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Establishment and functional verification of mouse embryonic stem cell dTAG cell line targeting SUPT6

YU Yixi, HU Deqing

(Department of Cell Biology, School of Basic Medical Sciences, Tianjin Medical University, Tianjin 300070, China )

Abstract Objective: A dTAG cell line targeting SPT6 homologous , histone chaperone and transcription extension factor (SUPT6) was
established using the degradation TAG(dTAG ) system to induce acute degradation of endogenous SUPT6. Methods : The small guide
RNA targeting mouse Supt6 was designed, and PX459-PITCh—Supt6 sgRNA and Supt6—dTAG donor plasmids were constructed.These
plasmids were co—transfected into the mouse embryonic stem cell line V6.5 followed by drug selection.The selected monoclones were
genotypically identified and sequenced.The proliferation and differentiation of positive clones were detected by CCK-8 assay and alkaline
phosphatase staining. The degradation of SUPT6 in positive clones was induced by dTAG-13 and confirmed by Western blotting. Alka—
line phosphatase staining was used to evaluate the effect of SUPT6 degradation on stem cell pluripotency in positive clones. Results:
Targeted Supt6 guide RNA and dTAG donor vectors were successfully designed and constructed. Positive clones with the dTAG tag
inserted were obtained. The insertion of the dTAG tag did not affect cell proliferation and differentiation ( F=0.014 19, P>0.05).
dTAG-13 effectively induced degradation of endogenous Flag—tagged SUPT6(F=617.5,372.4,both P<0.001). Upon drug withdraw—
al, the levels of Flag—tagged SUPT6 gradually recovered ( F=410.9,226.8 ,both P<0.001 ). SUPT6 degradation in positive clones
led to a reduction in stem cell pluripotency. Conclusion: The constructed SUPT6—dTAG cell line is capable of achieving acute and re—
versible degradation of endogenous SUPT6.

Key words SUPT6; CRISPR/Cas9;dTAG ; embryonic stem cells
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longation factor gene, SUPT6 ) J&— P 7E J& R % s (1) 1:f
P A A% MR A 0 5 SRR i AR A AR AR
H . W5 ditiE SUPT6 5 G141l (embryonic stem

cell, ESCs) W & & 45 I+ B9 R 5 AH G, o] LA
TANML 43Pk % & L, SUPT6 R A T LG 5 ESCs 1Y
MBS, ABFFEHI T dTAG RS2
TE/NER ESCs 2R A T SUPT6 U FE A 240 i
%, JPEE TR B AR BORE 1, TR AR
SUPT6 #H FH U RESEE 24l o

1 MRE5FEE

1.1 %3AH  CRISPR/Cas9 ik PX459-PITCh,
BSD-P2A-3xFlag—FKBP 127" {447 {4 oy A 5216 2
HERAE , NG T 40 V6.5 A &I 3 ATCC
AL PE AR KE DMEM 35575 Opti-MEM 73758 i
PRI BRAR TR R B R O LN AR - L4
kM (glutamax) W H Gibeo 23 F] , 3F 0 75 & FE R
(non —essential amino acids,NEAA) B Fi #& £ BE |
CHIR 99021.PD 0325901 /) B 11 1fiL 955 41 il &1 5
(leukemia inhibitory factor, LIF ) \BAE BT Flag B3 .
M4 A% 2 (puromycin ) AR FEJE # 2 (Blasticidin, Bsd) |
dTAG-13 1§ H sigma 7 7], Lipofectamine 3000 , J A
2] DNA $#EHUEUH &0 - Invitrogen 23 H) ,BbS T |
EcoR I .BamH I 4 [ Thermo Fisher Scientific 2\ 5],

T4 MG . B3 ORI £ . 2xRapid Taq Master
mix W {5 4EHE 2\ B BCIP/INT B3 P R i iS4 (b
R A A TAEY AR B IROrA IRAH]

