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BRI RMEENELRR TRIA S X 29, BRI RIB AN T35H:
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TR EIF (epigenetic modification) : IIDNA (EED sHZ{F
g REnE I ER .

FTWIEELS (epigenetic variation) : HRMEEEIFSHHERERE
EREERENHE.

TUIRLIFE (epigenetic regulation/control) : BEMEEIMZEIEFE AR
E5EERERSHE, MA T KRDNAFFIEZ A EFRIE
=R

RWIREML (epigeneticeffect) : HIRMIEEBITERFEREIL
B ; SOZIERT BN MEDNARFS, MaBdEmERRESE
MR EZF NI SHEBS MR TR

“UAF B RAEMAFRMEEZR”  (chromatin-based epigenetic
variation) : EEFEEFNELSEEAHEERRIEFINR.
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RIEEMIR (epigenetic trait) : HARIIBELZRER~E
HIERE
RUNEEE (epigenome) : ZHAAZLMAETLBIRIIE R IK
S GREEEGBRIESEHIMEE RN SR ER
EREERIAER) . ARVWEFEAIBHNRWEEREE
‘A FRV L ERRICIRI, HIRE T WL ERE S #HEUE LK
BTSN ATIE]

ERFWEESE (transgenerational epigenetics) : &
18 A FE AR [E) I/ MR ISR R IR R IR VAR .
IRIZF=MIzEE (memigenetics) @ “ANEME" BIFRIIE
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AL EFENFLERFTEA: 3300MbiE EXTF, RBIEEARNFS
DBATREZY%, FEEFEINEIT7%, BEATLNIEESFEX, HEK 90%
B9 2 3EZmAERNA (non-coding RNA, ncRNA)

te, INARREEERLEEER:
— R EZEGEN FHIREEE—ERERIREHRBEEE, 2DNA
SRENERE B RBVER;
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ZHIREF——REREENEREM, HRUDNAFSIRTMS
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BRI IERERIER

it BIRfEFLERNIR G FZEH T LEIREERRMETIE. AT
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15.1.2 "R IFEEZHNHRATEENX

RWIREZETBZMRRMWIEEZLEZR (epigenetic variation) MK

“2 DNAF SRR T oA EE FHRZIH, XML XA AR
MARLZE, MAXATLUEER T X Eitk, XETRFIRARNWIESL
&4 (epigenetic modification) .

F"MI=EIEITEIE: DNA BEL (DNA methylation) | HE&EH
12i% C(histonmodification) . ZBKREZE (chromatin remodeling)
. E[ELHEME (genomicimprinting) X {AKiE (X chromsome
inactivation) . RNAHEXTEX (RNAinterference®) . BIFRZ (
paramutation) . AIEXMNPE (position effect variegation) . LHEH
#ZH (histoncode) . RNAZR%E (RNA editing) .
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15.2. 1 DNABREW 5 A 1&m
(1) DNAERE (k&5 IheE

EZEYIDNAERE (LTS DNABRE{L (DNA methylation) 2357EDNAT
E FEmBEEERNFER. DNAREKX R EZMnERE 2 S E IAIDNA
IKERRVIEEISR, HEDNAEHIF 4R G R MEFFZrEZE A0,

DNAH E4:728 (DNA methylation transferase, DNMT) i #RERE AL
(methylase) &1t :

7EDNAREWHBEIIER T, $— 1 FRERMEDNAS T AR A
B (O E, FAES-FREHNEIE (5nC)
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s FL B 47 DNA FH ;

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
homology domain;

CR: cycsteine-rich region;
PWWP: proline-tryptohan-
tryptonphan-proline motif;
ATRX: BiFx A
planthomeodomain, PHD
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(2) FRELHERS S5 M SLEREAL, s | B
-}Hm% HAEfE
$ R1’t&}_‘—7 jj DNAM i l \ Ml 11T AL
#$FEAL (maintenance of methylation) )
}A% azl 51{ ( de nove meThYIGT|On> P15 -4 DNA B ML IPRE (L A FF P AL (518 Alis % ,2007)

HrF R ELSONAEHIRFEER, SHREIMAIXHEDNAE SIS ARV
FFTHIDNASESH, RBEFREESREMNN, MHAERNFREEZIEFR L,
EmmHET A RHIDNARES FEBHE (hemimethylated) . TIDNMTLRTIX
B E L BEDNAB R =R B A4

ML EREAL T 23 DNAREWRSHEFME, ETMKHDNAESI, &
TEIEREMA S E X ERIRIESEDNMT3aFIDNMTIbEIEL T, SINE
Em M KES FEMLER . DNMT3aFIDNMT3bth i #R Mk & pi B B L B

(de nove methylaes) . Ef1A{EHXRBEMLIICPGHIS, FHIFFHEL,
4x i & B EAL
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(3) EEYIDNAEREMEESEREN

BEREAENEONARNRESIE L, FEREEFEAEDNAREREL.

