR G ) 2 O R Rk B T
P8, IEPEREER 7 mRNA (W Sohlhl . Nasp. Cdkl1b
) S AT, PR meA BRI TP Z B
Bedk ', kA, METTL3 i il i 33 4 5 DNA 4
& 2 N+ (Rad51/51b. Xrcc5 F Faap20) )
mRNA, 1F [ i 4% DNA 451 /1 )< )i (DNA damage
response, DDR), i — 20 {7 [R5k 43 24 1 356 (A 241
SEREE Y

BRAFEANME N TE TSN, mCABIIRS 52
IRANATREVA TS, [MEESIRRS T R A A bE . eIl
FEAM KT AT, METTL3 84 miR-145-#5%
I B =0 0 B R PR U B 1 (phosphoenolpyruvate
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carboxykinase 1, PCK1) il 5t 5 8] 540 i
W5, HOKBTRI T, METTL3 #3R 58N 40 T3k
7/ T 61D B i =R < a1 D i1 1
fbadfer, METTL14 #tk 5 ALKBHS i Fik ¥ n]
SN SRS O (18 | N [ SV DS YR A
LA RAE, mAMCH TR FREE
BRARTE R LA KR 1 o ] ) A 2 S 24 T 25 G
TESE LA EE 5 SSCs Fa A 445 S s K 7 24 v () Ty
REZS Ry o PRI, ARSRATY R B RS 4 Y P ] 5 7 [1]
FESUAR, DR EREELR M Z 5 LS
2.2.2  METTLI6A KT I 40 1 o0 A UK £ 240 i vk
O
METTLI16 52— Fh il 37 T METTL3-METTL14
EEUH mA PR, ERhmkL, &
SETHG IR M AR 24 LIRS BRGNS R
7D IR % Vet VA S (1 € ) 017 o N 3
S DNA 5 i 52 ke JCs A o ™ ke B
HHEEART, RICHEEALZESR . K40 5 f0RH
T RSB AR D PR ARG /N S i Al
S METTL16 0] LI i 545 Mar2a mRNA ()
m A B FE I SAM & aL, (BB IR/ B
KRN Y SAM AR, $/n HIh R IX ) 7
2R EFARET Y RS HT R, TENG IR A IR
ARG BEAR OIS 2R Bh I B, oAk OGS
(41 Sohth2) W3 TV, BN K% 40 i A A0
KIEH (Nasp. Esco2, Fbxo3l FflINsll %) S 3
ik, SO R0 B B o LR sE T o
PLI F, METTL16 J& 8 Hi meA AR5 A1 E AR
PERCEIRF IR . BE AT SRS RE A0 B o0 S AR 1Y
meA B, Nfg o A L BB e 3 (stromal
antigen 3, Stag3) WEFEVESYHES 5T 200
g 9, KT Stag3 FIEmC AN AT, Zad FEEE ]
AEHCH METTL16 41 519 41 U6 snRNA a5 4 [ 1
3B (splicing factor 3B, SF3B) & &K #IA] 5
BT 4% (alternative splicing, AS) ', TEUE,
Bror gt firh, METTL16:@ad F iz 2 8 ik
fiff E3 21 73 N-1- 5/ 2 1 2 (ubiquitin protein ligase
E3 component N-recognin 2, Ubr2) %A K m°A
TR FE I ) L TR 52 SPOTT I #0354 XU4%E KT 24
& s # (SPOI1 initiator of meiotic double strand
breaks, SPO11) i 14 DNA W&k W7 %! (double-
strand break, DSB) JEW{ 5 HEH, & A 5 DNA i
ik #r 5 & 1 (mediator of DNA damage
checkpoint 1, MDC1) & Sem #1412 (Scm-like

protein 2, SCML2) #HEAEHZ5 XY /ME (XY
body) S ZEHPE YL IR KNG (meiotic sex
chromosome inactivation, MSCI) ¥ % 7 f1 4&
e HAEEERE, mAEESEIAREY
e R 12405, H DSB JE B/ H 2 AH DG HE R 1) mPA 7K
TFASAAT B, $275 METTL16 A AE38 i m°A A
ML B4 5 R R A A SRR 5 AH DG L A 1 R
PERCR B0 25 3 MeRIP-seq Fi AR 1Y JR B, &
KT 45 G SRR ) meA bR IC B AR MR AN S B AR
PEDLELE A EEEMF ( (UV) crosslinking and
immunoprecipitation coupled with high-throughput
sequencing, CLIP-seq) 25, J-%i LA i 2848 sl n]
J e RNA RIS, 7 S M st B B R S /K1 39
HIE METTL16 X} Ubr2 Jx DSB 55 K Y B 52 6 i
5RO
23 ERBERTFRAETRHIER