CCK-8(cell counting Kit-8 )i &I F 2 KA H],

$t SUPT6 4edii Bt Tubulin %25t H Proteintech 23] o

1.2 %Ik

1.2.1  Supt6 sgRNA it BTkt g P4 e 7
UCSC Bt 2 iR 2 B Supe6 FER MBS 24115 8

RSB P2 S it 1) 2 B P SR IR 6 8 1Y sgR-
NA, F51} GTCTGATTTTGTGGAAAGTG., H sgR-

NA F#5 ITE PCR AU FEATIR K S BT U
45k, IRKFRT N 94CHEMEIER E IR . PX459-
PITCh AR ] BbS 1 BAE 37°CKI D) 1 h, il
DI AT AL IR B UK O F VIR I o 47 [ Wi )l LT 280
RH sgRNA XUHER ] T4 JESERGIESE, FIRHHE 4 h
JE R A R IRGZ S A stb13 th o PRI
ATEEIATINT, TSRS Supt6 sgRNA 51k
FrHext e BIAESH G P G S IUBOR ] T 5 225250

122 Supt6—dTAG A BRI A S # 7% PCR %5E

MG sgRNA DIFIAL 73 5l 2 UK 20 bp 4 5[]
TN 3/ [ RS IR BT PCR 514, 5IHITH) I3k
1, DL BSD-P2A -3 xFlag—FKBP127" g 5 4 JF 17
PCR o PCR Z5fFH 98CTHETE 1 min, LA 98°C

30 5.52%C 20 5.72°%C 30 s fE ¥ 32 ¥ ,72%C 10 min,
16°C4 1LV . PCR #1741 025 bp, ¥ PCR =¥
AT A% PR UK 30 TE K R 0L A7 8 2% i VD1 °F ke ik
A7 I B, RIS =415 FH EcoR 1 A1 BamH T #E47 L
Y1, B alifJ5 5 R EcoR 1 # BamH
[ B8 BSD-P2A-3xFlag-FKBP12™ [y K k47
T4 IR o W3R W) A 2 A2 A A stb13
o, JRPRECRAS s RERR YR . IR T R TR
PCR %7E ,PCR 59124 EiR514), PCR 4110 94C
75 10 min, YA 94°C 1 min.52°%C 20 s.72°C 30 s &
¥R 30 ¥, 72°C 10 min, 16°CZ 112 37 . PCR F=¥)3E4 T
TR FL UK A 7 PR e, B X BECA HL0 , B XS
W8 BSD-P2A-3xFlag-FKBP12™" #i# ., 4 FHYE 58
Rt — 20 SiE, D ¥ 45 2R 55 BSD-P2A-3xFlag—
FKBP12P 5 P H EA T HLXT, 3563 1E ff 1) e
GEPRIUTORI R H o
#1 HWHARPCRIE34