DNAZEEhELFEM (DNA demethylation) Z157EDNAL R E(LEE(E
AT, S"CH#pamsiE X ERIEIE

T mC G A
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(4) DNAEREALITERERIZFETIER

W8 2L 345 F2A DNAH 5mC S fEn#lE 2 E2%-7%, £970%~80% 5MCHF
£ T CpC Bz EH HIFIELE, $5iR AFREMRICPGII = HYF s

OCpCH—MRERIEFEMN, FEMNTEENBHTFX, PHLTE
HE—NMNEFX;

QEZREEN BN TFEHESCPG, BRIFIEREIRT;

QB I FIXCpG& & 5mCligimm RIS s RiF1E E T+ S5 DNALZ & M S
HXEFRTR, EEERECEEREMNSIE— N RBRERENE;

@B TFCoGCREMNZE S RINFITZEE X, BB TFRENEE
BRARR R TESAIS], HEshFHiga HEEnmT kSR RINEE, B
REPXMHNZEH— SN, EFNSHIH,
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DNA METHYLATION

A

NH2  DNA methyl- Meathylated DNA
)‘j transferases )’jcm
OJ\ J\ \}j&%
@ Methylation
o CPG 3 Unmethylated s 1
3'—GDC—5' \M\/j
C transcnpllon

o _ e n,m1
YOO OV
[r——

Hypomethylation

”’ ,, ? ?9¢ ,“"“‘""‘ed CrQelie Hypermethylation
uf \J/ o J il i
|—x

http://www.cellscience.com/reviews7/Taylorl.jpg g
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Blan: ANEZERFEXRBEPH—FREBADNASEREL (

hypermethylation) , BEIM&ERELTRERTS; —BEETEMEGERRES
HE R EEMIG LR FFHRAK AR EL (hypomethylation)

X-inactivation Mammalian X-inactivation

cell in early embryo o E
Xp Xm 7 /‘ 4 {
5 Y (&
K AN ), A< 1 {

[ ) &

“ <7 < :gi

(AN : :

<] 1 )

N

|

CONDENSATION OF A RANDOMLY
SELECTED X CHROMOSOME

Xp Xm Xp Xm
| 1

| DIRECT INHERITANCE OF THE PATTERN OF CHROMOSOME CONDENSATION |

PN PN
970 & ®

| | |
I

)
)
)

| DIRECT INHERITANCE OF THE PATTERN OF CHROMOSOME CONDENSATION | - ch::t:i:iome < cli:":::ivs:ame
- /\)\ e i
@ @@ @ 10% X-genes escape the silencing; ub-H2A;
: ”u - a specific H2A virants; specific methyl-H3;

only X, active in this clone only Xp active in this clone

Hypoacetylation of H3 and H4; different methyl pattern of DNA
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Q@ HEMHCpEEERFEHEXERMIERERRIA
F£MeCP2 (methyl-CpG-binding
B e P P protein2) AT T, DNARE{LA]

B )) )) NN )):}9)) )) ))\ aegﬁ—mafﬂ%mataagwa@%
YESTRRBEREMHRES, X—iF
“F‘HH 5% SRR BAFIDNAR B 1L &R
Ml = LEAER. SINABERAL

S \L\ };\7)\ NNl Bt iLEE (HDAC) FnlAEAMERR
FEEREE (HKMT) #IAA2E
1T MeCP2H 2| FHEMN LS ERY,
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HEEY, BItEREAFSEmX
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T ML REAFS BT
I g igoa RS E R ERERIA. 2
et e ®- HMeCP2E B—1"m5CpGLEfaIh&E

C — -:§x’<’

i Fn— NI DhREE, =HEIR7
DNABIMSCpGIL mFA S EEE,
IR 55 5 AP [E FSin3AFIHDAC
%, BHAIRIDNAEFIE % Tﬁz%
Pr—— Bk, FHESEERDNARER

R A E AR TS, E&Eﬁé‘rﬁiw
@ & 5RNAR & BB DNAT IS
Sk

[
:,i-:.- LA A o




& Ait» 4

nnnnnnnnnnnn ity

DNAEEI Z 1{5:,':?%]]&/] =R E,J /E-ﬂ{,’ikn_.\

DNAEHE W EYFEXNFET -
%*%i%ﬁ SR AR AR IPE EBFRE

{540 ;