H A IR 3528 m°A & H L ilF——TFTO
5 ALKBHS, 782U 230 35 i i 25 S 1k 3%
ik, 4325 mRNA R E M . AR B R | Yy
R . JSIE EE A N M I 52 B B (blood-testis
barrier, BTB) ZE4Pa¢dES Bl #E .
2.3.1 FTOTEAS A AL 5 1] 5 200 i rh 2 4% XU 4
itie

FTO 28 ™ E 1 meA L 3L, JB& T
ALKBHE ARG, B mEBSIFE M TR
() G D 240 6 R[] SO 400 BEL, R BRI A

2 52 FTO SRR/ B AR R 3 1 BLA NS /M
AL W B> BAEAAER, R

FEAF P

TEARACKE IR AN, FTO M bR 2 st
21 it ) 30T 95 DR 7 9 mOA 488 DA 4 i G L e A
KMgeihiae, HgEm O afia a3t sisg
&% (mitotic checkpoint complex, MCC) ¥ 5t
(41 Madl. Mad2 F Bub1b) Lk J G2/M 845 K+
(Cdkl. Cenb2), FTO BBk T2 LR A m°A
AKVTHE, 35k G2MIIBE AR . Gt ORRERE Kokt
2 Ll RS N N |+ 04 N N w1 B R A U
(meclofenamic acid 2, MA2) & [u] #l ] FTO 2= H
FARIEPETT BT GU/S #5742, 1 53 40 M S 10 A A
VLB 2 (cyclin-dependent kinase 2, CDK2) 3'
UTR L (9 m°A A F R AL B0, DA 40 )
G R

TEME BT, FTO LA meA 4P 7 =L 45
HEZE 2K (androgen receptor, AR) HJ&E 7K
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S, DA S [R] 5T 40 A T TR SR A
EAREZENE, HFEHEZMNEF (bisphenol F,
BPF) A4l FTO ik 5 AR #5347y, A BTB
A AN MERFE T, 1 FTO vl i gk
ZAK 1 (transferrin receptor 1, TfRc). V&EEIAR
W 7 B 51 11 (solute carrier family 7 member 11,
SLC7A11) ., #EHHE#E 1 (ferritin heavy chain 1,
FTH1) SEPICTAHSCHE AR m*A B, IFAKH
YTHDF1/2 /-3 H B A e P XL BPF 53 194
FHEEPE B0

I R 5E 0 & B, FEAE FTO 5 11 #U 1 KG
THEFNOA B h 4 m mAKFThm, RIHH
AP IR AR 2B RS R B 3 s FTO B sh R YT B9 i 7E
PrE =, BT S, FTO 76K s 4 i A a) o 21 At
TR 5 B B S A S AV S R E T, ARORAE
RS OMALE] . mOA S S R A DI RE 2 2= R LA
KRR Z 5 AR BIERE G RS i o f2 T i 7
25
2.3.2  ALKBHS7EWE AR 205 S LA AR L rh &
PEZYE ]

ALKBHS DA m°A ) F R, 1R ALh &Ik
e, B TORS B A i R IR RS - 40 A%
W o ALKBHS iR 5 20 A RS /g == 14k
Wraue WD AR 5IEIITR, RN
BIEL SEEAT

WF5E 3R], ALKBHS XK & A4 09 5 75 5
I B B S, HABR AN i 5 43K S 4
MiorAt, I8 FEORE T SRS IR B 40 M K R
R4 MBS b el S 2 B SR b R
ZFh 5K 1 & A S p53 TR M 45 AH G JE L (4n
Eif4gl . Fos. Spata3 ) 7F ALKBHS fitZk J5 ik
S % . b DNA HUJL #% B B 1 (DNA
methyltransferase 1, Dnmtl) F175{Z ZFf PHD HIE
WeE M & 1 (ubiquitin-like with PHD and ring
finger domains 1, Uhrf1) [F5ERE B 4248 (R 1) 25 )
f&75 , ALKBHS W] fE i i I # mRNA fin 1.2 5 9
B SR S R AZ JRAE . i A AT
P8R, ALKBHS GG 5 20k BRI L 5 19 E
WAt m A B 5 RINEM L ER, 25
I AT ET e g f “4E
B AFE g, R L S E e S Y65 &
91 e W 5t A5 T Py B DI AR O ™) {5538 2 1
FHZL RS BRI mOA AT RN 2 524
2R 36 fb B H B (mitogen-activated protein

