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Abstract: During mammalian fertilization, chromosome configuration undergoes drastic changes. Highly
condensed sperm chromatin decondenses in the oocyte cytoplasm, then the two sets of genomes from male
and female gametes join together, undergo large-scale reprogramming, activate embryonic gene transcription
to restore the totipotency and subsequently the zygote develop into a complete embryo. Epigenetic
modifications play important roles in this process, which mainly include DNA methylation, histone
methylation, histone acetylation and histone replacement that change the conformation of chromosome and
the binding patterns of transcription factors to activate or repress gene expression and to regulate
embryogenesis and development.
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FARL ) RE N FR PRt ar 6 2. RMIBHE 1B
Fg A LR P IR A AR

1 DNA HELXEMRBEERE

1.1 DNA RENEBBEMRRELE

DNA 1 JE Ak 2 6 7 DNA WY 5: AL 5% 7% il
(Dnmts) MFEFAT, K S B H i 22 (s-adenos
ylmethionine, A PR SAM) 1 H FE S INFE DNA 43
TR b, AR LAY RN M BE SR 5 AL
el b, IR S A E (5-mC). &
& CpG WP SRR CpG &, HORY Ml o34 F
WAL S RN A, WEL YA Dome 4 3
Dnmil, Dnmi2. Dnmt3. Dnmtl F ZEAE & 1
DNA E il Ffe 2 h i o B4k, Dnmi2 %
9 tRNA B BEEE RS I, HA S48 19 DNA
FERSTHG L. Dnmt3 A4 TS Sk FH AL AL il
Dnmt3a. Dnmt3b Fl—/H 15 & 11 Dnmi3LY, 3
AR CpG WL, TEMRIR AT,
Dnmt1 (AR A AETER A, JF4ERH T
SEAL B VE AT s {0 Domtl 78 /)N BRUSZ RS O I 1 i A%
FAMEERTAZ o SR AAEFE Y, XU Dnmtl 5
FRASEZH DNA HEEALA X BRI A 2 VI OC &
Dnmt3a, Dnmt3b 7£ ES 4l o 355 3= B4 pli AR 41
L, ERIRAE b FRT 25T CpG By
FEAL s T35 DNA HEEAR A 1l 5 & A= 7E
e RN R EEER A AE CpG 8 X3, 306 A R A
KRR T TN IE A EEAEA. Dnmt3a,
Dnmt3b 2K % 45 TH0 ES 41 Mt DNA DA 3k HY 3
b, PR 572 (1) /)N BV i B A AE T 3840
wHAN, AR BN Dnmtl . Dnmt3a, Dnmt3b A X
WAVEH, 75 E 8545 K (E-cadherin) i) K ik,
N8 XTI IR 3552 B8 T, S IR
A AN B8 A AT AES Dnmts 19 539 A7 5651
Fi B Dnmtl. Dnmt3a. Dnmt3b X2 28 14 /N B AR
T ANIETER SRS TSR RERE IS TE , TEARSMAD
e, EIRWUITEA R JCIE 2 DNA Mk
H AL AL 2 DNA H R R 4ERRER = IR L & 1Y
HERAT. BB PESE R, TR Dnmtl
Dnmt3a, Dnmt3b 3 F i () 4% £ 46 09 /N BRI iR
(TKO-NT) A AR RN R G (WT) L b 2 81,
TKO-ES 4l jfi 7553 Ak S IR 2 4l i iz i s T, (B
HBEME RSN Z . N TKO-NT FEJIR A i
SEHEFRIZT A (TS cells ) RERS [ TR 5T, IFH.
BT A B A Y PR SRR TR A

