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SRR ER RS AR ERIZARIER

Pere Bk WEI @ IH mH FE

(W5 7RI BB R 2 212 S5 IR IR 24 200 =2, 15 /R YEE 150081)

E  AUE/RDNA(ribosomal DNA, rDNA)Z 35 % A7 A /ARNA Y DNA 5 71, 188 v, BB &
BT XA E T @Az 04412 5. BRNAK S EI(RNA polymerase I, Pol I)/>F#rDNA%E K &
BB A A RO KA IR, AEHramice) L Kfdgh, Ernilamiet 4 £ 55 5ER

i@ 1245 Pol IR ArRNA#) 4% 3%, 4omTOR. MAPKAPI3KI&2. AFA R, W fa JAz A% IR A ¥ 69
IDNAE A2 25 & oy C AT BHR 200 F IDNASE R B R T 4. R E ShA2 R A5 5L 89K e
FEAF RS TGRSR A ) AR R AR S R S, B AT/ 4m ff 4% 4% A (somatic cell nuclear
transfer, SCNT)A=% % % #&F 4 ft.(induced plurlpotentlal stem cells, iPSCs)Z2FPAF 748 % 49 & s A2
IR RPN R LT AR B 2 abk, BLRAF LI AT F e AR B, b % s
2 S HRAR, 5EF MM, SIS H LT FACT 6. SCNTAES 49 7 hd
A=K 7 38R, rDNAZ F AL, T2 L F R ERRE . 2L &4 T Pol IQ?&?}‘H:JDNA
BRI, AT TIDNASE E AT R T Akt fio T A2 9B R, BRZ T EiTA
FZrDNA%E FAL R m o & A2 69 7T e 7 A

X#81a  rDNA; #Z4-; rDNAL % /R4 i 5 4 £

Research Advances on Ribosomal Gene Transcription and

Somatic Cell Reprogramming

PANG Nan, LIAO Chen, HUANG Xingwei, JIANG Qi, WANG Nan, GAO Meng, LEI Lei*
(Department of Histology and Embryology, Harbin Medical University, Harbin 150081, China)

Abstract The rDNA (ribosomal DNA) is a tandem repeat involved in cellular ribosome biosynthesis and
located in the nucleolus of the nucleus. The transcription of rDNA mediated by RNA Pol I (polymerase I) is a key
step in ribosome biosynthesis, directly affecting cell growth and proliferation. Multiple signaling pathways in mam-
malian cells affect the transcription of rRNA by regulating Pol I, such as the mTOR, MAPK and PI3K pathways.
Somatic cell reprogramming refers to the reversion of differentiated somatic cells to a totipotent state or a pluripo-
tent state under specific conditions. At present, SCNT (somatic cell nuclear transfer) and iPSCs (induced pluripoten-
tial stem cells) are two widely studied reprogramming methods. Successfully reprogramming the somatic genome
to pluripotency requires both the continuous silencing of somatic-specific genes and the activation of the necessary
pluripotency genes. Compared with normal fertilized embryos, SCNT embryos have a problem of low develop-
ment rate. In SCNT embryos, functional nucleoli development delay and rDNA methylation erasure are incomplete,

which may be an important reason for its low development rate. This review summarizes the research progress that
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affects the regulation of rDNA transcription by the Pol I pathway, analyzes the role of IDNA transcriptional activity

in early embryonic development and somatic cell reprogramming, and prospects for possible ways to promote so-

matic cell reprogramming by regulating rDNA transcription.

Keywords

PRI A% F2 1 (somatic cell nuclear transfer, SCNT)
KR N LR O R T, PR IRIE R E .
B OGRS T 2R AL ISCNT/E X, fASCNT
HIRCRATHIRARAR, X FHAS T B AR HOR T2 B .
M7 H./N ESCNTHE AR A FIrRNA AR 58 428005, ThRetE
BZAZ ST LG IR SRR IR G I — N J 30, AT
W v FER IR R E - " FLBIYIPol I(polymerase 1)§% 5%
FIJINTA47S pre-rRNAJE I 5 B AR R B (A A=W A A=
R E EHLH . AT 4l T30 S5 Pol THH G IrRNAF:
SN, I EAHENIPol I 7ICX-546 i i
HEAAAH HIrDNA R e i v, mT DA A 240 i 56 47 3l
AR, AT R SCNTIR AR I AR .

