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FHE  rDNA 25040 MAZ MR A= & O B R SRR, s 5 AR B A B IR, SRR R BAE . BT
DNA 75 BA 24 N E SR, HERBR T2 —RESHHIR RIS, %2 ERIFEILE RN, SHIREE
tDNA FJEFOIRTES. —RIAA tDNA 73 RS BRFITER B FCIRES . 2000 S5V IR G (s bRic Al e Je (L bR c A 06 . e desk, K
P — PP rDNA AZTE, B4 7 rDNA RMHLHIFT T, H3.3 & —Ff H3 A8k, ZiELeRymais, &
HRIE H3.3 A AETEr T 1-18 HIRA (5 T &3E IR rtDNA, AR UIER 1DNA FI4iF £ G5 H33 ME MR FEE

Z KR ZE. CTCF j& rDNA & ¥ Tl 427 iy, 5 H3.3 MSeEHATE #2515 1DNA FIEESt. %4588 17 JL
AT (DNA RICIRAS L], FEXTT 682 51Z R R LHER B T 548

X#EiE 1DNA, KWL, H3.3, 4 FFf1H, CTCF
FROES R34

rDNA(rRNAJE [F) 2 # il 40 MOAZ bl AR 2L 0 6 Bl
() ER IR SR IRL, DT 4 i 3 4 i A ) 2 1 ot
P, P2 W AR rDNA BT 2 6L -5 95 % UIAH
9%, U tDNA K)id Rk F80d 2 1 & B A K
MR 2E M e AR, AN Nl 7E R i g F
T2 1 tDNA & A 5 BB 41 33 (zygotic genome
activation, ZGA) W 1 5 ¥ U ¥ 5 Rk () — #t K&
. K 40 M B #% #H (somatic cell nuclear transfer,
SCNT)IE 5 52 o R AT 5 4 R 20 AR A 1)
Sof /N bR FE 4 FE i B2 AR rDNA IR S B R R
tDNA ¥ He Bk 56 4 0 1l fe 72 3 g A SRR T 1) —
MEEERH, HZBHEAES DNA B3 XHH
EAEEE XD MAER S 2 E 6T 405
(induced pluripotential stem cell, iPSC) = % 2 it 72
I E YL 77 ORI rDNA #5318 W] LA
B E R PSC M RZED. 1DNA FA|LL—F £
UL, i T A, E 8 IETRARAS A
DUBOIRAS . FE BRI BRI A 18] 1) LU A5 52 240 P 2 WAL
A, e kA ES, JUTFrA rDNA
AR G ERIN, DL R KSR AR B 5 A R
TR, T 2R RS 70 O A 40 i b (Cn B 41 4 2 i)
2 FIRAS (1 (DNA %1 121,

DOI: 10.16476/j.pibb.2017.0423

TN A% A B DNAL 418 184 A1 e 2
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FIEH—FEENLH]. HEABH LIRS 5 ME
MR O AL B 148 T S PR RH R JE 121, LG & Tk
by HIHAL. BRIk, 2RI, ADP AL EE,
KIBAEAHER 2 AEAE L I N 3 A C 3 15 58
FrE. BRI S — S e ta o m 20 1t A A
SEIEVEAR G, 17 36 U R 1) R A AN S AR 7 £
WE ARG, — KM S, H3K4me3(H3 41
RAE 4 0B 1R R A = M) 55 RS A
A3, 1 H3K9me3 A1 H3K27me3 5 7 4 4 54k
SR PUBR L RIA G, X SR2H 55 (1181 5 rDNA J¢
F R IE IR B IAH 8.

1 rDNA BY$FEREERiHTE

0 A A T B RR SR A B IRNA SR AERZRE K
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HI| (rDNA) BUE 7 A T 40 Az I A B, A2
W WEAR 77 A 1) B B i (T R A I 4 2 L 2R
WM. DNA H 5 75 ¥ &Ry Fm R, A
FERA A 400~600 # DL EASE K] tDNA 751,
BFESATT 130 14, 15, 21, 22 Sy th ik B =
G R IX, 0 RVEL S 300~400 $ U1 E K 51 R
BOAT T 120 150 164 17, 18, 19 Sk, K
FI4L7 IDNA FPFIFICRZ) 45kb £, Hf 13~14kb
KB 4ihs X BH RNA K458 T (RNA polymerase I ,
RP [ /Pol I )¥:3% 4 ik pre-rRNA, 85 H MK E~
B DL 2 AE e AR BT 7R 0, g X 2 (A2 30 kb
KA FE K] 18] b [X (intergenic spacer, IGS), MNYIEgm