1.2 EFAEEER DNA RELNERESHIRA
£%8

DNA B4 A= 5 41 A0 5B IR G & & B
S TRV N E S FE. Southern blot 5%
B0 SR, /IR 20 b e 05 E 52 )3 40 1) AL
PR T UM rh E A P4, IS 2R RS 3+
[FJAEATR 64k, i ELRG A0 B 4L £a. 51 FH 34k
AEHER R T RAAIIG. WHFLY) G IR TE S2 RS L
AN IR AR SE R 22 05 T AR S il it . LA
ZHYE RN Y 2 At AR, T BRI SR Ak
KV—BHAEFF RGN G 2203, 2, M
BB 225758, ATV BE D AR 36 DR el
2 — R M- | s WAL (T
T NF kG Bt B 3 Ak i) DNA, {5 4G BRF 5 BT 1)
DNA RNEE#E5E 4 H 384k, AT BT Dnmel B94E
H#E s L) A fE. Xk, BoF R4
DNA HIE LR KRR R dgle, (X %A T
MO SRR, /N PN2(EAZ IR IG 2 1)
WIHEYETTA DNA T 45 2 F 54k, %)) PN4 JHH
HAE S CERMAE] T, X R A b r 2
[FAE A AEAER B ARG, (B4R
TEPERTAZ 25 B 240 A A B IR T LA L LA i 2L
Y ) RIS AC TR G £ 5t 2 H e &
AEAERTAZ I L 3 B Ak A s =Xy e AR T
fext TR G S8 A LA, sE A B
T RS AL A i s AR R,

F 50 2 H AR R 2 W R R AR AT RS
Ryl R Fh LA PLH BT IR A .
AR R, INRSZRGON A 8 2 b
AL FE R H MBDA(H 84K CpG & 456 5k
14) ZERE; 2R S-IRT H A 2R 1 251
T, Mk HIALEF Dnmt3a. Dnmt3b GE¥F I s g
b 5 WS RS B B i m g 1), s SeER T Re i
F B IARAEA.

L T RRAN LT Z G, WELshY
PRI X207 T — RS b 2, I
rh A DSk B AR R AR TE R IG 8-16 AT,
INREAETERMR N A B . AR R, 7
NIRBGT-A A ) ph 21 FHARAR AR K2y 1.4%
1 CpG & %A T 3035 0 38 H A it 2.

2 AEBBHERBEHNEZERT

BRI R EEALEG 5 FheHE T, HD
B 4HEE 1 H2A . H2B, H3 . H4 4 EA
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H. A dniurs s reE 4 8 1 H1F0O, Wiy
P SRIEE A, U E RS, JEm S5
BE20 A A, A PT EE 0 2R O POk YL A
48 HIFOO mRNA RERHAS/INER GV 1 BB 24 fifd
RSN THERSNE B HIFOO mRNA i 55
T 7E MO EEAH AL, WTR K HIFOO FKikIf42
F ARSI GRS HE HIFOO 7 515 41 fifd A 24
AR HURNTE L YR B R R AR
SRl Z 2R s, s o miik . L
el . 12 RAb & ADP & pEsEAk, 5 e o (A
A A 2 8 1R A e ] e A/ IMAR FRPIR S, I
P E A0 AR S DO X ES 40N 22 RO [ 1) 43
AN 7T, S JLF e 6 P 3R N 3h 7
HFNZH 1B (U0 : H3K4me Fil H3K4Ac)AH
ORI 5 TR A L PR AL S 3+ 55 H3K36me3 5
# H3K9me3 FHCHEL M,
21 HAEAZBUERBEELE

HEH LWEALEE (histone acetyhransferases,
HATs) FfIZH 25 [ 25 2 AL (histone deacetylases,
HDACs) J&—XTEZE LR, B4 EAR
FuiaRIt, 435 YL iR & 1 LWL A 2
WAL, Rz R, HET, HATs 43
N 62, EEIRESE X0 A SR
FRERFEHAT CBARAE R, DT g 8 BTgidsy, 42
e SR SREIE PR REBR HATs AN [R] S0 AR 51 (1)
INERIEIG R B EAZ I, R MR AR RE
SRR R PIRZ IS IR 2 ek A5, BE
JiG, T R 24 PR T B R R R TE , 5
e f 28 IR T B . A LG 5, S 00 R B LG
H i c 2B LR N ) HDACs A 18 Fr,
— M AL 1A S WA AE S B R A S e
il o5&, E/NRIEIG & & )5 # HDAC1, HDAC2
1 HDAC3 ¥ A 8ok aRiks, TEAH A F B0 G
HDACI k858, i H HDACs Bt pl Ak
YNGR E BRELE, IS 56O IR
WU A A, S 2 AL 5 BT s, /)N RO B4
i s H3K9., H3K18, H4KS Fil H4K12 1) Z it 1k
#:[7] H3K4 1 H3K9 114 H A0 (555 bl 4 O B
AR I, Az 4K 5 4 0 A B 30 BB 20 B A& 1
B A i . T LR BB 20 B 50y 2 F v
JIT A 6 2 IR T Ak 7K T [ 2 A6 T A 3] 5 22
7K. HAK12 7E G0 BE40 A E A5 1 RIS
WG 25 O WAk, TSR BRI kR, 5 2
IR Ao 240 PR 25 kA, X FME IR AR 1L