1 ZEAEERFE R REE
WFH 7L 3 0 4 v A7 AR 380 S 5 DL BN rDNA
HHEFFH. - MDNAE S 7 AN A 2343 Kb, /)
B, £45.3 Kb)73 A2~ 2 5 43 G i [X R0 [R] [
B [X (intergenic region, IGS). %ifid[X K & y13~14 Kb,
(0,2 %7 51118S. 5.8SH128S rRNALL & JL At 3F 4 i
e AR X P 0, IGSE A K& W ) EE T4,
SINE(short interspersed nuclear elements) G4 1 5%
T ARG 837 A AH S DNAE & 7 51 1) #% O
J& Bl F(core promoter, CP)?l. rDNAJS 3] ¥ £ ¥ 1%
O J5 B AR i 76 (upstream control element,
UCE). X2/ 7 41 T At B RR S M0 176 2801 e s
BRI REEM . EWASIEMBA, R
JrrDNAHE 5 7 51 HA sl v, RN 5 B sk
P AR G 1) 4B 8 (P H3K 4me H3K9ac) FIHIG 7K
FIICpG Y Al oAt B 57 51 R I S G € )5
(R 45 R RFAE, 5 5 e S A A OC i 24 2 iR (B
H3K9me. H4K20me) M AL CpG =% HIR
TEMFALENH, Pol AR/ NMEAL I DNAE 5 7
G ) 2 0 [X % 5% B4 7S HT ArRNA (pre-rRNA). pre-
rRNAZ HH— R AN EIFA 2EAS 77 A A 1) 18S
5.8SH128S rRNA, 7 5 7£ %A= b e 2H 2% iz b A .
IR L3N VIrDNA KL S 1) 5 2 75 EPol THIE /D aFiis 5%
{46 K 1 fErDNA J3 3)) - 41 %& T2 BiPoll % s ke 4k &2

rDNA; nucleoli; rDNA transcription; somatic cell reprogramming

4 WJ(Pol 1 transcription initiation complex, PIC) (&
1)o PICHTE 75 2 F i 45 A [A ¥ (upstream binding
factor, UBF). EFM: A7 1(selectivity factor 1, SL-1,
T /N B AR FR R TIR-IB)2 b 7 3% R 7 4 B [ A

UBFA ¥ HMG(high mobility group)# ¥, HMGH:
AA C A DNAEE 7, 3X i 4 1 {2 2k UBFMITIF-1B/
SL1Z [AAH B AE FH B & 524 J3 3 7 Jo FUCEMICP
[ 45 & . UBF 5Pol 1V 3£ PAF53(/# £} Pol 11V %
A4911) i L3N P [F IR AH BAE L, AR #E T PICTE B
Bl PICHTE i fi #2210 B2 ¥ Pol 15348 3IrDNA
JA BT Ak, — HUBF/SL-15 & ¥ {ErDNAJ3 5 T 3%
B, SL-1/TIF-1B-5 % Bl % 5% A2 46 [F ¥ (transcriptional
initiation factor, TIF-1A, F# £} Ren3 ) [F] Y5 40)AH .
Y Fl % Pol 155 4 $IrDNA J5 31 T 5 SirDNA RS %0,
rDNAFE 52 B0 MO A B ) U 4%, 6 AR KRR g
FEVIR, X5 40 BRUGT B oA R 75 SR B AH S5

2 5Pol IfHXHIrRNA%E RiIFHEHH]

B IR AT EE 3 1) JE % ——mTOR.
MAPKFIPI3K, i# i i Pol TG, MM i 45rDNA
L
2.1 mTOREH

mTORIE % 25 A1 i A= KA 1 142, 72 PI3K-
AKT-mTOR{E 5@ B (1% O 4L 7 . mTORIE
I E FRYR S A A DR 7 AT i SR 1 T A A
KA, AR 5 D ff 2, AL sh P 4n i i
rRNAA A% 5ZmTORGH B 1) 75 . mTOR(E 5 i i i
I LR 3R LA 2 Pol T AL (1),