kinase, MAPK) ¥{i&A ¢, T R3E P G F 3
o B, b, ALKBHS A $20i mRNA il T [
F (4n SC35. ASF/SF2, SM) Ay 41 2818 Hi I
mRNA fij ity , HEK 5k Z 78 HF (W
Sfswap. U2af2. Srdfl %) THREZEGL, FEGE A
3' UTR 5 % KobG + & B AH G B (A Foxjl .
Dnaaf3. Crem?5) FRikFKAfi, Hm2FBME0 %
e HE A AR T IR B R Y. 5 FTO 2640,
ALKBHS {3 P KR P 8575 7] 57 21 RNA 45 5 5
1 (RNA-binding protein, RBP) AJ5ZH, HEH
FACRR R TEIE T A0 RNA R 22 5, b2
FH 535 H2 52 AR5 RBPs A5 (9 I R I B o
{yitse—2 o 5

TR0 M, ALKBHS I 455 45 26 8 (1 2
(cadherin 2, Cedh2) mRNA B L) 4k if 52 57 [
5EEM:, HiZ mRNA B934 7] B IGF2BP1/2/3
EEYMYTHDFL A% ™, XFHLFTO R A, —
HBRA T AN M R B B Bk A AN, LA
i f L S B Y 2 9531k . ALKBHS fii 7] 25
SR E Y, W FTO IR M55 5 L . X
PR meA K& H LA R GEAE RN T B B A PR
P, MR — T R R R R
24 EEMAERTFEERNIER

WA SR, “EEH W T 22
SRIG RPN, FEAFEPIRI AR YTHSS
M K & 1 (YTHDF1/2/3. YTHDC1/2) F#%
AT LT RNA 5 AR iz i 3 5% N RNA N T
4 YTH 45 # 5 &8 11 (hnRNPs. IGF2BPs,
PRRC2A., FMRP) Wi et . 54 X BieR
B PR R S oy SR 5 S PR PR N 4
2.4.1 YTHDF2I#N T & £ A EmRNAfTZ

YTHDF1/2/3 ¥ R4 i i m°A 5 &8, )
ZFRIKTLZHE, Hrh YTHDF1 #l YTHDF3 764
SR 2 F 3k, T YTHDF2 764 i 20 i & 5 3004
KA P Fak, RME—IPE PR B e H
) “FEERET B, Bid YTHDE2 #9400 AR 5 38
TRILF] 80%, FEIGHEME/INRAT KT, Hhants
BRI RITIEAR L, s SR R
Ay S L K B 2 R ok AR B Y

YTHDF2 7] #2185 METTL3 i1k 59 L1 306 5
SR PRI me A B I TR L AR A, DA il
SR IR AL T 4 SSCs b Ra T B, RSN
PRS2, YTHDF2 Ao i 15 5 5 4 2
[ (matrix metalloproteinase, MMP) 5% 5& [A
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IFRIA, HRor bR RS IR AU A A SR AL RN AR, dn]
A 40 R 01K 56 3 TN Weel BEZE BB (Weel -
like protein kinase, WEE1) #% E AW [E g, et
G2/M & 45, DT I 455 0K I 40 JfL A 22 53 54 ik
T L gpAl, YTHDF2 A 1E [ 8 550k 520 it A )
SET 45 ¥4 3§ 43 32 8 21 8 11 61 22 R P 2 7 # il 1
(SET domain  bifurcated  histone
methyltransferase 1, SETDB1) fi£#f DDR, {HAf&
BOAR T T AR me AR E . (EAR TR
J&, YTHDF2 1 F Bpfaa MEAR 40 it il 8 8 4
P 1 (cyclin-dependent kinase 1, CDK1) ¥/
PE, 5@ SHNH YTHDF2 5 S WM AH G4 1 2
(S-phase kinase-associated protein 2, SKP2) -E3i{Z
RIEEMESYNEE, w5 HE Cullin-RING E3
# %M (Cullin-RING E3 ligase, CRL) -NEDDS &
Rk fR, F % “CDKI-YTHDF2-WEEL” IF 2 i
[l % (557,