BRI gurs, HALKERH
H4K12Ac 7K1 i 25 48 5 2 5 SO0 BE 4 L K /0
AESZBRISL FEARSMNE R B /I BRI B 4 A 22 3 5
1T A (CMID A0 2-ZH AR A I iR G o, 28R H3 |
I WAL GCNS (general control nucleotide
synthesis, GCN5)F1 HDAC1 352 TRy, HE2
TEMRSI S 5 B B 20 M IR iR b H3 19 2 kAL
FEFEEEA AL, 2L 2 S Wb Fh sh AR
FEAT 20 B SR AR, 32 2 20 B A RS AN 240 i
HMES TS

/NEREZAE I o HAKS . H4K12 LTtk it 7e
A0 M e e ay CL A I 2, i L7 AT E
AT 2, TR Ak FIE R 1k 1) JFC At 2H 28 11 8 A U5 4k G
T P AR R R R, BT X e
BHEE S Y T BB T, XFPZH 2R i
3 AR AT B 5 Y o 5T R S5 G 0 5T A A A OC
ML 7E ES giffurh, B e LWk,
HZAR, iERAFER A, LB bKEE
25, (HERRI Y B TC e G 5
i LA K REAR . H AL K T i A L
X B 1R K () £ IR AR B 0 5 e T G SR
TG, ARAKT-1 b AR A A 5 G o A SR o)
K.
22 AEAFENSRBREELT

Y EE 1 A AR St L SRR 2 S e I
TG ARy TR AR, A 5b
R AR R AR AR WAk o 2 R O
AIRFRIL I, I H I b . XUF Sk —
1. H3. H4 I HEARAR S i 06 1 %) ot 2 R 5% B 1)
AN [a) TJ800% B ) 5% 5, 4N H3K4, H3K36 K
H3K79 W Ak =2 5 e 0 B3 Ak X8l ¢, 1
H3K9. H3K27 Jz H4K29 I BLAk F= ) F e o
DUBRICERT™. H ARSI EHMT2 (Y ()54
IR N HILERERG 2) A/NRR M ES 40
J et 126 35 PR A G 68, J5T e 712 ol g 48,
MITER, 3K L6 3L R ) Ji3 3l DX R g 8, o 415 £
1E H3K9me3 465, 7E/NEUEHE 8.5 d(ES.5),
H3K9me2, H3K27me3 f& PGCs(J5 4 A FE A ) 3R
1R ZWREME I A 75 (202 BRI Z b, H3K4me2
H3K4me3 . H3KA cUi sl mRFIEREAEA T A Ha/
H2AR3me2 F53: il bR a5 ) #E PGCs 2 m /K P36
R, XA ER S A S A TR (), 520
A P AR 5 s PR - 3 W] 2 E R I T PGCs 1Y
JWRJIG A= 58 40 JE B2 FER R E11.5 2 E13.5,
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DNA HIEALENIE 95485, H3K9me3, H3K27me3,
H4 /H2AR3me2s ST X ik 228 R =0
5N Z ISR, HE 00 MR A% A B R
H3K9me3 &/, X 7] BE 5 P 47 A P e A g gt P
Skt o, E L, AE R
2 R ek 7 F H3R2. H3R8. H3R17.
H3R26 il H4R3 . Z1#[1 H3Rs H AL fb e gt 7
WASZAG RN L, P94 it P 20 e A M i T A, i
TEPEFRIMR)Z H3 K 2R 2K H Ak Ay .
23 HAEABREMBRELELE