Tab.l PCR amplification primers of target fragment

FLR LK 5l¥RFEH(5'—3") F':%(})p)
F:GGAATTCGCATCGTACGCGTACGTGTTT-
Supt6-dTAG GGAATGTCTGATTTTGTGGAAAGTATGGC- 1 025

CAAGCCTTTGTCTCA
R:CGGGATCCGCATCGTACGCGTACGTGTT-
TGGTTCTGACTCTTCGGCCTCACTCTCGA -
C-GAAGTCGGACATAGATCCGCCGCCACC-

CGACC

1.2.3 4% e 2Py S B0 v e 240 i 5 R 4 %
£ HU 15 pL Lipofectamine 3000 fiI A 200 L Opti-
MEM 558R 5 5 &R 5 min, B PX459-PITCH-
Supt6 sgRNA F1 BSD —P2A -3 xFlag ~-FKBP12"" —
Supt6 JFRI4S 3 pg 5 12 pL.P3000 7£5 200 wL Opti—
MEM #5575 R A), 4 FH IR E RS 20 min.
fd ] 200 WL Opti-MEM $555 B &k 2x10° ~V6.5 4
JH, B A RS DNA ZIRIR S BT 37°CHI s
246 30 min, fH 0.1% WAL 60 mm 20 1%
FRIL, [RIREE T 37°CHMIEE 246 30 min. KHfd bk
) £ 455 3 0L AR W BT, LA 5 mL V6.5
Y85 3R I B A MR RO A S SR L 25T, A
37°C.5%CO, WA FRFE T FR . 24 h J5 40
A 1.5 pg/ml EERSRE ) A1 IS R SL AR S 1T 5%, 1
it 24 h JEEHE A 2.5 we/mL SRR E 2 1A
FRIEEEFE 7 do PUHEIE S A6 BB AR
PR PRI o R I B T bk 1 24 FLAR
B OB T REAN MM 50 L 40 i 24 g v A
1 pL AR K, RAFET S5CERB TR, U
FRIGEHRZH DNA, 7E Supt6 sgRNA YIENL 5 Fa | 3%
KIZH F it PL/P2 — XS5 14, 7Eid AJF5 ik
1T P3/P4 —XFINFE 51, 4858 5 17 5 3% 2, Bk
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X RECAH,0 A1 WT 4L ZHDNA . ] 2xRapid
Taq Master mix #4173 RISEE PCR, MK FR R 2x
Rapid Taq Master mix 10 pL JEKIZIDNA 2 pL( £ 350
ng) . BRI IHI(10 pmol/L) 4% 0.4 wL £ B FK 7.2
pLo PCR M8 190 B AR MR FEL DRAS I A 25 5 FH
PEvCRE . FF B sE RN S 11 P1/P2 O3 1S ™)
PEATINRE , FA5 00 P4 2R A 7 B9 e
&2 PCREZE ATAG BAFFISIH
Tab.2 PCR identification of dTAG insertion sequence primers

FIL RS BIYIFHI(5—3") =41 (bp)
Pl  AGCTGTGGTATATAGCTACAAGGA 364(WT)
P2 CTCTAGGTACCACCTCGCCT 1 267

(SUPT6-dTAG)
P3  AGCAACGGCTACAATCAACA 338

P4 AACCAGAGGGCAGCAATTCA

1.2.4  CCK-8 S50 174 Bl 1 il 4 €20z 0 FBH 14 o
BE Ry BGBE N34k VEEL 2 .4 S BHTETEREVE N AR
T E TR, CCK-8 SLIRFETE 96 FLAR AL
B 500 M4, FERTSR 24 .48.72.96 h JBEfLIN
A 100 WL 55323 H1 10 pL CCK-8 AR TR S
BT 37°C.5%CO, iM% F=46 LI E 1 h, 75
450 nm A0 W G RE DL AR WT 40 B AN BH P S R
MG FEAR B . PR BRI e (555 7F 24 FLAR AL
A2x10* N, B 37°C .5%CO, 140 M5 3546
HiEE SR 48 h J5, IxPBS S nh e AR , 4% %
S I 2 R [ 2 0B 5 min,  FRURE ] 1xPBS 220
WP Y, J A BCIP/INT Ba Ik s iR i s )
BAARF, A 37°C.5%CO, F40 M55 I 48 ket
I 30 min J5 B TOEF B PSR, DL
WT 24t it A1 BH M w09 43 A0 A B2, 293T 248 fitd S B
PEXT B

125 HEARPEENTLEE MR 12 fLikE

FLETA 8x10* 40, 557 48 h J5 K MRIPA %
V43 ) S e WIT 2 e AR BH M o A 4 i L 3R B4 4
MEA, MAEAZBRGET 95CL R E

A PX459-PITCh B
Marker Bbs 1

5 000 bp
3000 bp:
2000 bp

1500 bp
1000 bp
750 bp

250 bp

10 min, BB  BCE W AR E 4% 53 B e
W 6% ML, FRFL L FEL) 2x10° P A S R R
DLEAT 58 TN M TOE i ¥ e (SDS—PAGE ) FEL Yk, HHL K 4%
HJE 300 mA fH LK EIRE 2 he FH IxTBST i &
5% Ml A=W B AW, =BT 1 he IXTBST B & —
PL(SUPT6 1:2000;Flag 1:5000;Tubulin 1:5 000),
ACHEIRIF & — Pt 0 IXTBST T PR 3 ¥k, Bk
5 min, 1xTBST it & 475 (1:20 000), EIEFEAKEF T
1 h, FRR PR 8 ] ECL A2 &G, W Ht
Flag PLIAAE 5 194 TCLL &t SUPT6 Bl (s 510 &
H oA RS AR L