RV RO 58 TR R A s A T st T By
Ythdf2"/NERATS ELAT 15 # A AR fE S SR ALgh F
{H Vasa-Cre 971 Yehdf2 s 5 | & 24K T
R KARIEDN (W Smep . Sord, Aplad %) St
R, SFHOEWEIEXAE, /8 YTHDF2 il
T BRTTA S B e SRR DR A B A B Si P B
FERGRME 5557 Z5 5 ARSI AR TR v (0 4L 1 3
YTHDF2 Jf- 4 24l 4 4% mRNA fiviz, Wil %
A 7T SR - Sy A T s -DIN A 5 1 4 - 40 it ) 40
Heilt” Z2H5)), WENS T & A R A e el
Hl s, TR KA, R Yehdf2 5 Yihdfl
Yehdf3 HA S P RN, (BT = R kw2 A
W], JaWiE o ARESE & 4ME YTHDF2 76 il 7 & 4
TR B,

2.4.2 YTHDC AR E AN 1k

YTHDC1 & 7 T 40 B A% 1) m°A 245 & 8 1,
AR TN AR, 7ERSIRANM . KSR
2 Jf DA K BTG - 20 380 o B A B
RIS G R E= O AN (17 A 0T B M el ES o 17
PG | KA A e R AR E B 5

TN, Stra8-cre /-5 Ythdel-sKO /R
FE IR AM AL AZ BH, T REAT A S 0 A 5 40 2
33 U F 3 5V . YTHDCI Bk 26 75 5 4 25 %0 fl
METTLI16 6k RIMAHPIH 7T J57#, #EMETTLI16
B R, HARNA LA meA &6 4% T 58 8 4 +F
{HYTHDC1 6 W] 57 B SR RNA i 75, 3
KR A M5 3Z2 400, 278 YTHDCL 78 m*A {5 5 1%

lysine

B RINVE RS BV A, BR T IR AL N K
A M, YTHDCI W 7R AR R B 1 S 1 1Rl
METTLI16 HYSEEEIN, Hh e 2 B (R g%/
SEASEHE T (NASP, ESCO2) HIKF-REAL 5,
S5 HAE U REAR M P 5 g R R 22 SR B 4 (A
F 3/7 (serine and arginine rich splicing factor 3/7,
SRSF3/7) KU1 & e Z2 R A7 IR AL 4 S L 7 6
(cleavage and polyadenylation specific factor 6,
CPSF6) 45 RNA I T R FIB i 2 4 1 LA 4 72
BYEE A3 UTR 4RI, YTHDC 78 M1 24 58 40 i
Hh R 5 R AT o P ) A RBPs 23 5 22 S fin T34
L AR P RIERTE Y

2.4.3  YTHDC2IAFHT RIS 72 25 30

YTHDC2 & [a] i 72 {57 T i it 55 M A% ) m°A 25
SEM, EEILPRFRE, R TR
) O T A B U A %y G A =B BB i)
DR 7 K B 2 YTHDC2 £E A 26 i 2 il
RIS PR TORSAE , B /N R B S
ZARFUANE L R 20 R D AR oo L 1 O
T, W 2R ShRH AT e 0 G H A A
HH” AW, YTHDC2 R YTHAS MBS, i f0 &
RNA fifERFZ5 50 . RIH S5 24 RNA S5 &
B, BT HZ 2 RNA HEERE )

RIS R, YTHDC2 38 i3 Y TH 45 #4831
Sl mOA B R P S T A i TR AR A2
(cyclin A2, Ccna2), P 2257 %40 0 mRNA F2
FEMES BRRCR LA RS 5 5, T gk Sha
B a2 e SR JE BLAF AT K — B R 4
T HEEAEIE . YTHDC2 8 % 5% 4 RNA I F: 11
ATPii;, HAT 3'—5 RNA el M, FHEAES S
B0y 20 v E A i IR E 25 A B 1 (meiosis-
specific  coiled-coil domain-containing protein,
MEIOC) DL K 5" —3'#% R 4k U1 il 1 (5" —3'
exoribonuclease 1, XRN1) M EAEH . &N i
e s s, WA el 1% 1 20KS B 20 L A
AW Z M, HmAZS A H4E (m°A-
binding pocket) RAEXIHEMEAT JIA R, R
YTHDC2 ) 9 £ 7 ¢ D) 8 55 MM RNA % Jié 1 15
PRV BN, Yehde2 FEiEAL 5 R0 Bam-25 5 2R
1 (BAM-binding protein, Bgcn) [A]J&, 1 Bgcn
IFAHAE YTHEL, #5203 FF YTHDC2 /778 m°A
FE AL = B BORR S M R BR B SE R
YTHDC2 7EAH 2 31 21 XL 1RG£ 200 i v iy e 2k
BRI S A T, SRR AR
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Hh I 4R RNA RS RTBH IR R A B Z/E T, (0
mCA A v AN A