ARG & 7 1l i v i 2 st % JE YRR
MG E MBS A O, M H S HEN
Z IR OC. FE/NER 8 AL 16 20 i iR Jif
t HIFOO & I IR e A B il 2k, FERER
KBEMIASE A G, WeURAn i HI Brfte ™. 417
1 macro H2A J&4H 25 11 H2A BYZS 1K, 1EMFL3)
YR ORI, R IRE s A h R L (A R 22k
WIS, FERM AL M (FE X Qe aihk
W) PEER. XHNRFRAZB, macro H2A TE
A W I % 5 4 A K 30T OB 40 A B 3 P o B
LG AT EE A B e e AR AH DG, 3 R BAE AR A
H, MERURZ AT, AR 1390 2
/NN AAR, T BERR 5 H3 A8 A H3.1/H3.
2 PiiRARIC, KBUESZRGON S Hir A e 8E 40 i A KS
FYe o oA B LAY H3.1/H3.2, XA gy (o R
A RETE Z 5 IR IG & & T A R 2 W3t A% A 1 1)
SRR 2. H3.3 EONEEA A R A e R T, It
TEA 5 DR 21 e SR TG G S M 2 A FE 2 D
. BUCHEN, H3.3 55RO LD e S i
A%, HH H3.3 Ak SRR EE R4 519 3 4
S (2-ZME A, -4y, SRR, H33
AT B 1 AR Y €0 5 110 85 A4 DA 18 T 3 PR ek 128,
1M fe A 55 50 R B, FH 2 it 3 4% 5% PCR (qRT-
PCR) B ARTE/NFR ES 4 AL A G AR AS
F) 12 gl 8 A SRR W Rl 2 B 1 EE AL, 1
HAR b ES 41l vh H2AZ Fih R ir. FEEIE
JRI & B H2AZ Al H3 A8 SR 455 R

3 DNA HENSRAELBIHERKRELE
ABHHXER

B IR 1) TE 7 B SR B ST T A B T A e
g5k, AUEERBmS SR 0T, dEAS
DNA 455 AL, il 4 (8 B3R5 18 A % sk
B XA LEA [F) BE A B3GR

JITAE G € J5T DX S8l A B (1) e SRR AR A [ 1 2R B
ANTE), 3R B SRE R %) F A& v AN 21 B (B A 7
LR, BE AT SR SR, T RETIE]
YEF. 2EF0/NEL 25 U0 DNA 384k 5 AR R TR
{H H3K9 M2 AHBLRY , A T EPERTAZ, M
HIAZER A P A B e o AR Y. i — 255
5530, ACURTE DNA FHIEAL/KSE 5 H3K9 (1 2
FRAL BEA KRR, H3KO FF 3 Ak 41 i i e
HAZ AL ZH DNA F 3520 H 34k, H3K9 AL
A UE T HEVERTAZ DNA E3h & H IR, (K
AN BRGS0 S 32 R /0N BRAZ RS B0 A A%
A 5 B 48 H3KOm3™. XA 2 1B A
A AR AZ TP B AAAE ™. FEAR RN
HIAZH, DNA 2025 L A0 A Sk /3 Ab i 2
FEPEREE H3K9 — H AL IR & 4.

4 B E

4 LY iR A T 2 A R A e A Y
HIL ]2 214 i 2 Wit A%~ F T Y B SN R
—. BRI IR A s B R T R IEG K&
BHLE | 7 ARG 7 R I D R A R R
JRJGR 30 e 1 v 7R A i R DA T ST R g A 1
WX BE RIS A 52 R , LA K 5 RO IR BIG & 42 Rk
PeZ FAHE DG R P24 TARGF BRI 6T 1. 4k
DNA FEAL R4 8 BB/ IR I & & Y
TERC &M ZMmAMBasT, FLEAHE: &
T OB R E | SR FE I 5 e S IR T A &
AEPE, LK DNA FEEAC R4 8 8 ik 5
LN FRIB R, (HSRAA V2 Bl R PR 7]
L, 41 DNA Y RE R RS il 5 5 Un o e 1k oA
THIFEI, DNA £ HUERER s A SEE , A
FHEAZ/ VARG, 8 B
PO, A ERTRUN S5 4E  Ti IX L8 [E14 igk he o Ks
BT FL S BRI A I R R s A R T AR
LT A 19 P TRl B (YR R Tk 3l 5 8L,
Oy 36 3k 21 T L 1 5 S R AR AR e Kk
6 15 i R ) LA 5N ) DRI B 5 1 52 1Y
PRV RLA, 00 Tl st e 1 A AR R A T
BT HA B ISR X