(1)mTOR A J# i #% 53 [ Rrn3/TIF-1A$% il Pol T
S T I CRN A S5, 75 B BEFIIR FL3h )
HH, mTOR B2 AN i R T LA A [ (1) 7 0 5 TIF-
TAPRIE 14, 17 628 I T 1Y % P92 10 ZE mTORAK 36t 1 425 11
Pol 1ff1%% 3 b R 35 S BE I M. mTOR/E 5@ it
3 580 22 Z R SA4 4 11 1 R 10 RN P4 A1 22 S0 R S 199 11
FR AL SR S5 TIF-TA B 5 14 (S441% FR 10 X T TIF-IA
BOE SR L TR, A S199 MK 2 4b v] [ TIF-IA K ),
BHE BN, &% MNE R 0 S, TIF-IA/RRN3 5Pol
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Mitogenic signals Nutrients IGF-1
o

(G oy
e
/Grb\/

- 7
Ras —=(Raf | CDK4 ‘
1 [ . Cytoplasm
MEK1/2 l
|
pRDb /\

RSK «+— ERK

RSK \\.. ’———»

‘. Nucleus
i D
Kl

Pol L sgilt e B a5l K 77 PAFS3. Pol IEHE. Hesgiltt B AWML M ZLUBFAISL1S5rDNA K 3 7T/ UCEMICP [ P A 45 £, TIUBF5
Pol LIV FEPAFS3H 4 77, TIF-IA 5 Pol INITIF-1B/SL-1MHZS £, i i Pol IR 2 /R 3 1AL, (R ErRNAIH K -

mTOR. MAPKHIPI3KIE 8 id #2 [7] Pol IHLAI K TIrRNAJEF 5% 3¢ . mTOR(E 5@ H: mTOR. S6K1EmTORMEH 1%L F. mTORME 5@
I 3 A T ORI (K AL TR 3 Pol 1S, mTORHE B 14 % TIF-TA [ P4 A A AT I 35 Pol TFIrDNAJS 374 (15342, - mTOR T i S6K 1
P M cyclinD 1 1 CDK 4 8 1 1 55 UBF (135 M A I IERNA M & 5. X LEHL I A ELAE AR T mTORME 5 ML CE TR &
A LR~ 45) S AT 1 ErRNA & B R Al . MAPK-ERK A5 5 38 1% 21 xof A2 A< R 3 A0 AR AT 22 70 2R 510 S5 57 P o 1 S R A i AT G 2 i
ZARR)FE AR 10, GrbfISH3SE I &7 BR A K F-SOSEE &, J5 & /N7 1 ST ER 45 & tH I Ras I GDP# &5 11 45 &G TP, M
Ras; % Rasit — 5 5Raff & HL i 454, WS Rat, RafffF2 (KMEK1/MEK?2, AT 0% s MAPK UK %0 4o, H tHRaffE 11, MEK1/2F0
ERK#1)%. ERKBEFRLIFEUERSK, HA0L £4N0% 5, RSKEERILTIF-IA. b5, ERKERR L TIF-IA. ERKAH AlE I N SCREMG it — b i i
PCUBF T HErRNAF 5 55  PI3K-AKTE 58 e PI3KAE 52 A K R T AN ML IR 715 5 7= AL 3-WERR UL, 3 R LA 05 AK TI B I 5 FL 45
& . AKTHITEEFCK2 I BERR AL WIS TIF-1A, fe MErRNARL 3. AL, CK2 W/ S UBFRERR AL, MM 52 15 SL- 1A HAE HI et e st an fE HY
Grb: A K K732 14; SOS: & ERACH K F; Ras: Raf-MEK-ERKI@ L i#5 [1; Raf: 22 % FR/J5 % Fe 25 11 Bl «

Pol I transcription initiation complex control factors: PAF53, Pol I subunit. The formation of transcription initiation complex requires the synergistic
binding of UBF and SL1 to the rDNA promoter elements UCE and CP, while UBF binds to the Pol I subunit PAF53 and TIF-IA binds to both Pol I and
TIF-1B/SL-1, which facilitate the recruitment of Pol I to the promoter and promote transcription of rRNA.