DX, 2% DX AN e 81435 JE R P b AN [ i 22 57
IR, XA EA S Mo fE (B 1), Hfk
oy e A S R ] R R A AN G R T, i R
ChIP-seq e 38 5 404 19 AL P05 J2 70 B A TR ER. 3
BRAS rDNA [ 7 b5 40 AR A 7 SR BB R
Z AR MWAFE T TR (DNA ¥ 3%™&, ik
KB R A IR 0 B AR R S AN R B
BOR A A TR IR tDNA B8 808, i HiAth
— SR ZR G I S0 rDNA IR IRAS, RIS
K rDNA [ LR 42 (RNA 46 BUd 2, i 5
2 L PR A AR R SR AR B A

1
sPcp
E];]- S'ETS ITSI ITS2 JETS
L”ml B | .
Te T, 188 5388 T s
-2000  +1 4000 8000 12000 16 000 20 000 (bp)

Fig. 1 The structure of rDNA in mammalian cell
1 FHEIMREF rDNA B4
HE A RNA FER BRI AT T B A AZIX (NOR), £~ rDNA. 7 51 .70 1 e s [X RN B RV [X (IGS)H . et X (4B 45S pre-rRNA) £
B 5" 71 S 8] [ [X (external transcribed space, 5'ETS). 3'ETS. PN #% 3¢ [A]B% X (internal transcribed spacer, 1TS1/2)% 18S. 5.8S. 28S. IGS
X 6, % 4 [4] B 5 3)) T (spacer promoter, SP). 344k (En). #-.0H3)T(CP). K#HEFLIET Te. Tow Toow MK=E SINE. LTR %% 1

HRIY

rDNA B 26 47 5 ) RNA BEHE [ #34 m
Y] F= W) 458 pre-tRNA, B J5 #% V1 2] 7= 28 5 34
28S. 18S. 5.8SRNA, X J5&it— RIIEFE11E
ifi, 5 58 rRNA(5S rDNA /& 5 6 8 & il o0 A
H RNA G0 & %) RAZ WA 8 A 38 5 H i is
FYH A% AN, Pol T &AL 3 Fhfg K 7 5%
3 DNA B3 F EIFHERRGEHTEEY
PIC): Lk Wif 45 & N F
(upstream binding factor, UBF). %03 8l T &5 &
[A T (selectivity factor 1, SL1/TIF- [ B)LL 2 RNA %
G T RF 5 15 SR 6 T RRN3/TIF- [ A, #
3 % 1k [Al 7 1 (transcription termination factor 1,
TTF-1)7& DNA ff R4 G HEH, 4557 rDNA ¥
FOLH R E, BERHIE A FE A Pol T, At

(preinitiation complex,

TSR A LN R AT, 53 AMER IR
HHEEMM. PO FIFERH iDNA 454 % Pol 1
FAFKFE KT UBF. SLUTIF- [ B. TTF-1, Pol |
LA B R B R YE RS AR PR X35, AT DA = EE i
I BK 'DNA 41 Bl 1 3 BR % 42 4H 21 X (nucleolus
organizer regions, NOR) W AR i FRAL & (0, AR
Ag-NOR ',

2 rDNA FTIREBYIEIZEN &

rDNA 212 2 {JRF Sl 2 A KR E R A3
FE UL, JirDA rDNA [RIERR T 32 % LB A Sl 1AL
HEATAE, B2 5 — BRI, B
BRANGCER rDNA 2 [ A5 DA A2 40 B 2B AR 75
K. IR B AL SURR A PR A P9 DD A S8
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E@(Hpa[[/Smal [). BRI AN EERA
ISEIG S M FLsh I 4HiE, R IWL tDNA JFHIH K
2P RIGEHRE, 7P RUTBIRES. ikl
M Epi-combing J7 VA 7E #11> DNA # _E#T 78 H 24
BRI, AN A IE AL 2 MR an i, — Ly
X NOR 1 K ¥% Bk rDNA JF 4] 1] 1 8l A %5 3T 2R
rDNA 5502, 3%k rDNA 741 F4FE & CpG 28
AL B 5SS IR I YL U AE A DG 41
B A & i (EL W H3K4me2/3 Al H3K9ac), 1M T 2R
DNA J& & 34k f9 . bR id 5 H3K27me3 Al
H4K20me3 57 G4 0 5 R AES 78 15714,
2.1 CSB. NoRC % NuRD X} rDNA X 75 B9 #5 48
R