£ 2 3k (References) :

[1] CHENG X, BLUMENTHAL R M. Mammalian DNA methyl-
transferases: a structural perspective[]J]. Structure, 2008, 16
(3): 341-350.

[2] MILLER C A, SWEATT J D. Covalent modification of DNA



554

Ao B

ER

2010 4F

2

(3]

[4]

(5]

(6]

(71

(8]

[

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

regulates memory formation[J]. Neuron, 2007, 53(6): 857-
869.

RAHNAMA F, THOMPSON B, STEINER M, et al. Epi-
genetic regulation of E-cadherin controls endometrial recepti-
vity[J]. Endocrinology, 2009, 150(3): 1466-1472.
SAKAUE M, OHTA H, KUMAKI Y, et al. DNA Methyla-
tion is dispensable for the growth and survival of the extra-
embryonic lineages[J]. Current Biology, 2010, 20(16): 1452-
1457.

FARTHING C R, FICZ G, NG R K, et al. Global mapping
of DNA methylation in mouse promoters reveals epigenetic
reprogramming of pluripotency genes [J]. PLoS Genetics,
2008, 4(6): e1000116[Y1].

LEPIKHOV K, ZAKHARTCHENKO V, HAO R, et al. Evi-
dence for conserved DNA and histone H3 methylation
reprogramming in mouse, bovine and rabbit zygotes[J]. Epi-
genetics Chromatin, 2008, 1(1): 8.

ARANYI T, PALDI A. The constant DNA
methylation changes during preimplantation development [J].
FEBS Letters, 2006, 580(28-29): 6521-6526.

METIVIER R, GALLAIS R, TIFFOCHE C, et al. Cyclical
DNA methylation of a transcriptionally active promoter [J].
Nature, 2008, 452(7183): 45-50.

FURUYA M, TANAKA M, TERANISHI T, et al. Hlfoo is
indispensable for meiotic maturation of the mouse oocyte [J].
Journal of Reproduction and Development, 2007, 53 (4):
895-902.

SARMA K, REINBERG D. Histone variants meet their match
[J]. Nature Reviews Molecular Cell biology, 2005, 6 (2):
139-149.

LUNYAK V V, ROSENFELD M G. Epigenetic regulation of
stem cell fate[J]. Human Molecular Genetics, 2008, 17(R1):
R28-36.

SADOUL K, BOYAULT C, PABION M, et al. Regulation of
protein turnover by acetyltransferases and deacetylases [J].
Biochimie, 2008, 90(2): 306-312.

BU P, EVRARD Y A, LOZANO G, et al. Loss of Gen5

acetyltransferase activity leads to neural tube closure defects

variation :

and exencephaly in mouse embryos[J]. Molecular and Cellular
Biochemistry, 2007, 27(9): 3405-3416.

KAGEYAMA S, LIU H, KANEKO N, et al. Alterations in
epigenetic modifications during oocyte growth in mice[J]. Re-
production, 2007, 133(1): 85-94.

PARK J S, JEONG Y S, SHIN S T, et al. Dynamic DNA
methylation reprogramming: active demethylation and imme-
diate remethylation in the male pronucleus of bovine zygotes
[J]. Developmental Dynamics, 2007, 236(9): 2523-2533.
WANG N, LE F, ZHAN Q T, et al. Effects of in vitro
maturation on histone acetylation in metaphase II Oocytes and
early cleavage embryos[J]. Obstetrics and Gynecology Interna-
tional, 2010, 2010: 989278.