1.2.6 & A Bl 5 0 N IEPE SUPT6 [ fif e
PR L2 5 B s B A TR RS I 12 LR
LA 8x10* A FE AL 7% 48 h, (A
e 100 nmol/L dTAG—-13 43 51 4b B PH 1 72 % 0.
0.5.1.2.4.6 h j5 e g2 B F IR T A e
PEEIVERAIE, 5] 1.2.5, $ M TERE ] dTAG-
13 407 2 h DA N EPE SUPT6 58 4 i o , s
dTAG-13 4kZ2153% 0.0.5.1.2.4.6 h, WEE T
s A RAIE, iR IR] 1.2.5. S SR
Image J 737 o

1.2.7 BB AR A YL RGN SUPT6 [t Jo 20 i 43
R 24 FLARAEFLETA 2x10* AN FHYE sE R4 Y,
38 12 h Je (il M E 100 nmol/L dTAG-13 43 it
1 0.24 .48 h, A TIRIEBERR YL (2, TR 1.2.4,
1.3 %t s 48 ffi ] GraphPad Prism9 #1745
Br, SER BRI ES 3 K. A A IERS TR
B x+s T, UL HCRCR T L H E Oy 22 0 i
(One-Way ANOVA ),P<0.05 & SA G FE L,
2 R

2.1 PX459-PITCh-Supi6 sgRNA Ji 4y 3 & % 52
PX459-PITCh ZARMFUIIE ik 204, Ha UKk S ik 45
HILE 1A, Supt6 sgRNA 5282 P 12 i 1
7 LEXT IR, L XTS5 UL IR 1B, 4l AT 5130
sgRNA S84 UL,

Supt6 sgRNA

ACACCGTCTGATTTTGTGGAAAGTGGTTTT

100 bp

230 240 250

¥ A 34K PX459-PITCh HIFYI % 5E ; B: JFUki PX459—PITCh—Supt6 sgRNA (R FFEGIESS H  IRFE#R />4 Supt6 sgRNA 751
1 PX459-PITCh-Supt6 sgRNA FHitIE R EE
Fig.1 Construction and identification of PX459-PITCh-Supt6 sgRNA plasmid
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2.2 BSD-P2A-3xFlag—-FKBP12P"—-Supt6 Ji ¥ #) 3%
B PCR §7HE3K45 1025 bp BRI S, B H
B AR R B, H K B IESS S ULIEl 2A . BSD-P2A-3x

Flag—-FKBP 127" 2 (A il U1 JE i 2 3 000 bp 194k 1
AR BT R vk A5 SR LR 2B, S ERYE PCR %8
SEHEREFY), o 1.2.3 SRS B, BLEI2C

5000 bp-
3000 bp-

2000 bp—
1,500 bp-

1 000 bp-
750 bp—

500 bp-

250 bp-
100 bp—

A HER B Supt6-dTAG i AJF1] PCR 9714l Yk BA1F 5 B : #4& BSD-P2A-3xFlag-FKBP12"" 9 #§1J] % % ; C: BSD-P2A-3xFlag—

FKBP12PV-Supt6 FTRLEETE PCR 4B S5 , AN HE 7K BHEXT I 201K BSD-P2A-3xFlag-FKBP12 fi4f ; 1~3: 1~3 5 FikL
E 2 BSD-P2A-3xFlag-FKBP12™"—Supt6 fFiitaeE B EE
Fig.2 Construction and identification of BSD-P2A-3xFlag-FKBP12""-Supt6 plasmid

