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(2) RIEERFSNHGRSE:

gene A
Maternal /\ /\\’ \h N

Paternal

maternal paternal imprint mutations In
deletion UPD defect UBE3A

Il 11

genetic epigenetic mixed genetic

i

Maternal "

Figure 3. Prader-Willi Syndrome and
Angelman Syndrome

paternal maternal Both syndromes can be caused by genetic. epi-
deletion UPD genetic, or mixed defects

o | ',\ Prader-WilliZZ & 1E 1 AngelmanZi 54k
Figure 2. Consequences of Uniparental Disomy (UPD) iz ﬁﬁ %LP ?.[E I/EI\’?J-.E %l" EJ' u EE J‘jlli 1:% ﬁ;% Blé . %\5{ me]‘jl'i

The DNA methylation states of upstream CpG islands are indicated
by pink circles when methylated and open circles when unmethy-

lated. The DNA methylation state affects the expression of its down- 1 7 —+ ﬁ' :I:I: — I E ( g l E A I I = 200 )
stream gene. Matemally inherited alleles are doubled (gene 8); HE PN = E IS, 7

whereas those that are on the paternal alleles are lost (gene A),

IR M&E (UPD) M4
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Mammakan Qocyle

F SRR 1L

FEREF4mAE (embryonic stem

1. Maternal inharitance 3. Epigenatic information Figure 1. The Mammalian Oocyte and

Zygote

l cell, ESC)

2. Genetic mformation
(g} The mammalian oocyte
maternal RNAs and maternal proteins
(maternal inheritance), which can deler

contams

mine early developmental events, genetic
Information (maternal chromosomes), and
epigenetic information (DNA methylation
and chromatin marks). (b) The zygote
gives rise 1o the blastocyst with its inner
cell mass cells, which give rise 1o ES cells

SSC)

b ES [IC-

&-C--d

pluripotent
apiblast cells

(in culture), all sormatic cells, and primor
dial germ cells (PGC), which can give rise

Somatic PGC
Somat to EG cells in culture

Zygote Blastocys!

Germ cells Embryo development

game:es /\ Zygote Maternal PN

3K27med
Patermal PN

l SMeC

R RIEY R 1S

Bt AR |

T smec § e
R R AR =
7, o
172 ZImHEY 2 ) |
Y TE
A —
- IcM KOme2
i ';;}:;WJ ‘_1/ SRR, 1 ::K;’/me’(

BRARTF4HBE (somatic stem cell,

[RIGETEZAAE (primordial germ
cell, PGC)

Figure 2. Epigenetic Reprogramming
Cycle in Mammalian Development

Immediately after fertilization in  the
zygote, the patermal pronucleus (PN) &
packaged with histones that  lack
H3K9me2 and H3K27me3, whereas the
matemal chromatin contains these marks,
The paternal PN also rapidly loses 5
methylcytosine (SMeC) on a genome-
wide scale, while the maternal does not
Passve Joss of SMeC occurs during preim
plantation development until the blasto-
cyst stage, when the inner cell mass (ICM)
cells begin to acquire high levels of SMeC,
H3IK9me2, and H3K27me3, The placenta,
which is largely derived from the trophec
toderm (TE) of the blastocyst, remains rel
atively hypomethylated. Primordial germ
cells (PGCs) undergo demethylation of
SMeC and H3K9me2 before and after
entry into the gonads. De novo DNA
methylation, including parent-specific
imprinting, takes place at later stages of
germ-cell development
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FHNE:

(DNAER & 1t (DNA methylation)

ZFtaREZE (chromatin remodeling)

X|2HENIE (genomic imprinting)
< BEAE (histon modification)

SYHEFE
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D ( histon code)
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RNAZz%E (RNA editing)
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Dnmt: DNA methyltransferase;
Dnmt3L: Dnmt 3 — like;

PBD: PCNA (proliferating cell
nuclear antigen) binding site;

NLS: nuclear localization signal;
RFDT: replication foci
targeting domain;