mTOR, MAPK and PI3K pathways regulate rRNA gene transcription by targeting the Pol I mechanism. mTOR signaling pathway: mTOR and S6K1

are the core factors of mTOR pathway. The mTOR signaling pathway regulates Pol I transcription through three interrelated mechanisms that regulate
the activity and localization of TIF-IA, thereby regulating the recruitment of Pol I to the rDNA promoter; the mTOR pathway accelerates the synthesis
of IRNA by activating the downstream S6K 1 kinase and cyclinD1-dependent CDK4 protein of mTOR to enhance UBF activity. The interaction of these
mechanisms can provide a mechanism to explain that mTOR signaling is affected by environmental changes (nutrient, growth factors, etc.) to regulate
rRNA synthesis. MAPK-ERK signaling pathway: cellular responses to growth factors and other mitogens are mediated by protein tyrosine kinases and
G protein-coupled receptor(R)-specific receptors. The SH3 domain of Grb binds to the guanosine exchange factor SOS, which dissociates the GDP of
small molecule guanosine binding protein Ras and binds GTP, thus activating Ras, Activated Ras further binds to the amino end of Raf to activate Raf.
Raf phosphorylates MEK1/MEK2, thus activating the core unit of MAPK cascade, which is composed of Raf protein, mek1/2 and ERK. ERK phos-
phorylates and activates ribosomal S6 kinase (RSK), which phosphorylates TIF-IA after translocating to the nucleus. Subsequently, ERK phosphorylates
TIF-IA. ERK can also further phosphorylate UBF by downstream S6K kinase to promote transcription of RNA. PI3K-AKT signaling pathway: PI3K
receives growth factor and cytokine signaling to produce 3-phosphoinositide, which activates and binds AKT kinase. AKT activates TIF-IA through
phosphorylation of kinase CK2 to promote rRNA transcription. In addition, CK2 also mediates UBR phosphorylation, thereby enhancing interaction
with SL-1 to promote transcription initiation. Grb: growth factor receptor; RAS: upstream protein of Raf-MEK-ERK pathway; Raf: serine/threonine
protein kinase.
Bl Pol IERiLiA%E K 5Pol EXHI3MERFIZrDNASE RAVE R (RFES E 3CAK[6, 12, 17]15250)
Fig.1 Pol I transcription initiation mechanism and three major regulatory pathways for transcription of rDNA
associated with Pol I (modified from references [6, 12, 17])
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URITIF-IB/SL1 45 & ff 9, Fr LAmTORIE a1 717
Pol IJ5] rDNA & &) 7 AL i) TIF-IB/SL1 K 524, M i
FPICHITE . HEAMmTORME 5 AN A] LA i TIF-TA
FRE T, 3 T DAJE ) TIE-TAZE 40 N Y 52 2. mTOR
TP 2 TR IR 2R A S A, 5 EUTIF-TA 41 i i%
R B, AT HDHIrRNA #5502,

(2)UBF 1 DL AZ BE A4 T R S6 4 I (ribosomal phos-
phate S6 kinase, S6K 1)K #fi 1) 77 =0 #zmTOR ¥ #2511,
22 ¢ | 175 ‘T SOK 10 i 1R (L UBF, 111 UBFR I 14 =&
UBF 5 TIF-IB/SL1AH B./E F By b 75 ). mTORi# #%
I RO S6K 1, I T Pol T84 AF 1, B398 7 rRNA
(3 g RO

(3)TEAEJE P B LA, mTORGE 2% 0% 20 At 7 H
FHIGEE FICDK4/cyclinD!™!, [ f5 408 X 5 151 41 it J8g 45 1
(retinoblastoma protein, pRb)fER . 24 I 5 UBF /3 1,
[F] I UBFA 2038, AT 3E 5 RNA A 1L, (2240 i
53%. mTOR(E 5 1] 45 & 2 FlPol IFe 7 M 4% sk A 7,
FRIEAN AL 75 SR FERNAR A RIS, X st Wamif
mTORZEZH i B4 5 A4k b % O
2.2 MAPK-ERKiE