TR 5 UUER tDNA 7 7EA A 1) DNA & LA
A AEA BT R IMEGLE. 4 TTR-1454
B TO A7 B B (B S ah 7 2 1 B 35F 170 bp Ab), 3%
LR N2 51E & H B(cockayne syndrome protein B,
CSB). #% 1= # ¥ & & ¥ (nucleolar remodeling
complex, NoRC)E#/MAEI K I LB EER &
¥ (nucleosome remodeling and deacetylase, NuRD),
Sy SIS R IR R, UUER BT 167 45 (poised) )
rDNAG7 (& 2). CSB & — M Re#L L & H i -DNA
HAEH ATP i, J& T SWISNF2 BEZ ik, R
WS FIEREE: ) DNA B R fEp /. bR
ik CSB {1 rDNA #3¢, 1M+ CSB &4t F ¥
SEEAWIEAG AT pre-rRNA 14 AU, 4
S TTF-1 A CSB #Bid ik, 2ff Pol 1 M
W INBA &, TTE-1 1 CSB AIAH BRI R T —
00 [ b DA — b Y £ 57 2854 5 Sy Bt g =K
455 rDNA #35% (8 2a). CSB &M EH L
% ¥ M (p300/CBP associated factor, PCAF), &
DNA B3+ XS4 HEH H4 M4 EH H3K9 [
LBRARI). 554 CSB i85 4E G9a, G9a st — P4
H N, 7057 H3K9 Y —. W34, JEH
S HPlyCr Bl B 1y S G, Rk
FEAHUI. H3KO {40 AT HP1y — A A & TE 7
geth Ak AR R, SR Tk i H3K9me2 F
HP 1~y [A] 7776 Fi5EK rDNA 550 s X, i
PRYFZ A —FE, HPly [ITIAE A A& e — g0,
HEAVMCH AR P E IS, BT R IE R
T3 5E i H A 4 2R A B IS I