BAH: bromo-adjacent

LI
B S| | RO 1110100y domain:
[ o] JeeflsdH[ [1T ]

Ml CR: cycsteine-rich region;
- Dnmt3b
_ | Leofiminl 11 ) PWWP: proline-tryptohan-

 [ex[ K[IT | e tryptonphan-proline motif;

- ATRX: SRR
M 3, 3 DNA B B L B planthomeodomain, PHD
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3R E L (maintenance of methylation)

MLEEEAL (de nove methylation) I Gane

R E{L SDNAEFIIEEEL, HEBEMLHNEEDNAEFI G EE IR S
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X HEDNAR 42 1= B B i T4
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DNAZEZEERE L (DNA demethylation) ZSZEDNAEBRENWESERAT
, S"CHKBEMEIE R B RVIIEIE.

CH, O

» | TP | TOH
| |

HIERHI—RoA A=, BiEsS-FEMEVEDNATEE(LESRIER, 1%
DNAFRRYER B AL AEIE X FR, B TN EBMRE&E, ARBERAYVIEEZE
R BEINE e




S Aif» 4

wunan University

3 DNARRE LM EREFRIAHETBIERE
B EL B E E 2EDNAFSMC S REEEIE 2 E2%-7%, £970%~80% 5"CTEET
CpGEXZE R RIBEIEIE, R ARENMCIGIIR. HfFm:
OCpCEH—MIFREMKLN, E2MNTERNBHFX, PHUTE
ERE—NINEFX;
QERERBB N FEECpG, BEHFIERERT;

@B aIFXCpGxk AE5mCigimm PEFs: K HIEEFSDNAL &M S E
MHRERRE, ERERECEERHEXNSIE— NN ERENHE;

@ENTCpCREMNERE SEFRIMFIIEEHEX, HNENTREREE
BARRBREMSTE2IE], SETHRIBE FIERA A RS KI5, B

REAZMHNFREHX—LIEM, ERNIHAF

\




& Aif+ 4

an university

CpG BRETNF

ALY

(1) DNAREWSERFRIA
—f%: DNAREWSERITEIEX, ERECSERFEHEX;
EFREUS—NAERREEEFHEEX.
Blan: ARLMREXREAPH—FLXBADNASEREML (
hypermethylation) , BEMERATRERTS; — BT EEEFRRESH
B o & A N Ia 2 R KRR FEHIBEE L (hypomethylation)




S A7

versity

(2) DNAREALN S EEER

AIEREFAAREE RN IFEHIERAFEITE, TERINE:
ODNARE M TR AT E AR AL S

X EEDNA ST F HI Ky 2 1 % %
RKEAFEEREML, WAEKXKAF
IR EREAL PR RS T 45 E B H gL
S ] RiGEWHEZREFEE. 15525
FEFIRFEECoGHIGCE EFFI,
= CpG R E (LR H h— L% R E
FREASBELESDNA, BNEER AN




e E L EE

wuhan university

b

QHREMCrCESERZFEHRERHRIBERRE

fEMeCP2 (methyl-CpG-binding

> R PP protein 2) AT T, DNAREALHA
S )) )) NN )):}9)) )) ))\ BERE— N BT EIE R ELSE
USTHRBEMNELES. X—i
RHA, HRATEAFIDNAR E{LER
BEfuEEER. SINSAAERXRS
ft{tfEE (HDAC) FHZEHFHRER
FREERE (HKMT) #IAARE
I MeCP25 £ B R B AL 5 ERY.
MeCP235 53 & s #4072 B 4% R 4]
HIEEY, BEIEEREFSEEIX
BUFSIGE S, S5KBTHRELR