Van der HEIJDEN G W, DERIJCK A A, RAMOS L, et al.
Transmission of modified nucleosomes from the mouse male
germline to the zygote and subsequent remodeling of paternal
chromatin[J]. Developmental Biology, 2006, 298(2): 458-
469.

KLOSE R J, ZHANG Y. Regulation of histone methylation
by demethylimination and demethylation[J]. Nature Reviews
Molecular Cell Biology, 2007, 8(4): 307-318.
EPSZTEJN-LITMAN S, FELDMAN N, ABU-REMAILEH M,
et al. De novo DNA methylation promoted by G9a prevents

[20]

[21]

[22]

(23]

[24]

[25]

[27]

(28]

[29]

[30]

[31]

[32]

reprogramming of embryonically silenced genes[J]. Nature
Structural & Molecular Biology, 2008, 15(11): 1176-1183.
HAJKOVA P, ANCELIN K, WALDMANN T, et al. Chroma-
tin dynamics during epigenetic reprogramming in the mouse
germ line[J]. Nature, 2008, 452(7189): 877-881.

SEKI Y, YAMAJI M, YABUTA Y, et al. Cellular dynamics
associated with the genome-wide epigenetic reprogramming in
migrating primordial germ cells in mice[]].
2007, 134(14): 2627-2638.

ANCELIN K, LANGE U C, HAJKOVA P, et al. Blimpl
associates with Prmt5 and directs histone arginine methylation
in mouse germ cells[J]. Nature Cell Biology, 2006, 8(6):
623-630.

SUO L, MENG Q G, PEL'Y, et al. Changes in acetylation on
lysine 12 of histone H4 (acH4K12) of murine oocytes during

Development ,

maternal aging may affect fertilization and subsequent embryo
development[J]. Fertility and Sterility, 2010, 93(3): 945-
951.

JEONG Y S, YEO S, PARK ] S, et al. Gradual development
of a genome-wide H3-K9 trimethylation pattern in paternally
derived pig pronucleus[J]. Developmental Dynamics, 2007,
236(6): 1509-1516.

TORRES-PADILLA M E, PARFITT D E, KOUZARIDES T,
et al. Histone arginine methylation regulates pluripotency in
the early mouse embryo[J]. Nature, 2007, 445(7124): 214-
218.

McGRAW S, VIGNEAULT C, TREMBLAY K, et al. Chara-
cterization of linker histone HIFOO during bovine in witro
embryo development[J]. Molecular Reproduction and Develop-
ment, 2006, 73(6): 692-699.

Van der HEIJDEN G W, RAMOS L, BAART E B, et al.
Sperm-derived histones contribute to zygotic chromatin in
humans[J]. BMC Developmental Biologylogy, 2008, 8(1):
34.

TORRES-PADILLA M E, BANNISTER A J, HURD P J, et
al. Dynamic distribution of the replacement histone variant
H3. 3 in the mouse oocyte and preimplantation embryos[]].
The International Journal of Developmental Biology, 2006, 50
(5): 455-461.

KAFER G R, LEHNERT S A, PANTALEON M, et dl
Expression of genes coding for histone variants and histone-
associated proteins in pluripotent stem cells and mouse
preimplantation embryos[J]. Gene Expression Patterns, 2010,
10(6): 299-305.

HOU J, LIU L, ZHANG J, et al. Epigenetic modification of
histone 3 at lysine 9 in sheep zygotes and its relationship with
DNA methylation[J]. BMC Developmental Biology, 2008, 8
(1): 60.

SANTOS F, PETERS A H, OTTE A P, et al. Dynamic
chromatin modifications characterise the first cell cycle in
mouse embryos[J]. Developmental Biology, 2005, 280(1):
225-236.

KISHIGAMI S, van THUAN N, HIKICHI T, et al. Epige-
netic abnormalities of the mouse paternal zygotic genome
associated with microinsemination of round spermatids [J].
Developmental Biology, 2006, 289(1): 195-205.

SEGA M F, LEE K, MACHATY Z, et al. Pronuclear stage
porcine embryos do not possess a strict asymmetric distribu-
tion of lysine 9 dimethylation of histone H3 based solely on
parental origin[J]. Molecular reproduction and development,

2007, 74(1): 2-7.



