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Research Progress of RNA Epigenetic Modifications
in Regulation of Oogenesis
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Abstract Oogenesis is a pivotal process in reproductive development, involving the development and matura-
tion of oocytes, which significantly impacts female reproductive health and population genetic diversity. Oogenesis entails
intricate and precise genetic regulatory mechanisms. RNA (ribonucleic acid) modifications refer to the process of adding
chemical groups to RNA molecules, thereby regulating RNA functionality and stability, playing a critical role in reproduc-

tive and developmental biology. This review provides an overview and prospects of recent research progress concerning
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RNA modifications and oogenesis. It primarily elucidates RNA modification regulation of mRNA (messenger RNA) tran-

scription and translation processes, chromatin accessibility, histone modifications, alternative splicing mechanisms, as well

as the effects of RNA modifications on oogenesis and embryonic development. This review aims to enhance theoretical

research on the regulation of reproductive development through comprehensive RNA epigenetic modifications.

Keywords

RNA FMAE i 72 7£ A U B A 7 1 (4% L &
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RNA modifications; epigenetics; oogenesis; embryonic development
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yladenosine, m*A). N’-H & &4 (N -methylguanosine,
m’G)%%5 ; RNA Z A& 11 3 B FE N- ZBE M (V-
acetylcytidine, ac*C); RNAFE FH AL X1 L3 5-72
FE MU (5-hydroxymethyleytidine, hm®C) 1 6-5% FH JE i
¥ (6-hydroxymethyladenosine, hm°A); RNARBEEZ{LAZ
THiELHE 2/~ 2 PR (2'-uridine phosphate, U)®, HHh,
RNAFEA 2 H B0 F i) 12 M RNAB ISR,
T meAfE i e FARAIE I AAAE T mRNAMIHES i RNA
e, L RNASA 7 250 DL

2 RNAREEIREEINFASE
2.1 RNA m’ARRELIE

mCA & BB YN B mRNA i =FE & &1 .
‘B EZ L RRACHIL R 75 tH I E mRNAH, T

NH, m’'G

Nn PN I .
SRS

OH OH
Inosine (ﬁ
N.
{ I\ NH
HO. . N)
(0]
OH OH

El1l RNABIBHLFERE
Fig.1 Diagram of the chemical structures of RNA modification
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g 1 3/9E#0 3 X 48 (untranslated regions, UTRs)#ll
mRNAZ #5178, meAI& 15 DNAF 31k
&7 AL, B AR S AT ), F 2t 5
i mRNAFE S BIY). @0, BHEEAI A R AT
P PERIE . WG R B 5 B B AR B BT R
211 mAfSAREEE mCARIEEITNE S
2112 B LB FL I (methyltransferase). 25 340
1§ (demethylase) 1K 51l £ [ (binding proteins)k [A] i/
TR, IR RS I T A A mRNA bR & A
b, LR B F5 METTL3, METTL14. WTAP.
VIRMA. RBM15/15B. HAKAI. ZC3H13. MET-

TLE16% , ‘eI Tnl i@t 2 ak AL RS B 2 A0 (mCA

&1 )5 ) RNA T ZE i mC AT 51 2 (B 55 YTHDFs.
YTHDC1/2. IGFBP1/2/3. hnRNPAHI elF25 )k AT fdi 4%
5E EE ST RER,

2.1.2 RNA m°AMARAIZ 90 F & A A IIF K
Az 2 ISR T A T 20 i 1 S A O R 0 B ) 5 A s A i
2, Horp BRIk T 32 BIFE P AL BI A 1 4. o
FRA AR T A 4E R . AR R
I B R s 20K BER mRNATK = A
FNPERE . PGCsla) BN BELN A /A3 A2 T s B AR T
2 DAL ) SR YA A, e et B e R 42 L ) s BEL i
GEF TR RS A EOE TR A B R, meARE
in] 2 2 50 A8 8 (alternative splicing, AS). ZH

WA QB RNAD L 505 A
FEo RXFE R, me AMBILE 0T & A b R i L
PR, (B BARNL i R AT FE(82).

methyltransferase complex, MTC)] /5 203 [F] 47 {4
IhREP Y, LWL EGHE FTORALKHBS, 'EA 1%
ER A ) me AR SEAS I 72 AR 2 F AR 112, meA

O A
T

’GI

Pre-mRNA e (R - D - (D G -

Splicing and
l processing
mRNA RS [

Transcrlpl 1 Error ttanscnpts

]