* Sin3A HAPNIBE

mics jﬁ ,}\7)\4%5)5&3 Al i zinmiie

BT R R oA B ARSI |

ey W
-

)} ‘—‘-

“ﬁ-



& Aik+4

wuhan university

(ODNAFREAL I+ F 3 & BB 2B HIHI B FGE 3%

DNAREH T EZZRIRER
L N S 11171 {1, 7 FEL L 5% 5 B 7 5 /5 5
T 1858 T ML S EHIRERA. B
PSP, AIMeCP2% 5 — /" m5CpGLE LA

zm S A— AT AEE, IR

e RELLR S DNAE’gm5CpG1i£#'_ﬁzé*/—\

PR %%,N,JKI]%UI?SmSAﬁ“HHDAC
@ % JAALAIDNATHE 2 55

,e;w; s ZIMER, FHIE4RIERDNAERE
R A E MRGRRTS, WRERLE
@ & SRNAR & BBt S DNAT 15 Z

DNAEE%M% ot R ,EL ESkiEn




@ Ak

nnnnnnnnnnnn ity

DNAFR E L EFEHI AR EAEHIRTS

DNAREMHEMZEEXTET -
B F R R ET S8 A R AR IR E F B AR E 14

5140 -

O BLEFRELERHREN, RERBPHSSER

EUEEREANE L FITHSERRIE ;

Q@ SEREUMNERLTERFRS: LEREXRE
R —FEXR B IR LR EFE B R E;

Q@ FREREREEML; ENEERNSHEML;

@ FNEEE YRR AR E S A E R T ;

® HELEFTLAREIAZ BT ILE . mEANIR;

fp— e L E

G RANHISF




> DNAFR AL — i 55 24 BT BR A 6B

> AIFREN—RRS EE AR HEREK;

>MAERENEES —NIAREENEFAEHERE.




& At 4

wuhan university

BEizEPR, BEAH D AXFRERE (canotical / symmetric
methylation) , B3&ECpGFICPNPG) , LIRIEXMFREEEAL (asymmetric
methylation) , B13ECpHpH. % ¥ 4Aa 5—REMFIEFZHINECPGH -
DNARE LRSI RELERLEN . DNAMKR ., HAEHEZIHEDNASERKIE
EERARNREE, MMmiEhERZRIA.

Transcription factors
RNA polymerase

Transcription k © Acetylation
] ) . )
w’ ; ‘«‘ 2 ; -2 ; * v £ ' o4 f o -

o©
Transcription @ Deacetylation

| " Transcription factors
I D) €52€%-
e &

Chromatin compaction

Methyl-CpG @D @ Histone deacetylase | Transcriptional silencing

binding proteins
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Normal cell

I R R 1 AR T
JJ.”MHL El .“_ E2 L E3 | | Fl | E2 | - < o

B |

» Tumour-suppressor gene with promoter CpG island » Locus with methylated 5"-regulatory region, « Repetitive sequences,
« ‘Open’ chromatin conformation e.g. germline-specific gene e.g. transposable element
Cancer cell l

Ao ¢ | | T Ju o I |
[TMEEET  del fo DUy, LT el gy
» CpG-island hypermethylation » DNA hypomethylation
+ 'Closed’ chromatin conformation » ‘Open’ or ‘relaxed’ chromatin conformation

. !

« Entry into cell cycle
« Avoidance of apoptosis
» Defects in DNA repair

» Angiogenesis

» Loss of cell adhesion

» Loss of imprinting and overgrowth
» Inappropiate cell-type expression
» Genome fragility

« Activation of endoparasitic sequences

| Unmethylated CpG ~ ? Methylated CpG
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HFHEREL (maintenance methylation)

@ ‘ R
DNA M ——— ApA
LMK
MR : 95~98% e

MLEREL
(de novo methylation)

DNMT3
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by a maintenance methylase

From 2-7% of the cytosines of animal cell DNA are methylated
Most of the methyl groups are found in CG "doublets ", the structure

5 pG 3’
3Gp_ 5

Methylation requires maintenance
Methylation
Me
/A A\VYAVAVAVAVYAVAVAN Mgcs CG
GE G /AN AN AV AV AVAYAVYAVY AN
e B cc., 0 Tee T
‘Rephcatlon » -

MdFully methylated sites
CG

Hemimethylated sites ‘ Replication

e Me :

