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Research progress on the role of epigenetic modifications in
oogenesis regulation

WANG Chao, QIN Shaogang, BAO Yibing, ZHU Tianhua, ZHU Zijian, ZHANG Hua,

ZHANG Yan, ZHOU Bo, XIA Guoliang®
(College of Biological Sciences, China Agricultural University, Beijing 100193, China)

Abstract To clarify the regulatory role and molecular mechanism of epigenetic modifications in female mammalian
oogenesis, the relevant literature published between 2015 and 2025 are retrieved. This review summarizes the
regulatory roles of epigenetic modifications including histone modifications (methylation, ubiquitination,
acetylation), DNA methylation, and non-coding RNAs during key stages of oogenesis such as primordial follicle
formation and maintenance, growing follicle development, and oocyte maturation. The potential value of
epigenetic modifications in elucidating the pathogenesis of reproductive diseases and in developing novel
diagnostic and therapeutic strategies, along with prospects for future research were discussed. The results show
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that: 1) Histone methylation, ubiquitination, and acetylation play critical roles in primordial follicle formation and

maintenance, growing follicle development, and oocyte maturation by regulating gene expression and meiotic

progression. Abnormal functions of related factors such as lysine-specific demethylase 1 (LSD1), polycomb

repressive complex 1 (PRC1), and histone deacetylase 6 (HDACB6) are associated with reproductive disorders

including premature ovarian insufficiency (POI). 2) DNA methylation establishes a unique epigenetic landscape

in oocytes, exhibits cross-talk with histone modifications, and shows both conservation and specific features

during oocyte maturation in mice and humans. 3) Non-coding RNAs participate in oocyte maturation and meiosis,

and their dysregulation can lead to reproductive abnormalities. In conclusion, the epigenetic modifications

influence female reproduction through complex regulatory networks during oogenesis and play essential roles

in its key stages. in the future interdisciplinary research should be integrated to explore new strategies for the

diagnosis and treatment of reproductive diseases and fertility preservation

Keywords epigenetic modifications; oogenesis; follicle; oocyte

WP TR L 3 ) B A B e O M T O SR A A 1Y
AT YE A B OP R A M kB BT, B0 T kR
(oogenesis) EH AL 2,52 8T b -2 4K -1
Ji i K HL R i AR 2oy F A RS s R . BT &
A H R B AR SR, B KR IR A B A i
(primordial germ cell, PGC) ¢k 5iT# R W st 1%
g AR IR O I P ST SRR Ay AR O &
B 500 351 Bk 4 M 3k B A S O R 20 AR e 55 g3 2
AR BEY R — RINE F R A
%M A% 15 i Cepigenetics) U [H) K % 14 “ 4 T JF
TN ILAL R BT R A 45 R R R 3R A T
BRI B S R Sk R AR B A B s e IR E
B1) B 240 B 2 DL K AR A5 R iR T F W RE A DG B R T
SRV 7 NI i S0 RSN 1 28 ¢V - ol L 9
Z AL 5 R &k M BP 8 D) 8 A 4 (premature ovarian
insufficiency, POD . B £J: 21 it ol 24 i 15 IR i & 7
15 i 5 22 B Ao A 28 A AR B 0 1 R AR U0 AR
Ko WL AL B M6 7 A 22 DNA P 5 R F
B A 45 Gl € BT 45 4 LA M R R 3K, 43 5 DNA
SAS A E B R g RNAST R Y 5 T
PRI S FMAB AL R 0O TR AR 5T AR T B
TR SRy PR OF 5 A A 0 R A5 LA 4R A T AR
o PRI, TR AT Jie 30 WL 38t 4% 6 1 A B0 Ak ol A2
w4V T AL R 5 T8 0 58 X T 4 2 A AR A AR B
5590 BRAS BT I & A B 0 0 B L A2 9T SR g DA K A
AR BCEAAEENE L,

H T, 2 W5 7R T 2 il 38 W0 3t % 48 i [X
FE U0 F R A A [l By Be iy ELAR T BN (R % 3% 00 3ok %
A6 i G ey S 7 O 445 BRI R B A5 B B R S A R
WAL LS AN [RE M 248 18U 22 (8] G fe] 58 SCHRIE B 1%
02 Z I VR 45 I 4%, DA R PR B DR 2R ] i o 2 08 35 A%

& A8 5 ) 2B B i A A5 A% 0 ) RELTY B = 2R G5 A L AN
O3 o ASHIFFE A G KGR T 10 4F B AH 56 SCilk , g T
T AL B M 7E B0 F & A HLH TP E AR, RS
G3 BT T AE A BT A BE B R R AL I R T 2
J7 RS (A F JI R AF Bl Bh A B R AR i
AR, B A R G0 b B A0 0 F 5T R B AR
HE F B DNA 34 DL 3R 40 % RNA S5 800
FEWLAE A% ML 7 B F & A BT A R 9 1T A
SYeR AER OB E IRk M RO g IR 4 AL
B, DA A HfE B i e A B (R XE IR I S