5 CSBIEHMRMZ2FOTRERLT A
NoRC, ‘& H ATP f§ SNF2h 1 TTF-1 HAE&EH 5
(TTF-1 interacting protein 5, TIPS) 44l ik,

BT L 4L 85T 0 B9 DT BR 1DNA (B 2b). U ER
rDNA 5 T2 DNA 3 [6) 2 iz A= 4 & 350% 1 5 4
BRN, B EREUTER NOR, S84
PR BR O ME DA e e, TR R TR, X R,
B ff — & NOR # /4R Y415 5t 1T e 02 3% S TE IR
s S e AN S SRR AR A G ARG, IR
BHI rDNA FAH FRVEE LA, R Ry T 85
A1 rDNA 751 {1 F 2 5. NoRC /3 tDNA [T
BRoe @ i 3 4% DNA H O R i (DNA
methyltransferase, DNMT). 4 & H 25 & Bt 16 B
(histone deacetylase, HDAC). 417K [ F 5 % 7% iy
(histone methyltransferase, HMT)®| 581X, K‘E
H4 % 44k H3K9 —H 4L, DNA H {0550
T, DT 2 57 S S G £ I3 1) 485 R R AE 12, NoRC
(1 4= 5% %] DNMTs #1551 5L 4H 25 S AL g
18 79 (1] 40 aza-dC A1 TSA)YIFHE. 3t B 40 g 25
T HEBM . DNA AR SRR / JTER & N
PRz MR EHERRE— P, MEGBREBEE S
Y1, 1 NoRC, 7EHHHpifi &4 T F A Lk 2 %
SEKULERI H B, NoRC [ T 1E 5 R MBI i
R EREMTEIERS, Rk E T IX 455 1%
AN B R AT B (-157 bp~=2 bp XK, NucU)EF
Wi F2 5l 25 bp BYTERAL B (-132 bp~+22 bp X 35,
NucD)?. /NMRFTTEAL B 1 2508 § 80% .08 3 1
X A 5 5252 # 5 [K 7 (40 TIF- [ B/SL1 F1 UBF)[1) 45
G, WA —BEE T — PR G AR S5, [l
M RIGE SRR, Bk, @idiE#%E NoRC
AT A% tDNA FPIRES, filtn, BEN Z5M8EH 3
(BEN domain-containing protein 3, BEND3)if i &
NoRC, it % ## rDNA ¥ & W 1EH, Z %
BEND3 ¥ £x 1 i1 H3K4me3 /KF. %1% rDNA &
¥ XK DNA FIEAKSE, AT (e % .
HIERILT —Fl (DNA B IR ICIRAS: P4
(Bl 2¢). Tz tDNA B3 TR IILE . 174
T2 B B (H3K4me3 1 H3K27me3 FL#R1d)-
FIRFA “ORH” RE P AIMESL B (NueD), 33
THEE LRI E S PIC (HA Pol [ #
TIF- 1 A W4s&, FrUAARReRE Sk, & — Pl sk s
IHESRASRY. NuRD & A 9051 51 B RN 4 RF 71l
A DNA. 5ZEaedifumitt, oo ednfd R
B = BT 4 tDNA, 41 tDNA 454
L2 NuRD, HEFEEZIRE (DNA (it 72
2L CSB ¥ A% /MA I UTERAL B NueD % 30 235 BX
A7 B NucU™. CSB. NoRC m{ NuRD #B 5 TTF-1
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EFH, H&BZE—MIRER DNA, HE ik
B SIRFORES (DNA H17r FHLHRAT 4, fZEA
AT E Z R R . 54, BT CSB. NoRC Hl
NuRD =% 5% rDNA K8 3ORE 4, HAh A
#, W pRNA. UBF %25 rDNA 5 fyi it

s,

Fig. 2 The chromatin remodeling complexes establish

and maintain the epigenetic states of rDNA

B2 FERELESYIIT rDNA RIWIRSRIE LIS
(a) TTF-1 &4 2 ash w217 To A1 B, %4 CSB. CSB fig
B AMEBAL, WPETS I NueD 178 F 3) BIVE RS NucU 7
H, 7A4b, CSB HELWAEEE PCAF, #yMARFHAEAMNL
BE4b AR 4 . UBF 45 & F i % tDNA E, Pol I 7E4# Bh [Al 7 RRN3
(TIF- [ A). SLI(TIF- [ B)Y%:11EF A 25 ikt dq il 2 &4 PIC, FF
U pre-rRNA (#5632 F2. (b) TTF-1 i£fig 5 NoRC & & #)(TIP5 T
)M HAEM, NoRC %54E DNA H RE# B EDNMT). HAEH XL
AL EF(HDAC). 48 H A B EF(HMT), HDAC {218 4 H3
H4 &% 4Bk, HMT {f H3K9. H3K20. H3K27 K4 F 31k,
DNMT #1133 7 B [f] CpG KA AL, T 74 57 e 05 (1 45
FIRRAE. St AL B T Re(E h— Rl 5, {24 ATP i
SNF2h 44 J3 3 F X 45 & 0% /ME B NucU LB R BB NucD 118,
FLAF] T RIGT & 69 PIC BB, 5346, -133 A& CpG H
FA 22 B F UBF 145 & ARG AT 2 &4 PIC 413, (o) TIF-1
5 NuRD E6WHAE, @I MAER-TFHE tDNA. P35 tDNA 2
FpRDIR A, BE LA U BR G 8 AR D AR AE . R R MK (Y DNA.
H3K4me3 tric, X H F Q60 BRAE:  NueD 07 B HI 8% /NMk
H3K27me3 #ric. B PIC EEMIMEE &, (HIKH Pol I M TIF-TA
25, &P s i SR