-

Meiosis related mRNAs ~ Maternal-associated
mRNAs

Me,
Me

*
O-0-0

Primary follicle

H3Kdme2 | H3K27me2 |
| Melotlc division IT

& * |
X Ji. 5.0

Meiotic division I
Mature follicle 1

Ovulation

Primordial follicle Early secondary follicle Secondary follicle

mCAMBAE IR A (L R P A G I IR T o METTL3 M R mC A Ui 5 0 51 £F 2410 A R AN BEARRNATK B . YTHDC 18k 2% T 32
YU REAR A A AT AR BT DTS . O BT AP RTA A 1429 (R S Mk R FEa 52 5 O A AR AR SR IO B (R A T Bk BR i1 . IX S8 iR R BUME A T
S AN O BEAT I RNAACH BT o AR O BEAT I h mC ARE MK F, 22 S B B A TP B4 K-F AR A, DTS G54 A4S 1 AL R et AR R A1, Bt
A GBORHT RN . ALKBHSRI SR IFE | BEERNAK S A, AL MR (K mC AV 5% 5% 7 SR IGF2BP2 UL, S EURNATS R
S A, REEGRRY], m AR LIRS 5007 AR S B B4 B ETLAURALE B KT T, SO T AR
AmOARA I R T A K B R AL R B KPR BRAI, 2060 35 AR B i UL -

m°A modification plays a key regulatory role in the process of oogenesis. METTL3-dependent m°A modification affects oocyte maturation and maternal
RNA degradation. Deletion of YTHDCI leads to alternative splicing defects in oocytes. Specific defects of KIAA1429 in oocytes affect exon skipping
events of genes associated with oogenesis. All of these events lead to abnormal follicular development and RNA metabolism arrest in oocytes. Reduc-
ing the m°A modification level in oocytes leads to alterations in histone methylation levels, subsequently affecting spindle assembly and chromosome
alignment, ultimately resulting in the blockade of meiosis. The deletion of ALKBHS affects the timely degradation of maternal RNA, and the specific
mechanism is that a unique subset of m°A peak transcripts is recognized by IGF2BP2, resulting in impaired RNA clearance. These results suggest that
the level of m*A modification and their regulatory proteins are involved in various stages of oogenesis. In the figure, the red up-arrow indicates the
increase of histone modification level, blue down-arrow indicates reduced levels of expression of m°A-related regulators or associated histone modifica-
tions, and the red cross indicates the obstruction of the process.

E2 RNA m°AfZIH3SI0F & S B

Fig.2 The regulatory role of RNA m°A modification in oogenesis
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! Zygotic

mRNA translation,
transcription

Maternal mRNA mRNA
decay translation
1 Major ZGA
Z-decay l

‘ %. M-decay

meABTE BEAR B & 13 AR 1 A2 i i R 4 DGR ) 4 VR Y, mCATEMZ TR 455/ B Z B mRNA A2 M, JF ALk 4 SRS 7 MEmRNA ) 3
A%, YTHDF2 [/ 23 JHAG BHEmRNA R A# . Y THDC LEIENEXTE & M0 S B B 3 IX e m A I LINE LTS 5648 . IGF2BP2f)
BRI R 240 R HImRNA R BN #% . TTMETTL3RIIGF2BP2 1R 2 B2 40 L] BHEmRNARH B 280% . X S6HF FOIESE, me Ak J2 G
W R T AEMZTIE AR HPont BEAmMRNA R R E P HA SE IR 0F AL, IR IE R MIMZTRERE . P 20 10 1) i Sk Romme AR S 72 R 738
AP BL B mC AR K BIRAIR, 4160 5 AR B A

m°A modification plays a key regulatory role in the transition from maternal to zygote, and m°A maintains the stability of Z-decay mRNA in mouse
MZT, and promotes the decay of specific mRNA in the 2-cell stage. Reduction of YTHDF2 hinders the degradation of maternal mRNA. YTHDCl1
promotes the decay of these m°A-modified LINE1 elements through NEXT complex-mediated nuclear degradation. Deletion of IGF2BP2 affects the

~8

Maternal

LINE]1 RNA
degradation

mRNA level

Minor ZGA

translation and transcription of mRNA at the 2-cell stage. However, the knockout of METTL3 and IGF2BP2 reduces the translation efficiency of mater-
nal mRNA at the 2-cell stage. These studies confirm that the level of m°A modification and its regulators are critical regulators of maternal mRNA sta-
bility during MZT and affect normal MZT progression. In the figure, the red down-arrow indicates the reduction of the expression level of m°A related
regulators and the level of m°A modification, and the red cross represents the obstruction of the process.