2.3 SUPT6-dTAG SN2 % 22 5 B Z X i
AT R RS WoR, Z5MRE1Y) P1P2 4
HAJE WT A 364 bp,2.4.5 5 5o b HAFTE
—/> 1267 bp (2645 s 2514 P3P4 1S, WT

MITC 671, T 2.4.5 5 TE R I A Sk ) 338
bp BYZ&HT, UL 3. FeA ik 2.4.5 53k 3 44l

AP TIRE

2.4 SUPT6-ATAG 48 fe % 5 ¥ £ & 2m g, 4238 58 Fe
sAeegbs BEE 2 4 S5 M SRR M AR Y
BHTIRES, WK 4A Fis, PR S
WT 4 34 5 ph 4% 5 B 8 & (n=3, F=0.014 19, P>

0.05). JEA2MEH —PAESE 2 4 5 rabEgEdy 1
‘%T
Q@ﬂ (?;{%/Q\Q 4 5

5 WT 4 ARl B AR ARHE, WLIE 4B, N 4C
R, 2.4 S 0akES WT 20 02747 78 Bl P o 6 1 1%
P T 22 BUARRAE P
2.5 HY IR fzfmi SUPT6-dTAG @i 10
K15 s A Flag SURKHIESARCRES,2 .4 5 FH
P 58 ARSI 4 AP 51 H 1 Flag BR25 10 WT 4i
TeAE 5 5 8 TN E SUPT6 HLAARK B 2.4 5 [
P FERE Y SUPT6 4%y T4 AP 51 I IE #2451
A AT WT 40M0E W 5 .
2.6 dTAG-13 % SUPT6-dTAG #m it & ¥ 1 R E
SUPT6 &bk 715 FEfiE  ATAG-13 5 &M LK B
7, 203 2 h BIAESCEL SUPT6 & M52 4R, 50 h
8 9

6 7 10 11

WT 364 bp
P1+P2
SUPT6-dTAG 1267 bp

P3+P4 338 bp

T BIP BR W P AR A (BRI X R AL BE PRI 20 DNA; 1~11: 1~11 5 5e SR 4] DNA
B3 SUPT6-ATAG BINMMREILRLEE
Fig.3 Construction and identification of SUPT6—dTAG knock—in cell line



3 T2, 45, ih SUPT6 /UG T4 dTAG 41 & 197 s BB IE 235
A B wWT A SUPT6-dTAG-Clone2
15- +dTAG-13 Oh 05h 1h 2h 4h 6h
N - |1
Clone2 250 kD- i ag
Clone4 > : ~—
y SUPT6
= Lot SUPT6 dTAG Clone2 250 kD- = —
s ns o < . ——— - .
13 50 kD-| S c———— lTubuhn
a
S osp o L5 Flag
— = I SUPT6
SUPT6 dTAG Clone4 ‘E[
b 1.0HL
obr— v © X
0 1 2 3 4 5 £ stk
Al (d) (DII> 0.5 sk
£l HH# REREEE s
Oh 05h l h 2h 4h 6h
+dTAG-13
B SUPT6-dTAG-Clone2

SUPT6 dTAG Clone2 SUPT6 dTAG Clone4

1 : A:SUPT6-dTAG FH 4 5 B A M4 5H BE 7 5 B: SUPT6-dTAG
PEFEREBE T IS (100x ) 5 C: SUPT6-dTAG BH: 54 1) i R v
PE(100x) , BT I8 Ry 43 fL At 293T , F Bl =200 pum

Bl 4 SUPT6-dTAG HA R 5 EF £ R A TE ST S LR L3R
Fig.4 Comparison of proliferation and differentiation between
SUPT6-dTAG cell line and wild—type cells

a@ a@’