O BEEFREABRIARENK, 2EREAHIFTSEH
EEEREANE L BT RRIE ;

Q@ SEREAHERELTEBRS: THEREXRE
Ry —FZXRE R EREFEREHLRIE;

@ HEREFWKEBPEL; EMTEERMNSTEHENL;

@ = EERRIEMN B R E SRR E EITE ;
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HFHEREL (maintenance methylation)

- P
(———-
DNA M ——— ApA
: LMK
M 95~98% [ —

MLEREL
(de novo methylation)

DNMT3
DNA W&
DNAR R SEEE T
—REHZ “Ei” 5,
¥
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BT ESRT 2y S
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—(3).BNA methylation is perpetuated
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" pG3
3Gp 'S

Methylation requires maintenance

MdFully methylated sites M¢
cG Co

S AN\ ‘(f \NZZRY AN/ X
/ ,A{ AN TANTA VAN'IA

GC
‘ Replication

YE
Hemimethylated sites Replication

Methylation

Unmethylated site |
CG |

..........

V2OV 54 N Hemimethylated sites

N /ANZ X\ / XL
AVAVAY W B
vty

‘Methylation
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(1) AEHBZIMSHEBERL R

O HEREZIHLESIER 4A 2 EINAK IR R LS 2 S

A EIR B LA E R EER 2RI

Z i1t (acetylation, Ac)

FHE (methylation, M)

iR 1t (phosphorylation, P)

72Z& 1t (ubiquitinoylation, Ub) 4

%1t (biotinylation,B1)

SUMO1t (small ubiquitin-like
modifier)

ADP-#%#EE 1L (ADP-ribosylation)

¥, AEEBERNSEWINER, B

R E S ERB TS

- BTIETEERIER RS




C- TERM
H2BK123
HZA
C-TERM

H3K7 9

N 119 H2BK12) rf-_

Histone globular

® acK « acetyl lysine "
O meR = methyl arginine

2 meK = methyl lysine

B pS = phospho serine

B uK = ubiquayi lysine

K15 -5 B/AMEY E AN b2 B s S (15 B Krebs %5 ,2014)
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|
i
i
4
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RS HEEAES L& A EOBA (F15-1) |

TR R B ASE N A RRMEI . ARG SR
AEEMZEIL, PEK, BERUTZEUSHMESER

RI15-1 HPTM AR SERMNS ISR
1 Y 25 %Y SRR EN 7 I A
H3(K9 K14 KI8 K23):H4 (K5 K8 KI2 KI16):H2A(KS5.K9); H2B

ANi i - (K5 K12 KI5 K20)
5 oee Mmoo
Y em B W

SUMO fk i H3(7):H4( K5.K8 K12 KI6):H2A(K126) : H2B(K6 K7 K16 K17)
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g

- -
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v - S e -
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HERE EEHF;UEE (Histone code hypothesis)

: PEIRVEEBZREE (ZELEE. B CBEt{LEE. FAE{LES.

FRERELER, SZERILER. BUZERILERSS) XHAEZERFITIZ!N.

FHENERARE SHEHRIIZMINAEZEAREER, TEIZIHR
BESERNRERAEZETIER. HEAN-RinH)ZHRISIHA
HYWNEAMNEERME TERLR, MEMINERXZINE
HERARImGESMNIEFERBE RIS, AmE—LZ=0
DNARE S ERERIFRIZEE . XP e BBy K id R E FE LA B2
FRYEEUR . XPEMIBERVEEHEBRRIR.
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i S § i — e ¢ N
B S
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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
‘HEH RS s




AT HERP RIS IFEEE R, IR < MZIHE

EBAEMmMNAE, Eibtapk 7imsFaEERZR (
histone, code) , BRE T B REMWIRE, BATERRIE

=P =
. IR, AR

EBBER L

—

ITF

ZE R TONAFFIESERIRERER,
ErERABRER, By TEEERE ZH

REMS SN, MR T EMEAE L FHMARFZHTE

X

M RIZRMIEFFRE (epigenetic mark)
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XZHEEBZEEEES (histone acetyltransferase
, HAT) F1AEBH A CELES (histone deacetylase,
HDAC) iAW EHI TR — RIS EIASIE 4z

Inactive state

Histone

acetyltransferase

ﬁ
—

Histone

deacetylase




7 Sin3 T

Coactivators ‘
Actlvators l Basal apparatus Ume6 ) .
PCAF _ (DNA-binding)

RNA polymerase

Histone tails

@

FIGURE 28.22 Coactivators may have HAT activities that
acetylate the tails of nucleosomal histones.