¢ Cce_ @ée Unmethylated site
GC GC FANTANTAN / : \\/

‘
H g

. . Fa) F A\ X >7'Jéé.” O\ JS \'
+ 5 +
ce_ ¢

AV AV AVAVAVAVAVAVAN Hemimethylated sites
FPARS'TAN'TAN'TAN'FARN' VAN TAN' TAN'TASN CG

i E E .
Methylation | ovinualtext www ergitocon Hemimethylated site | |
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(2) #MEEL

HTF %/ NMESDNARESISHEEIER, KZHIZ/IME
L E T REEN. EREBLEAT, FLix/ VAR
EEEFEAENEEMNE £, SEZIZDNAFRFXA—FH%F

72 HORIRUR R AR/ ME, MIDNA RS/ — B
FiiME LR EIE, AR RAT R R E

fiZ (Nucleosome positioning) -
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Figure 1. ATP-Dependent Reamodeling Complexes
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3. BEREMERE (Chromatin remodeling)
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1:/7 7~E7 IL.\/:E. H,J Figure 23.2 If nucleosomes form at a promoter, transcription
= factors (and RNA polymerase) cannot bind. If transcription
';/’ i el b factors (and RNA polymerase) bind to the promoter to establish

a stable complex for initiation, histones are excluded.
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Nucleosome displacement is an active process
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chromatin remodeling.
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%@ i M *%7‘5& Il:l:ll 7T|T< . polymerase bind

- . Figure 23.3 The dynamic model for transcription of chromatin
S v w B g relies upon factors that can use energy provided by hydrolysis
of ATP to displace nucleosomes from specific DNA sequences.
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Mﬁ;ﬂsﬁely imprinted genes can be

controlled by a single center

Methylation of the ICR controls Igf2 and H19

ICR H19 Enhancer
A\ //

Paternal allele
A 7/)

ACTIVE Md |NACTIVE

Maternal allele

L/

INACTIVE ACTIVE

Figure 23.40 ICR is methylated
on the paternal allele, where Igf2 is
active and H179 is inactive. ICR is
unmethylated on the maternal
allele, where Igf2 is inactive and
H19 is active.

ICR :imprinting control regions

HFEER P Igf2MHIX A
FEZES, BAEMRAPENCE
Kl Igfeski®, FEREM/NERPENC
EEH195%E .

The behavior of a region
containing two genes, Igf2 and
H19, illustrates the ways in
which methylation can control
gene activity.

The ICR is methylated on the
paternal allele. H19 shows the
typical response of inactivation.
However, Igf2 is expressed. The
reverse situation is found on a
maternal allele, where the ICR is
not methylated. H19 now
becomes expressed, but Igf2 is
activated.
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which methylation Figure 23.41 The ICR is an insulator that prevents an

enhancer from activating Igf2. The insulator functions only
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~gene bv blocking an

Sulator.

Igf2 is inactive when protein binds the ICR
Paternal allele




@ Aik+ 4

wuhan university

S HEAFTNRFELIILATENEERA, RE—ITER
FUERPRIE, HEREMEREGFE, AXICREE (ER

£])

o

ENicH=H T

ENMEERERE—NFEANFNUERPREMAEESREMEFE

SZHENMCEEAERERZF LI, HPIHSMHEEERRIMRNAK ZE D —IE4RHD
RNA (ncRNA) . JEEMCERE AT gEEH P FAE. ENCHHI=ININIERRY, ElcRERS
BN—FEREFHRAENCIEF THERE . —X_EARRBFELUXE (BHRERIERYED
ILERED FRE (RKRFIEWENEERED =R, I6, ENEMRNAZE; I6-nc, ENiC
ncRNAZERE; NG, IEEMCEE; ICE, ENEIEHITE; fick, RIEMER; OFLLFFS,

L _ ;

<.
Sl i ki
- NI T ey ——

PP TR avaa—



& Aif+ 4

wunan uUniversity £ 3% 41 57 Ll A2 et 5% L

e F 4 4 '