SIS, YTHDC2 B nl GEAE J hdi 8550 24 By
B “RNAEHGBET-57, 7 meA M bR £
5 meA JEHCH 1 RNA fff e R i 2 Rl DR [RIVE T, 4
Bl SRR Y AU MR I R G . AoRAE
W B AL ARG B A P A T A mOA 25 K 5 e
il 2 15 2 AR IR I 2 A “FRPAE KA Bl TR T PRI AL
Tl hfe s TR E B MER &

244 AEYTHZS MR RS + & A A OCRNA
FeaE vk SR

BR YTH K IGE 1 Ah, ok B2 4R A m°A 45
&M (40 hnRNPs, IGF2BPs, PRRC2A. FMRP
&) WHIFSCIERE TR A EHEEEEM . AT
A “FREEET, REE T 225 RNA §4%
FOE . FE0l R 5 2 R SRR, W
Y A B AN LR AR S B IR 2%

HNRNP % [ % % B hnRNPC F1l hnRNPA2BI ,
MRS S E A S E TS, WRFET
K DR 20 B 25 R RG240 B o BEO TR o7 T2 Az )
TR E ] REONE I R, RN
DSB& & [t | [Al U 41 5 5 S skl ) iz ok
flig (>, HL -, hnRNPC 5 AZEHH R (human
antigen R, HuR, X %% ELAVL1) ®h[REIVER, WU
mC A ) R AR S R SR R e S AR 1Y) i
PR BTEE, IR 2R 0 5 ), hnRNPA
2B1 W LRSS 5 IF mC A ST I 42 D RS o R4 0 A
(AN Ep400. Rrs155), [FIEf5 ZF mRNA 1 T#7Y
K TR PEAHOCHE FUAH BAE AT, 2 3 D880 24 1Y 4
i B Ak SRR haRNPC 25 PR RBR TR
SIS R . W5 . JR T A OGS Y ik R
A, G RR A D) BERE RS S T R A R

IGF2BP i J2: 7y — 2 FE 2 A 40 T 78 m°A 25
G M. IGF2BP1 7RSI R R IRACPRAR, &
£E T SSCs K AR ALK i, FLIRE & B AR &
HIEL, Cre g gty 580 405 R0 2 574
R AR . % H Nanos3-Cre 75 Ji7 4 A= 5 41 i
(primordial germ cell, PGC) [ Bti& k% IGF2BP1 L)
TR FE S R MW G TR, 5 R
HEIK T &R, RIAEI AL A1
(sertoli-cell-only syndrome, SCOS) /IN& 1 £ UK
AR 25D s I Vasa-Cre 7EEEME B B IR 51
A, HFRBINARR Rl nl gl Rz foee w00l A
KRR WS, IGF2BP1 & i meA AP EH L PR

ANEKPGCsfiriz i MikS, WRHEEZ/EHNTA
FA S Z A A0 s B R R Y BLIZ
IGF2BP1 7] P[] ELAVL1 £ 5 2 Fh G5 SSC % A
(W Lin28a. Dndl. Gfral. Movi0) VIZ4ERFRE AR
WS HIREOETRE T, JFE AR AKT 2228/ 75 2
iz 4 Btk 2 (AKT serine/threonine kinase 2, Akt2)
mRNA D2 g A T ARG R A s 5, Rl B
DL meA A8 M 7 RS 2L = M4 1 (heme
oxygenase 1, HMOXI) mRNA {31, — %4
Z — WDy fe sz i34 nl 580 SSCs 14 7 i I 5 R FH
FEMETCRGAE ARG (50 ) FHELZ T, IGF2BP3
FEEIUE RIS, WA TR T Avs B2, BE
Al GE O m°A AR PE Oy R o B sk K 4
(transcription factor 4, 7cf4) mRNA %5 A4 45 40 i
JAT, AT DA 2L ARG A R R RO O
FeE Z A Y (5T AR DGR SAS, DMRZHER i £
K HR R i (s [, TGF2BP3 Bl 2 R EUMR
KR ETEAESZF . SR ST, i
i FE IR AT A — e R L oK e /N R AR
B e