1 AFEARVEBIGSINFEEFVRXE

1.1 AEEREAEBHSSRBRMERRRER

W 2 B AN R A LA A2 R R T 1 B O
BEYN AT 28 07— R AR A Ll AR . AN BB
B PGC 1 | AR e Bt B0 7E IR G 55 6. 25 R
(E6.25) "' PGCs F T £ AR IG5 , A1E
E10. 75 ¥t il o A7 22 53 54 CREBEAS 58 42 M B 43 24D
PUH B L TP A MR (germline cysts) 4544, i
P A= AT i Bt B 28 7 2 A 3t A% o g R RN 0 ok
i, T E13. 5434k b BB 40 i 5 <7 B A ek 54
ZLHEFE 3 S B RE 41 M 7E S8 A 08 A o 24T T
(meiotic prophase I, MP 1D By 4 o & it X F i 41 )5
TN BUHS A S 045 AR LR ) (diplotene) 1,
B S5 A5 A 24, A B RE A0 B i AR 200 i
TV WG be O 1 S5 A L G A 2 5 R e K
TR 1 A A6 T B0y 2/3 B BB 4 I R X
U MR T O K R e A R
— 0 R B R IR A A RO T R
53 P A SR DR 1 R 4 [R5 B B A R T A
AR 200 A 5 DR AL ) R P DL R 3R W st A% 1 i 4%



5510 3] FMAE . FMIRALAB S 15 9842 0 7 AR i 5 2 e 205
DIRH IS NN o e e R N W R L U=

YER T EE R 2 — AEAH
B AL 3 7 5 A A (A S 2 H3K4me i)
i % H3K9me Ml H3K27me) & #FE/EJH (% 1,
2R P 3 Ak T 2 R s O R 2 i 0 5 4y 4 o
FIHE P e 3k, HH: B A0 B 13 K 2 725 7 4 2 0l 85y
PR KA AL BTG f LR Hodh 4R
o2 R R 5 M & B &L B 1 (lysine-specific
demethylase 1, LSD1) 7 Ji5 i B ¥ 4 19 £ 37 2o 72
RAE T RBAE . Lee %™ BF 5T 40 18 , Bl 5 5 g 51
B Lsd 1 2 ffi A 58 AN A A 22 5 BT &k, 5
B A P o AE /N B, LSDL i i o
H3K4me2 fl H3K4me3 & i 7K - I8 45 F g 3

R S NLLE XU R S R
LSD13# i3 b H3K4me2 {2 B [ 1K S, gl 7 5
Uy BP0 IR B B O BE A0 A 0 5 % o [A)I, B 4
W LSD1 i i B2 98 5 H3K4me3 1846 7 57 I 4R
B 96 4 R 1) 6 B 4y F SR AE 2R 1 O3 (forkhead box
protein O3, FOXO3) FIZ b4 [ 1 AH 5C L R i &
KAKE R IR R 72 MR W R Lsd 1 )5, B0
554 5 T I B i AR B 9 DR O e T AR IROR S OF:
TEL KRS R VE T R A BRFE T K i &
&K, FE 2 A /NR Z A PO, AT UL g R 410 i
4 R AL 5 4G B0 8 B S R i e )
K o

®1 AZEETERREREDESERNE

Table 1 Histone modification types, functions, and mechanisms
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1B 7O KDM4AA /5B ) 38 1 25 B 3% £k i % 1
YR WL AL ST, 08 5 B0 R A B R IR R F
HIfe % & 5855 % M GVBD FE 38 B i 2 7
F 5 b 56 ) R

USRS R 722 /8 - s LG SR S Y
b5 TR A A M e [R) A B 1 < 2R P B RS A S
O AR HLE 2 5 00 B 40 i ) 4 B . A
A 1 Bl A S Y 43 T 45— T RS o TR 5 UKL 240
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JiE8 T BB 240 i 4 G € O R A, 53— T T o 4
i A ) IR 22 R S P 0 e DR 3 7 A R )
4 98 2 2800 03X R 22 2 OB B T O A AR T 4 AR
A A 7 KR o 2 R e AT Sy R A B HE B A
SR B B B I 2 o S e e 2 (R e B R 41 6 ik
oy 28 IFARAT IEH 1Y 52K HE 1 MU TR fiE .