4 ff HM 5 18 5 B (extracellular regulatory
protein kinase, ERK)J& T-MAPKZK Bt 1) /7 37, it &5
1 1% S R U AN G R A RS2 A A R 0 At
BunRFESEaE 2 MmEalY, DNAR R
X AE K TR R PR B2 B MAPK 7 1A 5388 2 1 1%
Oy 2H 7 MEK 1240 1l 51IPD9S0SOBH Iy, 3 B A= K [ -1
i i Raf-ERK % 42 0/ Pol I#5 55 . ERKANAZ B 14S6
VI (ribosomal S6 kinase, RSK)ETIF-1A 2N 72 22
Z IR FE(S633F1S649) AL RRIL TIF-TA, iX 46 22 5 R
B 1) 1 TR A B VG TIF-TA -/ i3k pre-rRNA A . [
ez 4b, FRREUAR Ser 6494 TIF-TATE 14, M i
P PR SNPol TGS S 4l 2B K. (Rt 2B KPR F-id
I ERK/RSK AT 5 IO TIF-TA B R 1t 5K 1 5 RNA A 1%,
AT TG . X gt BUIE I, TIF-TAZ R EYI K
Az 110 A K DR R e B 1) e [ o R AR, ERK
S HIUBF R & FRARIET117F0T201 B B AL A
UBFJf H A #EUBFFIrDNA 2 [8] ()40 B.AE I, MM
BT, A, ERKFIRSKREBAL TIF-IAX T
HPICHI T B 22 R L 2L 1Y), tH 3R BHERK WM i Pol 1%
SEACLRFIAEH o
2.3 PB3Ki@RK

PI3K 2 — P it(s Sl Es, S 5EHMmEK.

WEFEFNAAE, I AE & Bl AE 4% B, PIBKAT LA
Bl E ¥ S5 mTOR. Ras-ERKGE % — #2 il #4Pol 11
B, AR I DR 15 5 4 A% 34 B PI3K ™
A 3T IR LT, 3-Mk IR UL 00 22 2 IR/ 7 2 IR L Ity
H 5 H 45 /P, AKT(protein kinase B)if i i &% A
BB (casein kinase 11, CK2)HI B RILEHE 5 S 2
TIF-TIAPRY, CK24E [ TIF-TAH [ 22 % R 7% 3£ S 1701
S172, JAEL LG 5 S5Pol T ™), RIAKTHEA
e i S AR R VE F . IR Ak, CR2A 5 ITUBF R
g 5R T 5 SL-1R0AH FLAE ., TR 2 5% ot 2h 1
P, i & = AR A K K 1 (insulin-like growth factor
1, IGF1)id i PI3K i 12 2 8% 1% {L UBF SZ ILUBF
B iE, X 5ERKE 5% R AL PI3K/AK TR
HTUBFAITIF-TA{E 3 Pol T 3% it 4f F0 ZE A ) 00 st 2
—

3 FHARRRR XA LT FIZSrDNASE R
3.1 BHERPZICMTIIE

TEMG LB, B O BELHE A 5L O 22 4
G AR AT 32 22 R B A ARIR A 2 MR, B A
#% 1~ B #& (nucleolus precursor body, NPB). NPB
TR BLAE AR & B B BUE T a6 57 A0 56 45 e
DR vEAZ AT . DhRe %A= HRNAS B =4 LA S A%
BEARER [ (r-proteins) ZH 22 11 %, A A2 7= A2 W AR VL 1)
HLLRY, ZEPol 1§55 il ¥ pre-rRNA AT 7EAZ A~ itk
— DN TR, A% BE AR IR 2H 2% R A2 T rRNAT A %
TR R . 72 R B IR iR, 40 B A 4 4k 20
J R AZAZ D B ] S5 K, AR R B A R oK P B 3
ANSEL BRI X Z: ZF 4R ot (fibrillar center, FC)
FErRNAZSE [R5 5% B AL B BU% 4 4 2H 3 (dense
fibrillar component, DFC) 4 #1 A4E FIrRNAFI N T ffr
7 I ki 2H 79 (granular component, GC) /& 5 Hi#%
BEARZH 25 10 67 B2, %A= S5 M %) B 1 Pol TS
P, AT RN R T 20 B A A BRI R B

AR — P FEBAS T 2544, Tt o5 20 it o) B
R AT, AR AE A 22 5y ANk B 53 22 1R
A P A B A R O . AR K Yf3(germinal vesicle,
GV)HAGEREA M %A= S iE AR iR A TR T &S
A E . B ORI ) A K, rRNAS ROR
Wds 12RO, ThEEVEAZ A= F2 A2 JyNPB, FARLH = 4E KPR
SRS N BUR (A BRI 450 o 1K Fh B Ak A B
FPol T/ D T R AR . Bl UN BRAH Pk 52
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Table 1 rRNA transcription regulation mechanism related to Pol I