(De)Acetylase

acts on histone
Effector subunits

. tails
Target-lng act on chromatin
subunit \ ¢
Site- specific

——
ﬁﬁﬁﬁ@ﬁm




BER CERILIZIF— RS B R RBETEX, MEEH
E RN SEERBRIBR . CECEEE B iz MR
454, EHAER/\RAESINAMEGEEE), BFTERER
o EALHIF e B LB HINImIE TR IEBE TR >, SEUAE
H/\RFESINAG SRR E MR, FRZIMFHINEE

EEHEE, ETERETF. RNAREIESHREXINE
BRSRETHFREFRIINGS.
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@ HE=E EI HELSERENEZE

—RIFAT, AEARENCHREAEERERLEE (histone methyl-
transferase, HMT) &, EREHXBAEEBERENE (histone
demethylase) 11k :

Inactive state Active state

Histone
demethylase p

Hnstone
methyltransferase

B2, AEEAHSRERPECHFERNEZABREFEL B histone
lysine(K)methyltransferase, HKMTI#E{L, EEBWESERFEXNHFF
& B B S B R E 42 7588 [ protein-arginine(R)methyltransferase,
~ PRMTIHEAL, EREVANEZIR T 0 E— ek EREEE,




FEHEREIRH, BEAEBITRAERZHE. BEMLA
RIEMALEARE, MASNMRENREECEESRARE, K (
PR ER) BJLAMEE (mel) « W (me2) zt= (me3) HHEAL
, R (FBEER) tWiFEEme1 Fme2 BBEN, XFARAHIEM T
HEHBRENEIHATHE RS M.

HEHBRENEZ GRS ERRERIGIHERX, X5%%

AUEHERx, XEURTHZIMHIERZREMCHME ., #iE
ImHIIEE, AN BEEZEAYMHR.

T ERRARE TS, —A%H3K4, H3K36, H3K79HJERE{k
5t 2¥5EE%, TH3K9, H3K27, HAK20B9ERE (¢ N 54t F
HNHIHE X<
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MAERERFRER R AN 2RSS, PRMTIEHARIH
i, MPRMT4/CARMU{ELH3R2, H3R17FIH3R26HYEH
i, XA PTHEUESERAERX. HRk, PRMTSATH
EALH3R8FIH4R3, 53 FHHIFX. AN, PRMTIFA
PRMTH#R AT LAERE{LHARS, {BRIZ R RBUVERF, FE
=IIHIREF. AEARENEXREMAKLE. EREENIEHR A
EEEZEH.

EEANRENRE— AR, AEATPRELHS
BRI AR E R ST R X EKER (lysine specific
demethylase 1, LSD1) &1, EREBHFREFRHIK4HIEH
E&HF|, S5 FRABER; SLDSISHMERZIF (
androgen receptor, AR) HEEREFFMEALENE, &

FBRHIKOMBERE, WIS 5EEERORE.
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Q@ HEHZFENK

(HIE AR RIZIRR OBt . FREFIRERIL B 2/ ML F R FEF
[ERY2iH, Mi;z3 (ubiquitin) FZZEHEXERSUMO (small ubiquitin-
mediated protein) N2 KHIZAK.

2 R RBT76 NS AR R EAERN—MEEARTHNERR

SUMORZ 97 R BBk BB — M N FRZENSER, B
HEIR RN ERIB RN =0 =,

FEHRZEM (ubiquitinoylation, Ub) 2 % g FES 5 K% ExEs
e/ Rz 7% .

FERRVAERZZERENRZE T RZELENG, S5ERARIEN
RERIFIEFDNAEFIZFTIE. tAEHH2AK119UbFIH2BK123UbHY &£

~—

=14 77 F HL K] IE: == B IR

el
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HAEFRHLHEl—f%A 9

DB ERZZIBIHNE T 326 Rt {FDNASR & MEUEEE = ;
QBEERZEZNEBIGAILV{ENSEE R F R FAE S BUE T IIHIREFE;
QEEHZZH i mBEE ZnH e XA NEMESImMm AT REREEZEE.