PRRC2A fESEALH RIS, 4 T IR £ 40
JOFN RGO TRIEAE F A sh o e i
AEA R, HEVR SBEUNRAT , WU
| ERT: N R R TN SO G I N/ B 7 N W& B
7=, MLl I, PRRC2A 7] 5 Y-box 45 & 11 1/2
(Y-box binding protein 1/2, YBX1/2) . Mgtk X AHK
1 (fragile X-related protein 1, FXR1)., EEH
7 2 4 A F 4G3  (eukaryotic translation initiation
factor 4G3, EIF4G3) S FBUMHEAEH, &0k
+HF 5 Pk RNA UKL, 98 4% mRNA 12 & 1 5
B

FMRP J&:— M & KH 5 K5 4R - H AR - H AR
(arginine-glycine-glycine, RGG) &5 43 (1 ffd iz %4
m AL RN, fEEITERE, JFE A TR
JH o SR 1B A ke 2 T/ BRI SR AR A rh 34 S 30
SEAIE R UL S S T A0, b R R
HE SR, L FMRP s mA 45 A HETT,
PUA B T A v T2 1 AR 1) DNA 4
DIt i, HAEAE B Y me A A AT
e it — LIk 7

CEAKRE, HTIRMAI mASS S EATER T
A VR B R meA PR E N — 1A AR -
P BB R L oy AR IR M 4% AN TR T
YTH F % 32 B 5 SR A U [ it 15 iz D) 4k
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X S MR S A ) T R R | AR E TR
5 . RNA URLAF il K 3 ) 5507 2 U0 Kl 22
PG AT, DT AE A SR A e E O 3% S
P B SRR R T 5 N AR R A R IR
BELEETEAR . AKRAERAP IR T RS %
ElE” FIBENE . mOA FEE 3 S BRAERR
A BT RAE —FE A CTFC-GE kT BURAH
IR ST HaRMIRE TR T ke
PP RNA firiz i) Al SRR T 1 MISCHEFE T K

3 REHRE

- 4a o M= N DB A A E N NI BU B U
TR, PERER SR E G . WS B SR s R T
B, X RNA firiz BORS fE R s 46 T B i 20K
Bifi 25 e 2 R 2H 2R R 5 RNA B 4G 0 T B A Tk
K, m A 5 AM-ERE- SR PR
. T 2400 S R0 RNA JRFE R4

bR T = RHEFr R TRE, 5 AR 2
F i 5P AR . “IEEREE T 7R R 20 R
BB T 5N HAb . YTH 254038 59F YTH 45
Fk “EERE LR TG nhT WZ A
HA RBPs 2 5 m°A W45 N 1 IR vk -5 % s 5 A
o BAh, L g W mA B 4 YTHDC2
A B A0 (A% 0 D) e T 2 A0S HL it T Bl 17 7
BAEWALE, $OR m ABIMTERE T KL By
YERFFAE R Mt “BME-T-R0 " 2 B2
RSB, B AT REAE S RNA TR R0 28 v i) 58 A
SR BIE, 5 RNAG5A AT
RYEINRE . [EAF, METTLS 4514 18S rRNA m°A
it i — 2K mCA 9 AE 2 9% i mRNA 1 ' 2
PR EAL Y

REMCE A TR ZRE, AR
FEZITIHZS . m*A B AEFEAN & & AN R B B
i/ D 55 200 B i e A FEDRE IO 1) BP0 3 R T
itie AR A Z A] 1 PR R) 5 4547006 3 i AR B 7253 1)
B S30b, IR AL AT o M ok 5 119 B P s I
FES RO S A R, AL 27 S
A A A R meA 5855 78 448 & JF L8
SRR P MR AE

KR ] R S5 A SR S AR AR L A SRR
RNA Ff | LA 5 28 (0] R WG s AL DL S R 40 )2
W28 43T, TR R]5 2 A 4 A bk R S Ak sh 2
5B S OIRE, RN KT B R IE meA 1
PR . IEAh, PI4RFRAY RNA fdE T H, Nk