R

WT Qo \0“

250 kD- Flag
— e |SUPr6

250 kD—l» -—

50 kD-[ ——— I Tubulin

5 Western blotting I&iF SUPT6 -dTAG &

Fig.5 Identification of SUPT6 —dTAG cell line by Western blotting
HHEE , Flag BREFRCHY SUPT6 4 A5 5 AN IESUPT6
{55 24 )5 I B MK (n=3, F=617.5.372.4,
P<0.001), W& 6A. 4¥H(## dTAG-13 J5,5 0 h #H
I, Flag #1 SUPT6 15 5 W 2: 9K 52 (n=3, F=410.9 .
226.8,1) P<0.001), ILIKl 6B,

2.7 SUPT6-dTAG #%ajt % ¥ SUPT6 % &5 5 o 5
WwEE L %A 4k —8  SUPT6-dTAG
Y R DIRERIE /R, Bl dTAG-13 55 SUPT6 &
F R A s ] S, 200 i S 0 L 0 22 R st 2 B
TIE, BV B ] 55 i, AS P2 0 IR TR L 30 % H A
() SRR, T2 W AR A5 i °F- N T BT, s R Y
YA IZ T o B, A PR PR AR, LI 7A . [ A
SUPT6—-ATAG il Jid 75 A9 Ak 14 28 i i (%) 3% A o i o5
SR B SE BTG, UL 7B

—dTAG-13 Oh 05h 1h 2h 4h 6h
fige —
250 kD-l - - ! L | Flag

~vy
250 o[ S S | U
5010 Tubulin

407

Kik

Flag-SUPT6 #& [ A4}

o Oh 05h 1h 2h 4h 6h
-dTAG-13

¥ :A:dTAG-13 4bHE SUPT6-dTAG-Clone?2 [ SUPT6 5 F1F4fit K
F(n=3); B: fhe dTAG-13 4bH () SUPT6-dTAG-Clone2 ffJSUPT6 &
PR K- (n=3 ) ; Tubulin: NS H [ ; SR AR FIRPL Flag HUIAKINZ
I, #P<0.001; 5 A FR BT SUPT6 FiAMISERE , +++P<0.001
B 6 dTAG-13 155 SUPT6-ATAG 4B F F iR E SUPT6 HIIR

AR
Fig.6 dTAG-13 induced rapid and reversible degradation of
endogenous SUPT6 in SUPT6-dTAG cell line

A 0h 24 h ~ 48h

T : A:SUPT6-dTAG-Clone2 % dTAG-13 Ab 54 T I &
(100 ) ; B:SUPT6-dTAG—Clone2 £ dTAG—13 AbBH J5 A fidH: i 1 il
HHE(100x ), HfFil R =200 um
BEl7 SUPT6-ATAG 4 & SUPT6 SEMA LT SH LA
TR —&
Fig.7 The differentiation changes induced by SUPT6 degradation
in the SUPT6-dTAG cell line were consistent with its

role in pluripotency regulation
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3 iTig

ESCs HA7 AR Fifie S 2 1 i ae , izt
BT AR L5 5 T4l Octd/Sox2/Nanog £ fE
PP DL SR B . Y@ EE 9 DNA I3
5 FR 38t A2 AH DG ML A0 AE B R T B e 4 v k4
FEAEHT, [FIEF ESCs tAR A B R 2%
EE SR BIRIRIY, ESCs Ay Y (005 25 44 4 ey 4 At A
FER R gibn . HET LA B ABFSER A ve.s gl
FONHISE I DI RESR AL T BRARARAY

S H A R T B L, dTAG RGE AN
TP B R G REfRE A  W0 T5IASMNEZ
KRN T ., Hilid /N7 dTAG-13 AbHFE
SR T 0 A, REME AR IR G AR A A
JC, DA S5 b A Y A 1 B B A R P A
. ZARGLEL T AR N Flag br255, WL
BRSPS L B SRR T AT SRR
g, dTAG REEC LTI FH T 20 8 1 5 1Y D) Rk
WF5E, R RE R B ACR FTRERS A 22 57 B
SR R T AR hyam TR Rk