2.2 DNA BEAL5 rDNA KTEHIXFR

S5 BK rDNA (S LR M R IR 2, DNA
RIS PR EZEN — AR R, WA+,
CpG A% T IR o v g 7 6 1y PR A0 2 5 05 R T R
FHRBIRIARIC, 2 ORI B 790 50 52 5 8 e s f
FUREAM EE N2 —. CpG FHEAL FEZEH
DNA F L # i DNMT1. DNMT3a 1 DNMT3b
7. B rDNA FH-133 S E 1) CpG —HH R
FBL ALt 2 LLAR S UBF 5 DNA 1454, BHIE#E
SKEAYIRI AR, U4 ] AR /5 DNA F
FA g7 Aok i DNA RS, BN R RMAS
rDNA #5ig KA, 1 3465 (DNA # ik
FHOREL BT A LR AR — e R AR
rDNA [(PPIRAS, it DAJE T FE R U8 i) BR i P g ) 5
qPCR #H 45 A 11 75 6 v F T4 V& BR fDNA 1
bE, B H EEBUR I BR HIE A VIEG Hpa 1T F1 Smal 1
Lj ChIP 5156 #H 45 A (ChIP-Chop)id A K6 1 5 2
SE4 1) rIDNA FEEAIRZSD). A Z% rDNA 1) H 51k
BEE A Z4, 25 4 CpG FRIE I SR AL K 3L [F]
2 T rDNA FPIRAS . 752 s # R B T
rDNA A% F 340 A1 il 35 R rDNA [ 250 36 In i ot
BL rDNA k> IS, 90 T N s 48 i 5 ) L O
JH4IMAHEE, rDNA J5 3 X R I AR AL %
MAEH, 5 HEKFE rRNA 2 B 6 58 5 1 e
— B, N IR, EmAEAE
55 rDNA J& 3+ [X F A0 R 5 D) AH OG0,

DNA HIEAH 54 E B EAE, LFEREE
BRI e 3. SR 7R 40 i OE R R R AR AL S, 2
DNA H Ak Je e 4 F 1 Ja & A2 R BB e ecAe
I S A 2 B B BT S B BE DNA 4L ?
£ NoRC /3 rDNA JiBS fE T, S PR S H
B 25T, 0 E A2 OB FEREFE 1
DNA [ 384, SR DNA FIEAL IFA 2 2
EEBMR, WABTEERY CpG A7 & ) DNA HI %
T REHr b B35 48— SL B B2 1. DNMTs 5 — 4%
DNA A EH, XEEARBSHED L BN
B A ) o R ZH R TR R AR R AR HAERT, ik —
AP S R AG U R A AR G € JTT 28548, AT s il e %
WEPE. F4h, 7E DNA HEEMKCERAGE, HEA
9 T £ 18 ATRX/DAXX & & %) (a-thalassemia/
mental retardation X-linked syndrome protein,
ATRX; death domain-associated protein, DAXX)
B AW W) T 55 4R AL 2 B g SUV39H (suppressor of

variegation 3-9 homolog, SUV39H), 4 & & 7
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H3K9me3 LLERAEE 551129, 15 B FEAIG FH AR AL I,
AR PR AT ARy — P EE AL 4 RF 3 2P A1 R AR
. ANEEF, DNA FEM5HE AR EZ
AT, AR BRI AL R b, 3
Al %3 T rDNA FIIRE.

UUBRAS 1DNA 7 LU I £ 50 2 FRAL ) 77
AR BR A 1DNA. i A H RS &8 A 3
(methy-CpG binding domain protein 3, MBD3)#] LA
F#AIC rDNA J5 35 X3R4 K T, TR MBD3
G DNA J5 31 X AL KT IR HEBE RNA
G T 45500 Fl pre-rRNA 1A /0™, £
a2 H AL B Gadd45a (growth arrest and DNA
damage inducible protein 45q, Gadd45a) )i 3 ik
A LA B AR 2L 20 0 4 i 44 ) DNA H 40 7K,
BOE PR TR S 2 K. 7E 1DNA IBF ik
B, Gadd45o Hi ¥ IR 7 TF 1 D W2 12
(transcription initiation factor TF [ D subunit 12,
TAF12)5 4. %S rDNA J33) 7 X 102 34k,
TR ST I HERFIG R tDNA B EEAOIRA, T 3R
15 Gadd45a 2 3 tDNA 1) 3 % B L 7R
BT pre-rRNA 4 LY.