FERANH

@ i EREE H2AK119897Z Z 1L F0

EERE H2A ,

5L RAMHIFE R o
H2BK1233z Z= 1L N+
R, SHERHFERX
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AEBHEN (sumoylation, SUMO) #EFF E5:2&E18%HE[E,
m B EBHEEIN=4%51, EFrAENEE BNERFENF RIS
. Sumot 2—FMHEIMEAIHPTM, R ESumot A RHE B RbERE,
MmeRIEEARNEMLIEER, S5%REFEARAENL, ¥
FiEMMRREREMIETE. SumoltilF 5AERZHZHLUbREL,
SUMO&imlRi T & FAFTE MM ES, HES5EFERERE, BH
FE2IERRAIFIERYER, HIERIGIRIRER:
1) SUMOLERHAAER LR IELALS, MIX(LRELATREHK St
X AT BEHR SUMO1L. ;
2) SUMOkrIEERFE—ZHEHDACSTIHPL, IMHSERELE.
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® HEHEVRENL

Al

AEBEYEWL (biotinylation, bio) &iF2IEITE4)
ZMtEEs (biotinidase) FRUEEFSHES (holocar -
boxylase synthetase) 1k, FIHEYIREZE (biocyftin, e-
FIER-L-MERER) (EARKY. Efiz0AEBE AL

—

HMESEYE (biotin) MWEMRKEM, EEWFI
AE

=S 5MWmEE. EFRRAMDNATAIZEEFIIIE.
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(2) éﬂ*i—' &z B LU EDNABRE LRI E &

HEBANEZMZBMNEE Al L EER—HAERL, FRAIMN
{ER (cis-acting) , WH3SI10P{EfEM A H3K14Ac, EIRTHIFIH3K9me
, FHEFSFMIRE. HR, H3KIMedNHIH3S10P, H3K9ACH
H3K14Ac, RASHERTE. AEBHANAEE B B tHEE 20
, HAR3meR] LUMEB A HAKBACKIHAKI2Ac, NMMBERFELES; ™
H4R Eimi4 41 S R ES% & PR — MBI R EAL AT HIHIH4R3me.

HEBNEME M BNEER B A L EAREHERZIE, A
R3AER (frans-acting) , WH2BK123UbSE A H3K4me#n
H3K36me, MMMAUEERE LR ; H3K4. K183 K238 Z Bt nl i
H2AS1P, MmERSiEkRH2 ASIPRT EFE 4L FRIINFIER .

\L




ik 4

university

hibal|

HERZIHSONAREAL Z BB F A E(ER

EARRBERMBENERERNEUIREZ: OHEE

Al
ITF

XZBL; @2BERBHIKIERE{L; GDNAREMZNEEREAL .

HEH B LIRSIEHIDNAR Y, BIEEBR B

{eHDNARREAL, AEHSCECATAIFIDNAFRE L, AT, 43
=

C AL SONARR B AL AR IRAL IR B 198, AT B2t
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(3) HEABHSHEBEATIAK

s iz EE R H3. HA. H2A, H2B) REFZ44 4% /MRS
HMEE, EMNSEEIGTEATREREND,. EERIZFDNAGGIEE
F—RIEREHHIEFEEEEER.

AT ENEERITANBRE GHIENSHREKRSH THERTA
B4 . OMERZOCAEBURAEANETERIMEIFEES5RERK
REE (E15-6)

FEEZEYRSTEER, AEBAHKERT, HIBZMHFIITIE,
H2AS IMRF, BRthsmZ, —ETEREABSEA ML EEIERSE
FENZUVAERAEXR BB EM TEREANIFEXEMAEEEN S

V) ==

Al

WIU
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H3

H3.3

CenH3

H2A

H2AX

H2AZ

macroH2A

H2ABBD

H2B

spH2B
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HFD

O
- -
HFD
[ ——— —
HFD
HFD
HFD

HFD

HFD

HFD

HFD

Ill

FD

HFD

R EN

e B

s R

BRHEDN

DNA¥ES 5 W4l, BE}
g FERNAED

HRFGE, Rk
X$ORKE, s
e RBGR

MR

g €0 {0 %

M EA

P15 -6 50418 G S K 8 Krebs 55.,2014)
WRECHEA(H3 H4 H2A H2B) VLK SHEH H3 H2A #1 H2B TE{KAY 5 H

HFD . histone-fold domain , i 8 F 7 B4 W
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— B BTARAN— MM SRR B RIVAZITZ X, A
— NS ERXENARIEGET, HAED RERMEEEDREEE
Al iABRZAAE “i212”

2R E BT AR S{ERVIHEIZBAE:

HE HH3TAH3.3 LI—#ae RABEAVIBI E#H3, ERAETIERX
EAKX, FHtt5ERFERBEFHERX, E— 1T EBBENRUERFEREX
BN SHEE ;

CenpAZABENE 22 P HIRR /MK, F2R T shfiuzl 3= RV EA ;

‘HEBRH2AZT{REH2A.Z, H2A XFImacroH2A

H2A ZEMH2AR SE e REHARN, BMmSEREZERHERX

H2 A X#ER 1L 2 DNA W T ZUE 8 P — 1 FEAS

MicroH2AZ FEREBRF, AMEIMIH XL BRI EHE KR
— B B R FF R M TR




15.2.3 REFRELESZ/MFZKEC

FtaREY (chromatin remodeling) ERIIFEIEH
F—MERNAN, SEEZENAEEMAS LA REFZ
IMAIETRYIEIE, EREERREREENTIL, WM
I E| B E RAXTE T, FEARERE.