T ATAG RGAIERY SUPT6 I F ik 21 i
F, Wi AER LA E] B AR R R G (precise
integration into target chromosome system,PITCh) ¥
AREZH T FKBP12PY HR2EAE Supt6 BE N I A5 i
Wb ARG A HFER sgRNA Il PITCh sgRNA
e [F] 5 | T A L RV T 9 R i 4% (microhomology—
mediated end—joining, MMEJ ) AL il #4) #3444 ks 151,
MMEJ AL FIFH 20 bp ff [R1 I 2 $2 5 T b5
B R . 2RI HEAAT 1) b A 3 2o B PRl 7Y
e TE RIVER P AR B S0 1 SR IE , A6 T 21 1E B A3 A
AR Al A B e . BHPE s B4R S WT 41 AH
MR IR AS, BRIR T S SR REIF ST A T 5
PE . dTAG-13 AbFHPH P sa B 2 h B AT 5% 4= % £
SUPT6, M2} 5 R 7K VB Wi A2, ik W 32 4 B o
fift PR SUPT6 et ELAT (i) o] 42 1 A0 ] 3 e ) g 44
TEBHME e 5 S SUPT6 [ , W2 41 g i TE 2
FH B8 14 (R s B A8 Sy Jd P-4 BCIRAS , ELRRME B IR
it 5 W ARG, SR e 2 A0, 5 e B
LR — 0 IR R RHIE T SUPT6-ATAG 4iifiid R
55 SUPT6 Y DIRERI AT ATPE . AWF5EiE T dTAG &
SRR T ADRE eSS SUPT6 [t A /MR ESCs
W0 UE T R e o A A R R s A g ) R
A FR AR SRR TR AS# AT SUPT6 1Y
Tfe B h AV ML PR T B i e A

9% F B, SUPT6 i i 1SH2 25 #4305 B 3L K

Ui 25 #4538, ( carboxyl —terminal domain, CTD ) #§ R 1k

RNA KA 1T (RNA Pol 11 ) Bi4545 4 , sl il 47

5% PAF1 (polymerase associated factor) & & 14 , 2% &

NELF (negative elongation factor) & & 14 LI 5 4% 5%

JE A AU, R SUPT6 5@ i 5 448 11 H3 Al

H3K36 28 H H AL EE SETD2 AH B AR H L4ESF

HEABW>, EA PR K562 40 5

3 T SUPT6-dTAG A AR , I3 aod v 38 0 e 1

T SUPT6 42 RNA Pol I (LI, 4:iE T SUPT6

TG eI R b B SR P, AT HE K562 41

Z R SUPT6 U FEfif 4 i & , AN T4 1Y

/I ESCs SUPTO-TAG 4Hiifi 5, 7EMFSE SUPT6 i

Pt s K FMis LA i ) T SE L3, ELREAS B4

HiFRFT SUPT6 Xt ESCs AL o

TEJ5 ST AR B 5 G (i A e AL D0TE I

(chromatin immunoprecipitation sequencing, ChIP —

seq ) 18 1K % % 221 ¥ (precision run—on sequenc—

ing, PRO-seq) .RNA ] ¥ (RNA sequencing , RNA -
seq ) 45 74 8 L - BE, RGUT SUPT6 2 EFER

X RNA Pol [T BB e (525 15 B e s 4 o

SRR o AR Ny S AW FERE AR 5 s 1%

PR T TR

SE k-

[1] NABET B,ROBERTS J M,BUCKLEY D L, et al. The dTAG system
for immediate and target—specific protein degradation[J]. Nat Chem
Biol,2018,14(5):431-441.

[2] PROZZILLO Y,FATTORINI G,SANTOPIETRO M Vet al. Target—
ed protein degradation tools:overview and future perspectives [J].
Biology (Basel ),2020,9(12):421.

[3] WINTER G E,BUCKLEY D L,PAULK J,et al. DRUG DEVELOP-
MENT. Phthalimide conjugation as a strategy for in vivo target pro—
tein degradation[J]. Science,2015,348(6241):1376-1381.

