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Abstract: Transcription is the primary step of gene expression regulation and serves as the foundation for

multicellular development and environmental adaptation. Current research has primarily focused on the recruitment
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of RNA polymerase to core promoters, emphasizing its crucial role in transcriptional regulation. However, recent

studies have revealed that for most promoters, post-initiation steps, particularly the transition from RNA polymerase

recruitment to stable elongation, are often the rate-limiting determinants of transcriptional efficiency. This transition

involves a series of dynamic molecular events, including conformational rearrangements of RNA polymerases and

transcription factors, dynamic regulation of the transcription bubble, and promoter escape, exhibiting high

heterogeneity across different promoters and species. This review systematically summarizes recent advances in the

study of transcription dynamics mediated by eukaryotic RNA polymerase II and III, with a focus on comparing their

differences in pre-initiation complex assembly, transcription initiation, and the transition from initiation to

elongation. The aim is to provide new insights into the dynamic nature of transcriptional regulation in eukaryotes.

Key words: RNA polymerases; transcription initiation; transcription elongation; initiation-elongation transition;

transcriptional regulation
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TFIID X Ji&i 3 ¥ X 38 (1) R 3 91 46 U2, TFID 4 &
TBP (TATA-box binding protein) 1 % 4~ TAFs (TBP-
associated factors), {E&5& 305, dSEMHH3E TFIA
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Ho 1M I A JE B ¥ 3 B4R T SNAPe (small nuclear
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UK N SEELN R 3T X XUEE DNA 1R B i eE, M
MR ) 10~13 ML XS e st 10, 52
ANIE, Pol T 14 & HXUsE DNA 4T T 5 Nk #1,
Pol I ¥ 3L R J5 2 1 X B8 — B E & A-T
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A BORAS, TLVE IFE  E AU RNA R 25 @,
X FE AR B R R AT R R 3T kiR
(promoter escape) Fll GTFs fift B 5L EHESE, MM 58 ik
M PIC 2| ITC, FFIZEE A4 (elongation complex,
EC) MBS R . BAR R WAL 7 3B R
ITC 3] EC i ¥ 1 1) % 5% 5 G- W i 25 BORD 45 74 A=
©EBA, AR 7 F L TIKZ KB . Chen
24 VSTt Pol 11 % S 2 4R 2 7465 7 4 F2 IR BFF 78 R IX
SRR AL T H I LAE - (1) Pol II-TC2 3| TCY J& T
ITCARAS, 1 A TC10 2 J Wk N 154 5 SRS
FH Pol 11 #%3% ITC ¥ EC AR K AELE 10 nt RNA
G U 5 (2) %5 AR I TR A BE i SR I B AR A
7E RNA #4629 nt B R, I HZ) 13 nt
B K2 21 nt, B SR HENSEMFEY B, ety
WGk 21 nt “PHH” 2 11 nto FE, 4557F pol 1T
IR HIXUEE DNA RAEH B, #EN ECREE:
A [ FE DNA @18, X —BHA e sLBlE 8+
WEIR (1) DG 5 (3) %A AR FEFERE GTFs E KIS
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N ARES S, LRV, WG RS N
HIRZS, #B4> GTFs 5 Pol 11 4 & HAEWATHY,
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A, X —# P A 5T Pol IT; Hk, Pol 1 1E
B ki jm, REHS GTFs 2 [Mff e EH
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4 FEREIREEMETIRF
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[ I} A5 i DNA G237 12E N Pol 11 A% /0 RF 58 BB AR
5% DNA JBIE T (channel T), 1% 18 & & # 4% 5 48 I+
BRI . 24 RNA BEAEM S 10 nt I, J8IE T ok
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2B 1 iR DR S A AR BE DNA AL T pre-translocate 1R 25,
M #HT2E RNA 4bF post-translocate JR#AS, HHIH7E RNA-
DNA 2 &R WIEBRA ST FRTE A (B 4). XA
Wi 5 R 7 BRE2 () finger 45 W i fa 5E, %451
Ik N RNA-DNA J#iEH, Jf5 Pol I # 0 E4EAH
HAEH, LAXFp 7 X PHAG AR 8 DNA FiE#. 16
NTP 2K MR IKAN IR, 25 6 % B 4 v
% RNA 8% 3' i, /£ RNA-DNA 2 &1k “Hiks” #
3, BRF2 ¥ finger 45 #4380 M7 14 o0 A S
X — G5 A B R ANUE B 7 X AR B DNA [ FH
3, bR fid Ak — RGNS F5 Pol 11 2 [A] (1) 5
g, Bl BRF2 #0485 #4385 H AR K] TBP. BDPI1
H1 SNAPc FIfFES, MM 5E B Pol IHT 5 2 18 ik

Pol IlI-TC5
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. O

5ntRNA AR
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Pol IlI-TC6
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I
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6ntRNA EIEFIL
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Pol 14 FITCRIECH A R AETERNAAR K nt2 J&7, F BRI FEDNATEASAR SEEIE F 1) “HFE” ;5 MPol HIFEFITCEIEC
AR R R AEIERNAS NS ntZ )5, AR T-GTFs. Pol 115 8 2 FDNARE i 4 SR, MR AN BB EE 45 7l i A