XS, FEREFLZIEAMHEXEFERT, FEK
SIS IEE S EMEELEREN. X ERTIEH
ATPIR{tEES, WISk TATPRILABRRELE SHIKZH

NARZGE ST, EREZUEEHRDNAREE
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QXN E

B YIDNAS %/ MR 5
it, MMREEER/\BK, BE
RE TH2A-H2B_E{&F1H3-H4
B2k, DNASHIEHMESIE]
RS, HEME—SREE—
ANH3-HAME i, —B MEks
&5, BAH2AH2B - BfkiEE
REREHSRMIMEAEARAEER  HATRRENRIME




@ /MR ERL

BT/ MESDONARBISHEIER, KRS /MEK
U ERNEER. BERAEBERBAT, RKE&RNMFHKIR
EAEEFRANVEEME L, BERDNAFFINA—FN;

EHBA R AZ/ME, TIDNA LB NMISE—EL
T MEERFFENE, BATMRXMAERLE mzMEE
iL (Nucleosome positioning)




1% /MR E (AL FHDNAZS & &8 B 45 R HUDNAF 51| FRr 6 =
. AT, REINAANE%/NMFEINGEERNZET

AT HT T DNALS & R H RV AR/ IMAE (LR E -

a. IR DNALE S E H SDNAG S AL = R FE 55 /)N FDNA
R — Mz MEBRERR/DMCE (2150bp) , NXEA
NEHRZEDNAT S MEE S ;

b. —LEDNAZGEEEHEBSZ/NMIEEMREST. XEEH
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F5 R HIDNAIF FI Ffr 45 S B0 /)M ZE L

BN B — M RS R EMDNARS, X LRI
BNMAEEENFEA. BT DNAK S/ MEE AT Rl
ZILH, R BRESHIAERIDNARFIRT BUE ik M.
AT B X BEDNATURIE N AR ZES, GC RS
BHEEMES. Hit, E2ATHDNAGFITARBEBIME, Hih
SAERHAE R/ \ B k.




MR EAMNE R RISPEZEBEEZNF
oo fz/MERIE L 2 2R FEE & E AN
REEFINTEHEE T . MFRENML . SUENMRY
ERE. WEER, AJREER AR RIFER
= ZREE. RENSKWERIERA, %A
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BEREMAUTAZERE

BANREZIMERI R R BT

Za gt e (scaffold), {45 R

A

& R ERY
J: OFEHE—1TX
FZ [B|H{E B f5iE

EAV; QRBREWHAE—E, BIHRKL

X 380 AN oAz M, INTIARIE T 3% 3R X
PRI 2 B FUiRIR .
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(2) REFRELEE SYSERETIZFE

BT, ARETLRI—TFIRASWI/SNFRIZE L
WELEEY, XEAMEERERERESHN—1E
7. SWI/SNFESHTHFESZINTPESER, &8
ATPIXZNHIDNAYRLEME, AN HERSDNANEE
ER, WESWI/SNFE SIS SREFRANMIERE, L
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1) ;'jé@ J\E
ATPIRFIHIRBREZEE &Y
( ATP-dependent chromatin remodelingcomplex) AJ 4> =2

DSWI/SNFE &4: 2E21 (yest) SWI/SNF (mating type switching
defectine / sucrose non-fermenting) BUEIREEEZR k. SWI-SNFE &KL
BE Al BE R @I M T/ NMAE S HIDNAS F, MM H—FEBIDNAS F
INREIR TS

QISWIE &H: EREEISWI (imitationswitch) RIELREEERRE. H
INRE—IMEDNAS EBRKR < BNHEEIER, 251 BaRELNMERERS
SH1d%E, ATRAREHEREFRIZIMMRES5EIDNA,

@Mi-2/CHDE &4: BT ALBIKAN 457148 S/EMI-2/CHD (
chromo-helicase and ATPase-DNA-binding) EliRESERZFKik. HINREAIEES
T M ZEDNAR Bz ME, S5MRiBERGER.
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Figure 1. ATP-Dependent Ramodeling Complexes -
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2) ATPIKRE IRV REZEHLF

a M NMATERE s ol e
DNAB1T, ARFAEHX DI~ D @D
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bﬁﬂmlﬂ SERAREUL T et AT