/

iz Ji—t- E I] -IE =R | éf’}?; i ,;.ﬁi%f""
48 )
5)'TIL \i:gﬁézﬁﬂa j*nmu

Wm%ﬁﬁ/

/
(B ﬁ 1L
//

% }:l: 2 }jjzlﬂs:ﬂ y /=\ 1:2 1 t'\ ' /' - *‘P%immjw_w

)

¥ I wam
WALIEE  pampe  SOCICE

45 FH %1 ZONA )

6:“

AR

WRIT L ESIENE - " g kS aoEnia
: SMFAAE N

e
e B DR A A g o B = 143 4
gL KO T4

e =iy (:u_{- > <(“.H-(

\~. / N s \, / \ /

BR 5




S Aif» 4

wuhan university

(p)  FENiEsyResik

‘_:L» L el

- w 1G-NC NG

3

i) [ 0 S

IR TN < FON < N <= S <V
BERETAE EERIEEMUF “EMIL” R

ENiEFRIAZECFDMR ( gametic methylation imprint ) &%

(a) MENIBHARIFREL FOMRRIZIR. (b) MIEENIELE ﬁ%ﬂﬂ'ﬂ‘??
BC FOMREIZIRL . FEIFZENICEF K+ (anIgfar, KcnqliﬁﬂDIkl)

56 14 PR G-DMR R 2 Mo A JEEN 12 G-DMRAYZR B 47 ﬁléﬁﬁfbml’:'l
MRNARIENIEEE (I6) EHNFIMncRNAENIEERE (I6-NG) #HHIH,




& Xife _ — Lt
O AMLY....(2) BEAENTISE

= HIEN T2 #L I B0 A 4
N2 ST ER AR B -
D% T I SR
A, fEIgf2ENic & FEFEX
bR EBAENVHICREAR — Rk
Mzt (insulator) [H
IERAFAERBTZEME (o) Igf2REsnasTER, SRAEE EERELHICES
BEiEH, BEETREHEF acTcFEammes FmimsLROmEREET (B) HEE
F (enhancer blocking) Igf2fnInsz. #k, 1E&EFHETHHLAIHIO ncRNABEIF. #
miATERERIE. RiEF ik B ICERSEACTCE, WRBHMEST, i
M Igf2FIns2 mRNARE R7EI & ta ik E Rk, H19 neRNA
RATRERE 2k BUSMIICER RAER MR R, BRI

AiIE R B ALEDITITLEL | CEFIncRNA, 1858 F % 5 EmRNA




“

A0 4k | IRSic22a3 IS (c2252 IS c220 1 ) NIITRATT N TR
Ai r=ncRNAJIR TR 3/ 2K (&

(b) Igf2rERFiERIncRNAER!, ERAREBPRERS. HEEEMAKLE, DNARE
ENCEIZEEITER . Igf2r. Slc22a2. Slc22a3 mRNAEE REX LR &K EFRIA
o MaslfiSIc22alEBRERARIE. RiFERBAKRLE, Air ncRNABZIFATIEREWL
ICEHm BFRIER, HEIRINE T Igf2r, Slc22a2. Slc22a3. EEIEMFEE G
, DNABEALENIEH#BIENCRNATTEAMMRNAS BIZRIA. ICE, ENiZiEHTtt; kA
R, ENIEmRNAZEE; EHFE-NC, ENEncRNARE; ik, ENCEREFHIRIEZEME
E; O&ILFF=, ENZERINHIFAER; FR, RMEFEARLEAEPITERYLEL
B e EE; Jik, IRECKIERA




& Ak g

wuhan university

£, BELEEEEESAEEEE

1 HEREZIHEASENR YA TR AN I A E LR 2 & #

AEIRBERAEEBEFRIZIHIA:

Z Bt Cacetylation, Ac)

FHE 1 (methylation, M)

izt (phosphorylation, P)

7221t (ubiquitinoylation, Ub) 4

&1t (biotinylation,B1)

SUMO1t (small ubiquitin-like
modifier)

ADP-1#Z¥EE 1t (ADP-ribosylation)