El3 RNA m°AfSIH3 RS FR LRI

Fig.3 The regulatory role of RNA m°A modification in maternal-to-zygotic transition
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TEAHOC, H3K27 = R0 5 45 e e B AR OC , T
H3K27 LA ] 55 Gt 57 TR IR A AH DG E4032530,

1T A 5 2 B, fEmESCs(mouse embryonic stem
cells)H Fron] /v K 4 84 1(long interspersed
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R AT 2R RNA &6, L35 4% b
A RNA(ribosomal RNA, rRNA). #%iz RNA(transfer
RNA, tRNA), PL & mRNA. eRNAAI— 69} 45 g
RNAPY, 7E A, NOL1/NOP2/SUN4: #4)15,
(NOL1/NOP2/SUN domain, NSUN)Z i LA Sz DNA

FF B4 % i [R) U5 4% DNMT2AE 9 RNA m°CH&ifi 32 %
()R B FE I . NSUNZK AL HENSUN1~7, H
NSUN2 = Z/E4H 5 i 55 t(RNAZ A, NSUNTHI
NSUN5Z: 5288 RNAfEMi, NSUN3 i 5 KL A (RNA
m’CIEMfi , NSUN4T 15 28 kit IRNAME M , 1 NSUN7
5 mRNAFE LA B, m°CIE MR iR 5 & 1
FEALYREFFIYBX 1160611,

222 m’CH&AhiEIE 9P F & A AUk PN AN

BEOfa . B, Hy TOEREEM TS A R B sk
AL EANFAL R B B Be2s i mRNA mC RS & B E 2
NSUN2FI NSUN6fAY, BEA mRNA K& A= [m] 5l 72 7 1
AL . BEA mRNA m*CIEM % R v T 2R R I
AR BHAEIR , MZTH AR GEIR SIS 2, 9t ioR
NsunS' IR BRAS T SN R AEFIRE , Wil Nsuns
HE KA P REAT D GVBD A MITFY B B3R B E L T
B SEMAGR BIRGE, BITE R EK. Lo,
NsunSwgbRia3a N 7 51-BEAH A 5 AR e (o AR BB (1)
RAF . m’CIEMRERRFEAC T Mad212F0 Gdfor #l %
R PRI E AP REL, R4 mRNA R R E
PEP2 AN . AN, NsunSHila 5l & 1 90 b Brd8sh
B XIS E . TR, —FRR
PyNSUN2[{INSUN2[FEMIRE 15 B mRNA, 2
H5ERBEFARNEE . DR, 2k
4 RNA m°C 46 7% i NSUN 1635 T B AT 28 H 511
KA AR o Nsun 5ok n] SEERIR I, §00
YARARAS RG] m R R R K B BRI, E0F5 IR RE4H
JRLRRFASRIS T, Y-box 4 5 1 1(Y-box binding protein
1, YBX1)Z2 —FRNAZ &M, 2 5RIAmRNAB 1,
mRNA I BFIRI PR B ORI Ybx I AR
FIREIRI -, HRHA Yox (k2 S50 5 1 51T
TR ARG & T B R A, A6, YBX1iE 2510
ARG R BRI BEAR mRNA I AR . 75
YHARAEREH , Yool AR R AN BEJF SR PR ZGA KRS
RP=A, SRR 2 LUK ) Yox (R 4
R4 (&I H3K 9ac. H3K27acH H3K4me2, AT
et ZGAAR L R 5 . eAh, W78 R B H3K 2 7ac
TEYbxIJA 3T H & 4R, et 7 Ybxl mRNA%L S
YBX 18 H B HH IR B FU R It BRR Yox I}
i) UP BEAT AR AR R 1 42 R M 1R 220G FL 2L, REJR Yox!
B DRI 5 BN REGH B B AR IR T iE A Sz 40 . BEUR
ybxI(maternal ybx1, Mybx1)FAZ MG ASREREAT IEH (1]
YRZLFIMZT, fESLMaRT T, YPSYESN YBXT () AR
Yrsid e s & S m’ CIE I RNAJE 3 I A5 R T
UARAIYERE . RN,