ST, BRESH \m\
/J\17l<; | F A
cimrie=s— G L
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c. nucleosome eviction d. altered nucleosome structure

12‘{ %ﬁ?;ﬁé{&% E , yﬂ éﬂ% Figure 6. Mechanisms for ATP-dependent Remodeling
H+{aEkDNAL & &+, di/MEREZEH—1EF. SWI/SNFXRIEHIE
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3) RBRELEESYIHITNEE

Rt REEIEE R EEE AN
ATPRETEE AL, FIFIKIRATPIR AL B TS
e FRMERG., TR XEREAY
ATPRGTE SIS0 HEER ARSI
MNES, MSHEMELEAMIEMLR " -
(a) 1#Z/MAEDNAGY FiBTNZR B LHONALE &
{ERMEIRZER EEMEENMS; (b)) ZAMERIFEEIRT LA
DSWISNFEAMMELELGIFATY B p s ot AR e A M ST
R A B ADNA B RS, B DALHNE.
MEEZ Gliding) | BbaEannaE RS
EDNAS T, MR )

AR AR
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QISWIE &R EZE/EF EDNABEsIHLHI, BELXEFEFEEMEEER
FDNARFEFAEZH/\BANTEMY . 128 SR BEB%/MiEE

, AITEEM BT EES 45 E BPRafZ /MEALE 1 .
@Mi-2/CHDE &4t #r ANURD (nucleosomeremodeling histone
deacetylase complex) . ZE &HHFNuURDRIBEREZELEEE (histone
deacetylase, HDAC) &M%/ MERYI L#ATPIE R, HILZREAMI-25]
2 B 2B {EFHDACLFIHDAC2# IR AT B Ein . 128 &YIHIERNLFIZ
ATPIR i BV & FREZBAA E M Ih L EMERSER . R FR
FEFAEER CEUSInRBRELEFAAEERTRIE, MEASEHLIZIHEN
HHIEEZRIE
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(3) FeRELRE (Chromatin remodeling)

S REPERTE
I B e B
B A% OIS 3 T A B L
B
D) SSERE MR
PELAS E AR ETFFIRNAZE
AWM5EHTES
2) BUERAS BABRRE
EEBTHT, AEO/\B
TSRS
7E L LB R AR 5
_ mREEm.

S
=
in
%

Chromatin structure is stable

RNA polymerase and factors
cannot get access to DNA

* RIBERTS

Histone octamers cannot
get access to DNA

Figure 23.2 If nucleosomes form at a promoter, transcription
factors (and RNA polymerase) cannot bind. If transcription
factors (and RNA polymerase) bind to the promoter to establish
a stable complex for initiation, histones are excluded.




© A+ 4

wuhan university

REBERGWTLRY
—RRILAEFR ST :

chromatin remodeling.

\

15

1213 2 FHFE BE = URRIA
EHR—ERAR

FMERR—DNA
BiERE, FHEHEEMN
68 R AP FE R ok

Nucleosome displacement is an active process

Remodeling complex
Octamer is displaced

DI}

l ATP =3 ADP + P

DO/ 0

Factors and RNA
polymerase bind
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Remodeling changes nucleosome organization
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‘AEHTEDNA L/E
&, BME&ESERR
HI X &
‘AEHIEIEFRAE

Sequence Spacing Gap of
Qﬂ{, changes becomes free DNA

position even

Tk, £ B |
Figure 23.4 Remodeling complexes can cause nucleosomes to

éﬂf_ﬂ E E,J DNA [X slide along DNA, can displace nucleosomes from DNA, or can

— reorganize the spacing between nucleosomes.
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(a) SWI/SNFERBRELBLEHHENELELEE T SFHIZ
INKEZER] [N [T, BRAIAUERR, WA@EdE
BIIMER R B RN —TEEHRETA— PN REHER,
HIHIEE R EFRIZE & MRIEEE R ;

(b) HE M FREFKREBHPL (heterochromatin protein 1,
HP1) RISZE&ESWI/SNF& 5 F & B sl 3K .
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15.3.1 EFBENIES5EMEEE
(1) EHFZRENMERIHEL S 5UEE
kB XA M HNFMUEREBIRE AN REA FRNLETE
Eim, XMERFEREERMNRERFESSEFMERN—#, XFHIR
WAREEEENIZ (geneimprinting) HEREZHENIZ (genomice imprinting
) WFRFEAENIE (parental imprinting)ski& 1% EN i (genetic imprinting).