3 HEAHI TR HI3I NEERREIFS
rDNA KSR X &

3.1 EMERFNHEET rDNA LEERE
BRNEEFE

HEABMS DNAREFE VM C, BT
DNA J& THEEJFH], K ChIP-seq 7 45 55
A A X IR E £ S . Zentner 255 W I $2E H
AT tDNA B AEYME B 22771, Mars ZEBE Al
W7 it i, WEESH (DNA FPHI X 2%
FEH, oA KA E B4 24 ChIP-seq
it 4T rDNA A R4, BT vk X )
SR IR 5 UTERAS ) t1DNA, rDNA 4 & A &1
(AP 2 i 5 SR AN e e Pl 8 4 (1) SF- 359 412 1 1
B, Bt DARE ZER FH HAB SR 58 B, 4 ChIP-reChIP.
ChIP-Chop %5 5250 it — DR ABFE. tDNA 2k
MEEESIERER, A8 A WL
H3K9ac. H3K27ac) Ml H3K4 ) H AL 8 5
JA & F X M 9%, 1 H3K9me3. H3K27me3.
H4K20mel £ 5 1GS XAHIK, 2 —F 52 1 E £
B, AE KA E ISR SR AR e [R] b
(1A= WA5 S84 5 A T B SR A 7 T8 48 R tDNA

MHE B, SRR, S5IEEFafatt, I
S 20 A H3K4me3 /KFHE &, X S B 5
Z G IR rDNA 45182 — 301, SR I 41 1GS
X ] H3K27me3 /K- 2L & 0 & 4R 45 1P, X
BT 5 BE T H3K27me3 fE S 5 e 685 b i (1 45
. 4, A4 (DNA ) IGS X H3K4mel 7K
PIEE S, HESFIX ) H3K4mel KP3EH %
W, 7R BAR H3K4mel 7F IGS X FI/EH K %1, H
H3K4mel R GE7E FT8 A1 E & BF 421 Fp B AN [RAE
FHBA. 1IGS X AT g A 75— S A YU 0 2 S5 PR 0 B0RT
RThReToE, s, 1 H3K4mel 2 CHIH S
WsRTAH ORI A B LB, IR T L IGS K&
AL 2R o B . H3K4mel & 40, 2
/N IGS X ] H3K4mel 7] G A2 FHa 2 05 & 26 1 —
TELERMALEICY. 78 L T/ BG40 fid (mouse
embryonic stem cell, mESC). Y i 48 7 i 4
Jf4 (mESC-derived neural precursor cell, mNPC)Al /)
B % £ 4 41 9 (mouse embryonic fibroblast, MEF)
tDNA W48 A& 2 57 5 K3, H3K4mel £ 5
Bl X 1) s SRR A A R o AT A, T R g
JRUbRIC B H3K9me3 Bl 21 43 44 17 32 87 T ™, X
5/ 1) rtDNA RiA & — M. {H H3K27me3 &
£ K P Bt 48 M A A TR AR, B — kOB AE T
H3K27me3 /£ 57 44 4 51k rDNA Hbric A3, ar
RE UL UTERZS (DNA 1) 8 37 F1 48 77 5 H3K27me3
ANKM I, M5 H3K9me3 ¥ A <. 4,
H3.3K9me3 (7E 4 & [ A2 &k H3.3 | & 4 K9me3 &
) AP T T i L A 4 e DR R D e £ R R
SERE Y. I AEYE B R R R B,
3 NATTEAT BEIR N B 2R S 56 B0IE
32 HEH H3 TR HII RESFHE

AR, R AR AR S R R 2 3
WKy, SR H3 AE AR, H33 2fsS
H3.2. H3.1 5306 4. 5 NEIERFH £ 7 A
HEE, LR DNA & i 77 TR 214
EXI, Z5ERMWIAER. H3.3 B2 BERFRKS T
RN SO 2R e L B, 7F Hin RN T
YRR B BRI DR 1) S 3l 0 DR S AR 5
MAE Atrx/Daxx EEVIRER T, JIRRTEmRL. &
24 Jop R A S YR R X, SRR D TR RN 7 G 0 4
PR R g ), X 5 H3.3 195 145 2 U1k %,
H3.3 s RS S T 7 RO BORSS, i
sk, AR H3.3 ARG WA 47 1&4h, & DNA &
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W ULAN I B H3 Sk R, 4R % R B
H3K9me3). H4k, H3.3 5484 1M K5 %K+
(CCCTC binding factor, CTCF)fE 43 K4l d B
BB LML R AR . 7E CTCF % SA/EH K, H3.3
PE I 46 2% 10 B 1 H3K27me3 bRid, &k A K
H3.3 Ry pis & e i 20 2 (e Pk, B AT BARH
L LA A e € SRR ).