25 EATR, m’CHIEA B R I -5 mCAAE L
EEEHLE], m IR K S Fe s R 7 mT Lhdid
1] B REAH f B A mRNAFRE . GRS & LA RNA
T BB R R R i O R AR HERE
2.3 RNA m’GHREEIREIZINF & £ HH

N-H 3 51 (m"G) Bz 7 4 /£ mRNA
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tRNARTrRNAH, 7E1R 97 RNAJN L ACHAI DI fiE
HAREIEH . m’GIEM T 54 F% B (methyltrans-
ferase) 5% JE %, 71 A4 3% METTL 1-WDR4 FF 3L 4 74 i
S AR, RNA SR 7R LRI (RNA guanine-7
methyltransferase, RNMT) Al Williams-BeurenZz & 1iE
Yete 22 [X 4 1 (Williams-Beuren syndrome chromo-
somal region 22 protein, WBSCR22)% ., 2R, 157
m' G 1 25 HY A i A A 3 1 R il £ 3 H AT AN
THEE. BRI, LEFEITUNES ON BRI e #had F v
S 0 JoT v S MRS 7 SRR RS g RS R 3G N, O BLAE
PR A G FE R, mRNAF S iiE 45 4 1 3 22
RA RN H B P [E] {2 a3k B 17
2.4 RNA m'AREALEIRIEZ IR F & EALH

m' ASE AP RN AR rRNA =2 5 4 1) —
i e 2, 5 moAR & — KRk, aEs
7 m'AZ AL EE ALKBH3 @ i £ 27 BAE R 3=
T AT Aurora A mRNAFIm' AMB 1, M6 o
R 1 I 38 iR L0, I AR HES M 2T B A R
MR R BT,

3 ZHRNABIHEEINF & EANH

b R A A ARTER AN, — 24k
AT RNAG (nPIE. LB e s, 2
B, PIE ) dkiE 2 5 s K E
3.1 VI IRIAIEORF & S #LH

B PRWEE (P) 2 AAE T HAZ A RNATIRNA
mRNA. tRNAFI/MZ RNA(small nuclear RNA, sn-
RNA)H . W HI PR @ A 7 d 6 S RE AT A=, 3%
AR AR RS E AL . mRNA 1) PAE A2 H R
JRUEIE A R (pseudouridine synthases, PUSs) AL
Az, PUSSfAE PRI NERZ TR (U)W G0 R A B, T
B R ENERZ IR . PUSsEEE ) N 280, — PR AN iR
B B R (ST T PUSSs, 55— iR 75 B4 B A
H17MZA~ RNA(small nucleolar RNA, snoRNA)ffK i 714
PUSs. HF5T4kiE, EIEMTME N EEAAE S, BT BT
Al U2AF65 TG R AR 1 ) 22 S8 e e 41, S 3501
A mRNA ] 22 BY ] AR BT,

A, EAIRNAR R H AL H/ACA R E & 1K
& AT B A K AR (H/ACA ribonucleopro-
tein complex subunit 2, NHP2)& HHk, & T3
M SR AR TE T AR 2 R R E TR 44N

SAH M P A BH I . (H AR K H ONIEH 16
M ZE . XKW YR BES S METE A A T A
ﬁj\,f/t[75-76] R
3.2 CELIZIRIBISORNF & £ HLH

HAZ A RNA SBEA B 208 N*- 2 B
1 (V*-acetylcytidine, ac*C). ac*CilH #iE LA —Ff
TR BRI, & S R IR
AETHRNAMIRNA b, AlHHES 5 E ARG
B gt R 5 Ak, ac* CIRIFEBE R IAZAE T N2
AT RERE R ZH ) mRNA A, JF 32 22 H AR 2 Y 7 471
R S mRNATSE ML S R R R 4 A
FIax U, N- BRI 10(N-acetyltransferase
10, NAT10)fE A4 A 4L H B B GCNSAH K
N- OB 3 #% 1 (GCN5-related N-acetyltransferases
family, GNAT) R HI B, [F I By £ AL B 45
FEJIBRT RNASS 5 254038, BEWSHEIL rRNAL tRNAF
mRNA Aac*'CIEMi . B FURIL, NATI07Z /N R BE
YR B TR . NATIOR I A SactCiaim,
2 CCRA-NOTE &4k rh L E LR RIE , R4
YRR E S OR BEAN M A AR, R R AT S BUN R
I R0
3.3 ALEEIRIEIEONF & £ HLH