OB, FRRn i mbrna .
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Ed

ErE, 25 HZAYIRNAR GBS S 6 5h &5 FEuE e it 761

M2 R, 405 RNA BABE/E ITC [H EC #
AR FE A ENE “scrunching” ML, Bl DNA B4
PR 7, AR AE AFEE 1 ITC H [ 4 ) BC #%
Pt sl g sh 1 ikt ¥, R AN RNA B A HE A
W 7L 54 Pol 11 3G AL SR U], {H 43§ WL A7 7E
ZESE o B RNA SR -G B A0 AR R R 3 A5 A B (1)
7, MFLBhY Pol T1 U 3= BRI EE 5 BLAh,
YU 1 o 7 SRR EEAE . 1 FL3h 4 Pol 1T
[) TFIIB S5 HHRBE DNA $2fil, 1% L% 5% K 776 %
H Z24i4 LAF M X 5% 1TC [ BC H5742 .
11 Pol 11T 7 b 4 sk i v SR EX AL BE IR . 76
T A8 B ol il fE v, B 5 HF BRF2 R I%
ZEREEMEM, MHLFIEESD BRFI 251 2/
11 B SR iR 20 25 T AR BINLHITD A B oy, A fpidt—
G20

5 HEREHMEGFTsREEHLF

Chen % "I HE 5L R B, 24 Pol IT #4353 HE N ZE fif
BB J5, GTFs 2340 20, 308 PE g o B =
HH, TFUF. TFIE {55 Pol Il fREFLE A, AL
R sgilelh, 18 RINF AT By, 0 BB AS 11
4% K+ ( 41 DRB sensitivity-inducing factor, DSIF)
I 4iE A K] ¥~ ( 40 super elongation complex, SEC) $2
AT AIER, Bk sl Bt N BHEIRAs,
iff O 2 Si D B 1 o B~ A0t 0 28 7 RNA V& BR
FEMOIR S . MHETT S, TFID f2 i R s i 1
76 5L 2E B BE, TFID Hh [ 2H 1 i 20 (W1 TAF1
A1 TBP) T 4G H0 5 il 25, 17 21 M e A By B L7
SE4fR . k4, TFUB. TFIE. TFIIF. TFIH %
FESEA I A2 AT BE LAAR 5 I 7 AR B, 85 JE 3+
X 5% B ik, (AEEREBATRE. BIEEKE,
GTFs 1EZE{H 5 &) 7 108 B 1 Ol nl e <2 3 2 Fh A
R, GBS FITHIH M. Pol I CTD IR
RAS . B S R 1) P[RR FH DA S G 8 o R 4 55
IX L IR 3R L [F] o 58 T SR GTFs 78 7 5% 53 1) 28
B B IR P B B AR P S L D e R

Wang 25 U7 HF 5K, 24 Pol III #4553 A\ FEfif
BB G, H GTFs 58 e il B A2 J8 3+ i X 4,
e, “ AL IR, KIILLK, RlER—HifE
W Pol I H & —Fhtlok EE MM JEshFIRe s, LA
i S HAE A tRNA L 58 TRNA 257y RNA I () s
SR TR D KR RAEIX— R BN T
P IA R B, Pol I AN T~ 52 2% 1) e 25 EE 44
BUBT— 0%, At RRI R BT G R %, (HIX AL

AR B = EARGSMIESE SCHF o BT T TR LA TR
RS ML R DL TR IR N 1 1E — IR Fe = 34
SRRV OR B AE R B T IE R SOIRES . WEH R
TESE 1 Pol I FRESAAREAL 1) & B ML . 3K B R
ST HIEIAE 75 DNA R FFREESS &, A
()07 B3 T SR H 55 Pol L 64, W RURT —#eike
. IXAPSRALL “ARZE” Bl € Pol I 53 LAETEAI
HHRN R ) T R AR TR O, B
BEN TR, OREE e 1 ek, i,
L) 5 R0 SR S AP 5 AT DR RS A6 ML, AT g
72 Pol T FEFAAT i A e SR A 55 v PR P PR S

LR EPIR, s AR A SE A ) #2 AZ R FEAE Pol
1A Pol I Hh 84 8 J e Sfsh A sy . JR 3l 1 ikik
Lo 7 B HE, (HERAR B 5 Or B ALH L
B JIAFAE L 2 S, R R [R] RNA R4 B 5
GER G R G PR FE A& AL

6 RBEEERIE
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P A I v R S ) SR A, 45 4n PIC 20 2Rt 7
Y. Ba TR RS 5 S 37 DNA )53 f# e,
XL AL DR AUE T SO R (RS V1 AN e s 72
A FEAT. SR, SRR LI JE N FAEAE &
FERSFIE, Pol T1 A1 Pol TIT 1E £ A~ <4 J 1Hi 47} Ji& B
R 2R, RGP  R T 2R A I
JBET R, SEMMRINELA LR 5w
ST . EARKYL, Pol I FEE AT mRNA &,
BN QRO N 2N 2 D = B) il b 0 oy vy o S
SR Yeth AR R et R AN T, B R AR
A AYE. XS Pol I RALENT K EET.
58 0 RN 4 e AR A T R A R R ) Y R
AHXFTE , Pol I W 3 2241 575 N 5S rRNA. tRNA
F1U6 snRNA %5 735 F & (1) dE 4 i RNA, L6 S
2 50w ROR B A, LA PRS2 0 v 2 )
BE 7, LAY 2 41 5k B REAR 1T RNA B8 8 7R .
T L1 T TH] ) 5 R AR H P AR RNA R &
TESRE AL A I SR s FIIR A R, R T &
%5 3 RGAE K R A 1) 2 AR PR 5
PEo X5 T 5 P [E A ALE AR DR 1 240 B A (R
1 RNA I BURCR 5 R0 .

Kok, WHARHTFE DG NEHZIIAEFRET
Pt B, DAEUARAE SE R DNA A, M AR
B G 8 5 A5 T % S IR 720 2% . DNA WM R A8 4k K%
RNA K &M AR ESLI . 454 Cryo-EM.
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