(ERcpit ESiie AT rRNA%% 3% ZH IR
Signal path Key gene Transcription factor rRNA transcription Reference
mTOR Rrn3/TIF-I4 t Rrn3/TIF-IA 1t t [12]
S6K1 1 UBF 1 t [13]
Rpb | UBF { t [16]
RSK 1 TIF-IA 1 t [6]
MAPK-ERK ERK 1 UBF t TIF-IA 1 t [18]
AKT t TIF-IA 1 t [21]
PI3K-AKT CK2 UBF ! TIF-IA 1 t [22-23]

o34, ANMAZ S fiR, NPBAY BUIE 40 B o 7E 2
1 BE 2 B FNPBER [ A B 1 S PErRNAF= 2E AL
Mo TEIREY ZERISZ K I, NPBH I H BLTE 5248 O
W, R HRESEEIPol T s TS (N IR AG (14-41 g -
/N ERVE R HR 0 2-40 )Y B fF: Bl 5 Pol T3% 5% 1) 3
i, NPBH il 45 1) Ak O v VR 21 4E kL. 7ENPBIY
A RE T, 2 5RNAGRIIZAE AR
JET RN I mRNAFI B A . BEE IR IIA B,
NPBIZ ¥ i 48 U2, 16 IR ia4-24 Mo [ B 237 T2 1
SR ThRE BUAZ AT . U S 2 B A% A B (AiB23
UBF%5) 32 i TNPB, [ HENPBHK A LR N 2 A%
{ZHE B BIREAEER . DhRe B AT I 4 235 4 T
B I IR R FE ), HAE A T2 R H 0T (zygote
genome activation, ZGA) RGN B~ 2ERY,) I H A%
AT A FECE I AR AR R — Se 0 AR &, A=
i FIrDNA % S5 38 DN A 72 VF 2 J 0 1) WL B
FHIE
3.2 RHAFEBAhHIrDNARIE S F

HHIRRG & 8 HPol IRy R PEEE5DNA, 251
G2 R 4H % (embryo genome activation, EGA),
Pol IFIiE AT T-ZE MG K B B B ik IR 475 A =2 0
FEEN. E/NRZREI A, RNAS BAE 140 f A
H2-20 B G R R, BAE A% R R R tHDNA
SR, BAEEE —ANAH A Bk E. EEFNPB
UL 22 2157 & IrDNA S DN AR 5 (30, NPB#E
TUZE K e A O T T AR 4 MORL A% A . ZENPBI ik &5
PRI RE Y, SrDNAA BAH KA AR (e b 2K
B HIAZA= B,

7F FHISCNTE fifi FHrRNA F R 5 1 52 4= 9 .
FERAE NG 5 155 IRAG v 530 2-40 fa B B s il
FIrDNAFE AL 4R, 1H /2 fESCNTHE AR o, rDNAFE 5%
PG AN T RE PR AZ A () ST A IR T — /A1 A 3,

HHZAEAR AR T — N5 8. A
TER Z BSCNTIE G v, A= 1 85 15 43 A 5 4- 20
HIrDNARE S O R R A2, X 5 50k 1 M i v E
i} (intracytoplasmic sperm injection, ICSI)AE i #H Lt 4
BN . I, /N SCNTAR SR A= S F
Sy AT E IR 5 i PR D A A OC . o, R
R G HH ZG AR IE 3 0%, (B A% %4 (nuclear transfer,
NT)WEJG Ty e 1 AZ AT 1 & A AR B IE 5 IR i 2B 38 1 —
AN AR FE Y. ICSIAISCNTIV iR 22 ] JVA i 5 R 23k
T P B 22 e 2 T, R U O Y 2 G SCN TR fi
FOJEER PN