JULH (inosine) i i H 5 227 A RN A,
7] B RNA P R i 20 (adenosine adenosine deaminase
acting on RNA, ADAR)F KM TE B ™. FEFHES)
Vb B 11 ADARsA 35, ADAR1. ADAR2(¥J{E7R
AR ), L ADAR3CHBEEE M ARARIE)™ . A
AN B I B RNASY S WLEE I, i AL
Mo s 5 MO B R BEAT IO, LT BB RS e PT S 5
AMpEThRe. RN, DLEERT HE 0D RNA, S0
P BUBEAT . RNA 2S5 H AT RNATH L B,
SCHRARGE, AdarTHIERE 2 FEUNRRIRSET- AN 2 3%
BRESRES. I TREERET, SHAE 12700
B SR RRAE AR EE , T R GV AT MITHI R R0
N ALE B RNADLE BB+ 8 B, IRk m 4R T
mRNAZE A9 X, S NUE S AT e f 2 i e
TR DRERZ I BEAMRNA IR E . BRILLASE,
Rk Cnot6l2x i/ /)N SR G BEA B - RNAJJLE 21, 3
B MII SR N BEZH i BRI PE mRNA R FEff 8 ™7, 52
Wi RS —& 1 B R Hh i e sAST B, AT IS IR
NaKRE . B, 7L 50 BRAHM RIS A A7 AE — MBI
SN T R BREEmRNATH R L] -
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RNAE 1 2 7 WL 18 4% 2 1Y) B B4 Rl 4, e —
AN R FE BT AU . AEOE T R AR K B T
T, R AL F I A P RIE, RNAMEI K IE
FEANAT BB IOVEH , BFFCIE I 5 5 () RNAB I 2 5
FOMEPE AR TR R A . RIG R BEL 5 AR g
B o H ATAS [F] RN AE 1 25 8 75 4 2 7 4303k 1) He
FILAE TR B . A 45 7 mPA. m°C. m'A.
m’'G. ac’C. hm’C. W, JJLiFgmiE 55 8Fh RNAXIM,
I U RNA ST T 1A 2= 2540, b JE DR 2 Thie Fi A
5E PR AR M AT 4% B0 7 R AR B R . mCATE R
H 70t 7T i % [0 RNAEA , $E 2 5 8007 K
AFMZTIERE . mCAT 28 AT 520 mCA B 1K
S, BRI R AR I AR R R R AL BARES, S
mRNARFRE PE, H- T EOP BFGH MR & GG . AL
FURI, mCAIBIREE A R P RS FI G 5%, H
mC AE A a2 5 1 B RE 20 g 2 €2 A HE 371 DA R &7
PR, IR o AR , 308 1 453 55 O )41

SR, H RTFRATRT RNAMEMG 5 08 7 & 45 2 6]
(1R RMAENTIE+ 2 R« FRIRABEFEAS A 2R AL
RNAMBMRTE I T K A= v (1 E AR Thag A aE L], ok
FEH AL FISAKE . BEAE 540 MR S =
AR, DT LLs R, A HEHh AR 1 RNAK
MO T R AE PR EAG R, AR RN 253
BT RNAME 1) =F B R F O RIVE LS. AR
Wt 577 1) mf DA 3k BBG 25 I FH RN AE 47 A 2 1) 4% 53 4
T FF 77 %, RN IR ZR RNABM (1) 43 A A 20 M 32
B, #6875 RNABI S 00T R AEZ AR R . ARLR
WEEHT T RNARME LSRR R, K
PUAEOE 7 R A A A rf , RNAE b A G A 22 A s
B TT RE A7 75 52 2% IO AH AR FH AR IR N4 . T340,
AL RNAAE i S A 25 ARG B A JE R AR o 7RI IR
S, BE AP E AR ERE T 55, RNA
e BT SR A A BLA5 4, IE AT RNA
USRS HESE A F 7 =X, TR SR TT
5 TH] B G b 5 By R e e A R ) R

25 LRTIR , RNABURTE IR T R A i S )
WEEDIRE, X T RNAE 5 G822 18] TE4H
BHURLE T3 — S 7T . ALk N R RNAE
S RA AR Rt T HEIR S, AIRIRAE
B f B 073 (VU B i AR 441 1 7 I
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