T CRISPR-dCas13 {3/ x5 4 514 B i fb i 2 P
UL S 25 R 1R S PR it A A0, K e A% K
m°A S R IR A 5 R SR P T G v AR
MK RNA #H B fE H #fi 38 (RNA interactome
capture, RIC) 5 m°A Ff 5Pk 2= BB AL bR 10 S g
FHZE G, A BB T 3 R T 5 4 meA MO Y
RBPs #H B AE M4, hy B RAG - e A 1) L5 Sf
B LS BT W R R SR AR n R
e,

2 % x #
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Abstract Spermatogenesis is a highly ordered and spatiotemporally regulated developmental process in the
male reproductive system, during which spermatogonial stem cells (SSCs), supported by the seminiferous tubule
microenvironment, sequentially undergo mitosis, meiosis, and spermiogenesis to ultimately generate structurally
intact spermatozoa. This complex process is accompanied by extensive transcriptional reprogramming, chromatin
remodeling, and finely tuned post-transcriptional regulation. Precise control of RNA fate is therefore essential for
maintaining the continuity and fidelity of spermatogenesis, and its disruption represents a major molecular basis
of male infertility. N°-methyladenosine (m°A), the most abundant internal RNA modification in eukaryotes, has
emerged as a critical regulator of post-transcriptional gene expression. m°A methyltransferases (“writers”)
catalyze the addition of a methyl group to the N°® position of adenosine, m°A demethylases (“erasers”) remove the
modification, and m°A-binding proteins (“readers”) recognize m°A-modified transcripts. Through the coordinated
actions of these factors, m°A regulates transcript fate at multiple levels, including RNA splicing, nuclear export,
stability, translation, and decay. Emerging evidence indicates that m°*A-mediated regulation is essential across
multiple stages of spermatogenesis, including SSC self-renewal and differentiation, meiotic progression,
maintenance of chromosomal stability, and sperm morphogenesis. Beyond its intrinsic functions in germ cells,
m‘A also contributes to the regulation of the testicular microenvironment. In sertoli cells, m°A is involved in
maintaining blood-testis barrier integrity, RNA processing, and paracrine signaling, thereby providing structural
and metabolic support for germ cell development. In Leydig cells, m°A regulates steroidogenesis, particularly
testosterone synthesis, and participates in cellular stress responses and metabolic homeostasis. Through these
mechanisms, m°A indirectly influences spermatogenesis by modulating the functional state of testicular somatic
cells, highlighting an integrated regulatory mode that combines cell-intrinsic and microenvironment-mediated
effects. Notably, distinct classes of m°A regulators exhibit pronounced stage-specific functions and coordinated
division of labor, collectively forming a multilayered and dynamic regulatory network. Writers often display
dosage- and temporal window-dependent effects; erasers contribute to stage-specific demethylation and functional
compensation; while readers function through a “switch-buffer” dual-layer architecture, and RNA-binding
proteins (RBPs) participate in substrate selection and post-transcriptional regulation. Importantly, emerging
evidence suggests that some m°A-related proteins can function through noncanonical mechanisms independent of
m°A recognition, such as intrinsic RNA-binding activity, helicase function, or ribonucleoprotein complex
assembly, thereby expanding the functional landscape of the m°A regulatory system. Dysregulation of m°A
machinery can lead to multiple spermatogenic defects, including impaired SSC self-renewal, meiotic arrest,
abnormal chromatin remodeling, and defective sperm formation, ultimately resulting in male infertility. Despite
substantial advances, several critical questions remain unresolved, including the distinction between m°A-
dependent and -independent mechanisms, the spatiotemporal dynamics of m°A modifications at single-cell
resolution, and the coordination and antagonism among different regulatory factors. In this review, we
systematically summarize the dual regulation of spermatogenesis by germ cell-intrinsic mechanisms and the
testicular microenvironment, and delineate the molecular mechanisms and stage-specific functions of the dynamic
m°A regulatory network. We further discuss the current limitations in the field and propose feasible experimental
strategies for future investigation. Collectively, this work aims to provide a comprehensive framework for
understanding the epitranscriptomic regulation of spermatogenesis and to offer theoretical insights into the
pathogenesis and clinical management of male infertility.
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