2 OPF R AE A HE R W E ST
R

2.1 5DNAREUHEXBENRMNBEEGET

B HE 20t b ) DNAH L Ak 3 2k o8 458 G (0 o 45
P B R 3R Gk B R R R OR AR ST T R Y 3R
WL 38 % P13, AR R 0TI B A B 1 2 U 1 4 i 4
fE T IR

Z A 5 45 M 48 (polycomb-mediated domains,
PMDs) 75 P B- 21 i v 5 3 28 M H3K4me3 W 1) 3 BEAR
KR GuEE RIS & B, LA O R 40 A B B A
IR BRI X 35 (nucleosome-depleted regions, NDRs)
(18 %88 B S BRI o X — B4 1 i PR 5 1) H3K4me
SRR EC P 59 DSk DNA B IEAE™ 1 Kdm la/
16 4y 3 19 H3K4me % B J2 BB i CG & (imprint cg
island , CGIs) HEN B4 ™ Ak, JiHE H3K4me
B BEIE ] (AN Crpl J Sall4) 4k £ 5 300040 i
JSLEAAZ BH T 3R BH A6 M 3 e 2 R e € 5 T
PR G HERE . AR i O BE A M Y F 42 M H3K4me3
TR G0 S il M 45 A G T 45 5T DNA k3
R DNMT3A/3B il MLL2 Al 4 5 A4 1 5% 5% 1
H3K4dme3 & i . Ak, #4858 M2 . Kdmla/1b
Dnmt3a/ 36 Hi [ A 5RHE A0 I PMDs [X 38 /8 G4 4 5 n] K
AR K A7 F3 A% (1 58 SUIRHE B AL B A1 Rk

DNA F LAk 4 AL 76 /DN BRI S B9 B 240 i i
Pt AR R S RS . RI/INR R B, BR R4 i 7 2R
KB B 1) 725 B0 K AR A K M1 2. 3% B 45
BB GV Y 40% Y IR E M I DA S 52 =X A7
FECCT O B % R A K H3K36me2/3 Ry
DNMT3A 45 (19 3k B AL PRI e (5 - 5 7
B R EP{CHE ST R, MR B 40 i P 22 5500 BN C 3 2 X
3 (imprinting control region, ICR) % ‘4 5¢ 4= Hl 3&
R Z IR ST 2R B /N BRI RE G AR R Y CpG FElE
CpG W AL M e T DNMT3A Fl DNMT3LP i
DNMT3A/DNMT3L @l 2k 25 3 B 42 Jay B A Bk 2R JF
FEO R L BB SN, 2S00 RE4H i

£ GV M 15 M L7 CpG B B AL 7K 7 BEA TS
SETE 5096 7, Horbrsy B LAk X AR R G R AT
I LA SR e AR Y Ak X sl U 4 v T 3 4 CpG
Ja BT CpG 8™,

JSAE R A Y B RE A A AR AE P A S B
0 A 1 B9 R A48 g AR S B — | HO Sk
HBE b5 Y 5 n] R Pk | B TR SRR DDA O
NP BEA AR CpG H S0 78 1l 2 ot A b B 35 T
B, JF T M OIL Ik B 0 (8705 H 7 Ik B 4 5 Sl
LR AL F B A 2, HAE CpG 22 5 H 31k X 38
BT R, G R PR 3R 5K S 5 R R A Y XL 1)
PE AR Y . A WO EE RS G R Gk Oy, N 2B
DNMT1, DNMT3A 7 45 B B ) 41 % ik, 1
DNMT3B Y7 FGO .M 11 M II 3 1) 51 & 41 ity v
i FGE I VT fE 32 5 A0 AR K B B i DA Sk 3
s =38 1E B R RE A b 22 5 6 F 4H A T 0
2.2 dE4wFE RNA

FEUN ML B 3, OB 40 i mRNA Y B P
il VAT ) P R M R A e R R — . X —
i 72 % 2 4E 4 % RNA (non-coding RNA, ncRNA)
5 RNA S E AR M5 . e KB, K&
B mRNA MR 5E RNA & 2451 L RNA W E R4
Wy ok 2 5 B RR A o WS 2K R IS W) E B
SR B R RS A VIR IR 40
TE GV 1] W8 53 2400 52 191 K i 32 25 A8 [] & 7 e
B AR ST neRNA A 38550 3% 36 18 3 2% i
o3 LB 5| K UBUE Sy S BEL VS B8R S5 A A B A
() B, A7 200 16 f T (%) 440 i A1 2 3 TT A 0 3 %
ncRNA P ] 59 B 40 g gl 2407 . Bz, 3R 4 g
RNA W] fig 23 38 oF Z2 Fh 77 08 i 22 )2 08 1 X 4% K
B P IR BE U mRINA B PE 0825 53 24 1 P R0 A 0 I
B A 45 2B B L AR AR gD RNA A I 8 P e
O EEAN M R B e A AR 2 W S T R T
BT, AR AR R E Z 407,

3 #AitS5RE

HArt A Mg L B, 45 LSD1.PRC1 .,
USP5 . HDAC3 . HDAC4 Fl HDAC6 7£ N Y 5% # %
L PR - 388 3 Bl 245 4 M Y o o R L / 1] 2 18 4 ik A
FEIK O B UM UR U0 & T R AR R R RE A0 L A iE . X
e BRIR AL T 0 B 7 2 A A O R A B A OF
BT AL K ORL 5 POT £ AR B B R 1Y o6 Bk
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