4 RMPRERIZFrDNARER
TEAARZH M A R FE R, H R o 1 2
AT R 44 A DA 4= R ASE 2, T 440 1) 424 400 PR RS e A AT )
Fok TN RN B G A BRI — AN DD R
TERZRE R I FE Y, (LR 20 Mgt N O REAH AL S, 72 51 5
YERE, (R AR A 2300 2k ZerRN A & ) F
ISP, B JE R N 28 R, A e Hh T e ik
WA HE AR NPB . SR T4 24H A DU 26 300 HH 55 B9 i
JFR A B PR R T, 3K s LS4 4 i ) 2 4 R P —
JE DR o K i AA 4 AR 51N 2 A% B B 41 A 1 BF R T S,
B IR ek v PE PR HUUER . 7R AN EE —IRH
2 43 2017 6] 1 SR A W BIrRNARE FE3E 1. SR T /1N B
BN REZH A AE il 0 72 2 R K B IrRNA L A% 4
P HE E RImRNA, BERAZBE AR 1 i 47 528 2 DASZ
FrRIA R E - R, 7E2-40 M b, & 72 R 49l
i, 25 R AW R AR R 2 2 1 i TR A il
TS . NTIE IR FEZGAR R] 2 B HRNA N L A1
PR C IR B, T AR SE B RNAS B I LA
R A7 I 355 21 25 1) B 1) 41 4 PR ORI AZ A 7E /IS BRI 4- 2
B B 2 57, SRR AL RE A B T A% RS A I (1)
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RWIRE . Ll 5 EWERINZREEIGH L, 7ESCNT
/INERVE G H, TDNA e SB0E 1 )5 Bl IR (1), T
REPEAZ A R G 2 IR T — AN 41 B 1B,
T SCNTMJiG A% WEAR 1) R & I & E 5 I & R, IX 2
SCNTMG K B ZAK I — N EH Z 5 A

FEIPSCs E i A4 1 75 o 7E 74 248 fifd v o ok AM I
ik % 3 g Jk NiPSCs i) 7= 4, W10ct4. Sox2. KIf4F!
c-Myc(RIOSKM), RI 4440 il 2 4 2 9 £ B R 2S00,
SR, H AT E SR N I B S S gm At R L)
W ANERE, FEAG T iPSCsHIImPR N A o #EIPSCsHE g i
I FE, (DNAR WAL A F 222 RAAE T Ew
FEIRI N B, 43 SCHRkAR S, 7EiPSCsHE g 2 HHA(EE
6T il 2T 24 41 2L AT Fe AR 7K S rDN AR S5 1% 1.
FEH ML S RN, iPSCsHAT i 51 35 [ rDNA R e AH
5 KL K (458, 18S. UBF. TIF-IARMRPIA = & 2
FALRIDNA S 217 X8, i DUk ik 2T 4k 41
LA 2 g A2 S AN T I TDNA B S o AH %,
tDNA 567K B8z JB 0, R I3 LR TE 2.2
PRI SR B AR HErDNARE g . S YU AL B
B IIrDNAFE S5 1, v GEAT B 138 7 25 4w 241 il v
AR FEABALIELT, oAk, M UM 24 T8 J- 4 o i
Z, ] BEIE I O A0 B ) B R T EE mTORER 422
HEDNAR % 5%

5 REERE

A4 i B ¢ R IO A 1 38 v P R A R a1k
KA. WA, IPSCsH A R LK 8 B 48 B (b
BT R TR 20 B ) B G R R 22 9 R T A M, X AE
RN 240 A PR AN B VA7 R % BRI B
AT, P AMIRAAIITVE A . (B2, Eyifs
HH ) SR e el b 1 R ) T HOR R, fESCNTHE
Jif R B Ik R A 200 i S R 2 1 3 38 A A5 1 11
ARG T EMIGIR E . A AR B R e
(R Mg (5 5, H RN ¢ DNA FF 310 A2l
| A EAE, 1 H AN, H3K9me3ENTHE G & & 1)
FE SRR, FHISCNTHE G FTH3K 9me3 45 B3 A 5
PR O E g R R ) 3 A, AESCNT
JR 6 B R AR S A R T ) 56 SCNTIE fif 1 2%
W E g FE AR BE R G B A B PN B T IR RELH ) 14
MR 1 E YR AR RE 1A PR, IR K B RSB,
DA 1k, $% =i SCNTHE i & B 2 (1) 8 S O ) IE 5 5E
I ARG 2 Y, L F R A A 2 A% 1 T A 3 A

T 0 BR A4 41 B Ry 5 1 B R (1 3Rk, 26 T 3 WG
HRRIA, RERHMMB KR E . EHERET IR
L AT SR A8 4 A 210 T S r DN FR) 2 S AR 28 00 368 A% 5
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