ARBRXANFUEEIRIE, RAZEREBEBAFUERFTE, AKX
ZEMi2 (paternal imprinting) ; &XRBBARMNFLERNFTIE, MR
FMNEREFIE, WIRAFZREDNE (maternal imprinting) . EBENICHEK

B E FFRAENIZEE (imprinting gene) . EMEEER 5 BASKIRER
, MEMRITTR, HEMEFNLEMEESSZEE L ENTE AT
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wunen unwersity (2 E[130EEE

EREENEZwEE, TELWMTREMIELZIFE FED S, EREH,
ZAMUSaPEEIRE. 24, BRI (FZEAELMNER) fBE
ZMILETENEERE, B TEANERA. ENEEREBUNTFA:

® ENEEREET M, FRENIEERE, ERFKEZ7A100~3 000kb
%, &3-101ENicER, HHEREFK—IENCERENM. HENIEERE
HELFANRENEER, thFEAERHEENIEER

QENEEREP AZH NS REBERMRNANENCERE, BHEFZELH
— N EZRIZRNA (non-coding RNA, ncRNA) BIENIEEE, BIHR%RERNA,
m A &#1EE B REVENIEE R ;

Q@ EM2ERMA & FR /s EFEBR D
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@ ENIEEREHIDNAEFIZAREZ M, WNERIgr2r. IgfZFH19ncRNARIFR
NEREFUERNEFIZENEZH, EXEFUEAREHHST;
GENIEERENFTIAEGI T A 1E, F—FEEFE EARNENEERE < ERIE
Ela SENE EERL PRI E EBE A RILH ENIE121h, FEmiX LA ARHISF{L
ERMNFE, MENEERREE KL B FEMIRTFNEREF R
A& EER ;

© ENiEEERIEZEE—ENRTMY, MR EH0/NEFA SRS FNRESN
A ENE EFRIEI+91RF. ENCEERNEEANDUERAREGREEE
AR ELEN I EFE TR F RIS FEER R WA Y, HB RIS T B M A FERY
2%, #ETEENREMS ZHEMN.
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(1) DNAE

AR S E

X

=[FZHENIC /Y 77 F 5 4HRa AL &l

ZHE

IiC{ERRA

ERFEENICER TONAR R EM, REFMERFMGREFMAERER

BAEBIHELE.

BCF AR AEFEFONAE YR EL . 2B ER~E

ORI, MBERILFZRUFEM, EFEENRIERNLZE TE,
Bl NEREI=ANENIEEE:
ORRBZEKET2EE (insulin-like growth factor 2, Igf2)
7TSHeEfrL, RERIANENIZER;
QEBRHREKEFEZHER (insulin-like growth factor
receptor-2, Igf2r) , RIgfay “FEBX" Z&. LT/NRI7TSHRERF
t, BREHREFRIEAENICER;
@NcRNA-HIGRE, iF72%akSIgf 25 EMEEIOKD, ik
IMbRYENIE B [ #RHY 3'im A —ERICR, = BHRFRIZEE .
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ENIZEFEFICR (ICR :imprinting control regions) s

Methylation of the ICR controls Igf2 and H19

ICR H19 Enhancer
W\ s

Paternal allele

//

ACTIVE Md |NACTIVE

Maternal allele

//

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

75 /INRFR T 2R HIGR A
R E S, (BEMERETR
B Igf255E, FEHEtE /R AREDST
HEH19%3E,

The behavior of aregion
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
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The control of Igf2is exercised

by an insulator function of Igf2 is inactive when protein binds the ICR
the ICR. Figure 23.41 Paternal allele

Enhancer activates gf2

shows that when the ICR is e

unmethylated, it binds the | //

. . A ! '_1:’
protein CTCF. This creates an ALTIVE &
insulator function that blocks WA

CTCF binds to unmethylated ICR
an enhancer from activating Igt2 7
.. - A

the Igf2 promoter. This is an NACTIVE ~_
unusual effect in which fext www €Tgit Enhancer is blocked

methylation indirectly activates

Figure 23.41 The ICR is an insulator that prevents an
E enhancer from activating Igf2. The insulator functions only
a gene by blocking an when it binds CTCF to unmethylated DNA.

insulator.
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Mz (insulator) B
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B, BMisETPEETE ECTCFERFE BT MG R NIEEEETF (BE) HEUE
IgfZfIns2. ik, 18T 3E T MHERIHI9O ncRNAB B F. &
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m AT EEzZ, 4 IgF 2K Ins? mRNA R B R 7 i 32 65 £ £ 355, H19 neRNA
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