¥, AERBRNEWIAER, B

Z e R EF 5 E R BRI TS

AT EERIAE LT

JoT




@ Ait» 4

wuhan university

/ H2B C-tem;r
H3K79 @
H2BK123\ [

Histone globular )

regions




Aik+d
2. KT FRMWIR

B : TAAZHEE

#E

e : B EE
HivFnris|b,

H

%S, (EDNAREL, BFI-

A] AT MEHT & £ ZER I
g EZ R =3

,zﬁfj

EIE

‘HE

Al

=2

4R

o>

AT

=k ExnidoLilkl

iZimeE T HE

{=1E4

?Fg K

X

B EimAY 2 IHRYE & 73 TR H &R E

T4EE

,Lu T
ER}
=




‘AR B ZMEFRIE (Histone code hypothesis) : T [EIfJ4HZ
Bi2isEs (ZEtiLES. IR CEttEs. B
ZERICER. BUZBRILEES) XT4HSE
E e Ewi2imryLEE
RIEKRAZYIHX. HE
EERETIERMS, MEHHWIE

ZHEE; 253 (histone, code)

HAMNIEFBERERAVRT, AmiE—

=

X

FIZRIA AT . X B FRRKEME
FaPmiEREEEEBE R

X

Al

HE(LER, fi FHE(LER,

=BT, FENERAR
Hi=BCER, NEIIZIFRESSEREHR
HN-RimHY & #ZiH 7 BN & B RY
= AXH2imE4EE B R imRY

2 IMDNARE HI |
B EN IR F AR 1= 1R T




@ Aik* 7

N Sk g T o FELHY
oy " i

14 91014 18 23
H3 N o Sir3/Sir4/Tupl STLER

ZEY 8 X s 55
= ZEL ? YA SRR ?
BRI SMG/ BLHB/ BB

gt SRER?
MBS 1Y/ TELE ? R

BHEL ?

S Az k= ? ?
ZERE ? 55

CEEE RCAF ? HERRA

B ? B 5HE

17 27
EEETR




ATHERPHIZITREERFIZE, I SFSIniE

EARBMBAAR, Fittapk 7IikiFrBAERER (

histone code) , BRE TR EREMWIRE, BATHERRKIE
. R, AEBEBY R TONAFIIEFESHEEREE,
EESEAXALFETERARER, MY TEEEREN ZH

IU

y

REMS SN, B TEVEARAYEHMAEFRGTE

X

i ERIERMIEEIRE (epigenetic mark) .




& Ak g

wunan university

EHE

ERi2IET — RS EMERBRERKR,

HEXSKFLEBREEKR

N-terminal tails H3 H4
S e

Me 3

. =

1

Me,

Active chromatin inactive chromatin
Jirtus itext ‘4.er";zti- "

Figure 23.9 Acetylation of H3 and H4 is associated with
active chromatin, while methylation is associated with inactive
chromatin.
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© 4 Aﬁnthi.cona histones can be acetylated. The major
targets for acetylation are lysines in the N-terminal tails

of histones H3 and H4.
Acetylation occurs in two different circumstances:
. durnlng DNA rnepllca-hon; Nucleosomes are formed from acetylated histones

- and when genes are activated.

Nucleosomal histones are acetylated

Acetyl groups are removed

pHDD

Figure 23.12 Acetylation associated with gene activation G \ A

Figure 23.11 Acetylation at replication occurs on hnsmncsm

occurs by directly modifying histones in nucleosomes. Bafrae thes ave hoamonied ielo nailon ssomes.
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Chromatinstates are interconverted by
modification

»

3 types of modification affect chromatin

Summar'izes Thr'ee TypeS Of Inactive state Active state
differences that are found
between active chromatin and etise D
inactive chromatin | ’ |
B istone
- Active chromatin is acetylated ’ atsiyies

on the tails of histones H3 and W pictone

H4. s ﬁ L  demethylase |

- Inactive chromatin is WA e
methylated on 9Lys of histone

H3. (DNA @
- Inactive chromatin is | ==
methylated on cytosines of CpG meifylase
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XTHPTM (histone post-translation modification) 3
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