£ H3K4 R T, ATRX @S H S
(1) ADD 5 R38R 5 37 45 & H3K9me3, MM 5546
B e XEERM. YA E A HPL B EEIR
7l H3K9me3, il 75 1 18] AR — 5 3 ) ATRX
FE 1% X I3 55 B2 B9 739 ATRX 5 fig e 7 1R 01
H3.3 (15> T8 DAXX HAE, MM InE H3.3 76 i
WL 22 R0 8 YL U X AR, 7R B o R
F£ B SUV39HI B¢ SETDBI(SET domain bifurcated
1, SETDB1)MER T & 7 #2 H3.3K9me3, 4ifFkE
DRI 0 R R €0 o o o B3 738 NATTR I, BR T 3
KA 22 R A S Ve e g e A, —Se el e e
JA X, WTERAE i 22 v 2 A X 38 (differentially
methylated regions, DMRs)™, &K P 4L CpG
By, YR A1 F A9 B ATRX /5 H3.3
PURR, DT 57, H3.3K9me3 1 1 DL 4k £ 1% X 35 11
FaE SUTER.

HIRA S0 H33 Ui S 5 2 £ 4,
045 52 K I e SR A% I G 6B R, X RS AR S 1)
e H AL R K DNA #1473 5 1% 15 2 id
LW R HIRA K 5 3504 B IR 4V B 1 e 3 7
AL PRAES H3.3 PR/, Ui W] HIRA & H3.3 7
T R R R i3 )7 R 35k BRI AR S0 U RRURN B 4 1 o
fERESH SR TEAR 2 158 7 X 3k, H3.3 Myt & A
T HIRA (1), $&7R 0] REAFAE — PPl o 745 7 1)
H3.3 7 FFEAREs 4],

3.3 H3.3 7£ rDNA L{ERMIER

IRZALHER W] rDNA _ERASA H3.3 [ g,
FL7E R 7T o & B H3.3 W] R E % T 1DNA 5
H L, wlRESECH EE N DNA F A 1R s i 5%
PEAH U, R TUME (% # FE 0 70 K I, H3.3 4
AT rDNA A& Fl Hira 48 %4 64K 6 i
FEe fE/ANRZAE IR A, HIRA R oR ™ & 1 5
FHIR B SR T (DNA FI56 529, H3.3 8 ik
W E N, tDNA FA B H3.3 &t i%,
RS (RNA JER . 7ERLRE IF 10 e B it 78 o K
WM, ATRX ¥ H3.3 JUATE t1DNA b JF i 45 H 3L A
ek DLk gh SRR [EIE B H3.3 o] BEAE 7> T 1F

18 HIRA /5 F Ui F] 1DNA |, 5 (DNA ¥3%i%
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Abstract rDNA is an array of tandemly repeated genes controlling cellular ribosomes’ biosynthesis, therefore
determining translational level of overall proteins and being closely linked with cellular growth and metabolism.
Because of the multi-copy feature, the transcription activity of rDNA repeats is not only adjusted by general
transcription mechanism, but also finely regulated by multiple epigenetic mechanisms. Generally, rDNA is divided
into two epigenetic states, active and silent state, relating to active chromatin marks and heterochromatin marks
respectively. In recent years, a poise state has been found, which enriches the research of epigenetic mechanism in
rDNA regulation. H3.3, a hot topic in recent years, is a variant of histone H3, which has been reported that might
incorporate into active tDNA by its chaperone HIRA. However, more devotion is required to explore whether
silent rDNA is maintained by H3.3 as well. Another regulator is CTCF, an insulator component that occupying
between repeated rDNA units. Whether CTCF is involved in regulating the transcription of rDNA is still unknown.
In this review, we present our current knowledge of the mechanisms in rDNA epigenetic regulation, and propose

new hypotheses of regulatory mechanism that might exist in this process.

Key words rDNA, epigenetic regulation, H3.3, chaperone, CTCF
DOI: 10.16476/j.pibb.2017.0423

* This work was supported by a grant from The National Natural Science Foundation of China (31671545).
**Corresponding author.

Tel: 15104581872, E-mail: leiys2002@yahoo.com

Received: November 14,2017  Accepted: February 7, 2018


mailto:Tel:15104581872,E-mail:leiys2002@yahoo.com