[4] CLACKSON T,YANG W,ROZAMUS L W,et al. Redesigning an
FKBP-ligand interface to generate chemical dimerizers with novel
specificity[J]. Proc Natl Acad Sci U S A,1998,95(18):10437 -
10442.

[5] WANG A H,JUAN A H,KO K D, et al. The elongation factor Spt6
maintains ESC pluripotency by controlling super —enhancers and
counteracting polycomb proteins[J]. Mol Cell,2017,68(2):398 -
413.

[6] LIJ,XUX,TIWARI M, et al. SPT6 promotes epidermal differentia—
tion and blockade of an intestinal-like phenotype through control of
transcriptional elongation[J]. Nat Commun,2021,12(1):784.

[71 SEO Y,SHIN K H,KIM H H,et al. Current advances in red blood
cell generation using stem cells from diverse sources[J]. Stem Cells
Int,2019,2019:9281329.

[8] EBRAHIMI M,FOROUZESH M,RAOUFT S, et al. Differentiation
(F#:% 250 W)



250

At EHKREZR

ERIE

[19]

[20]

[21]

blind randomized clinical trial[J]. Diabetes Res Clin Pract, 2019,
148:1-9.

GARCIA L A,KING K K,FERRINI M G, et al. 1,25(0H), vitamin
D; stimulates myogenic differentiation by inhibiting cell prolifera—
tion and modulating the expression of promyogenic growth factors
and myostatin in C2C12 skeletal muscle cells[J]. Endocrinology ,
2011,152(8):2976-2986.

ANDRES V,WALSH K. Myogenin expression , cell cycle withdraw—
al,and phenotypic differentiation are temporally separable events
that precede cell fusion upon myogenesis|[J]. J Cell Biol, 1996, 132
(4):657-666.

ENDO I,INOUE D,MITSUI T,et al. Deletion of vitamin d receptor
gene in mice results in abnormal skeletal muscle development with
deregulated expression of myoregulatory transcription factors[J]. En—

docrinology, 2003, 144(12):5138-5144.

(EH% 236 1)

[

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

of human induced pluripotent stem cells into erythroid cells[J]. Stem
Cell Res Ther,2020,11(1):483.

DIVISATO G,PASSARO F,RUSSO T,et al. The key role of micro—
RNAs in self-renewal and differentiation of embryonic stem cells[J].
Int J Mol Sci,2020,21(17):6059.

VARZIDEH F,GAMBARDELLA J,KANSAKAR U, et al. Molecu—
lar mechanisms underlying pluripotency and self-renewal of embry—
onic stem cells[J]. Int J Mol Sci,2023,24(9):7894.

ELKENANI M, MOHAMED B A. Murine embryonic stem cell cul-
ture , self—renewal , and differentiation[J]. Methods Mol Biol, 2022,
2520:265-273.

CHEN G, YIN S,ZENG H,et al. Regulation of embryonic stem cell
self-renewal[J]. Life (Basel ),2022,12(8):1167.

HASSANI S N,MORADI S,TALEAHMAD S, et al. Transition of in—
ner cell mass to embryonic stem cells: mechanisms, facts,and hy -
potheses[J]. Cell Mol Life Sci,2019,76(5):873-892.

RAUTH S,KARMAKAR S,BATRA S K, et al. Recent advances in
organoid development and applications in disease modeling [J].
Biochim Biophys Acta Rev Cancer,2021,1875(2):188527.
SAKUMA T,NAKADE S,SAKANE Y, et al. MME] —assisted gene
knock —in using TALENs and CRISPR —Cas9 with the PITCh sys—
tems[J]. Nat Protoc,2016,11(1):118-133.

CONNELL Z,PARNELL T J, MCCULLOUGH L L, et al. The inter—
action between the Spt6—tSH2 domain and Rpbl affects multiple
functions of RNA polymerase II[J]. Nucleic Acids Res,2022,50(2):
784-802.

AOl'Y,SHAH A P,GANESAN S, et al. SPT6 functions in transcrip—

[22]

(23]

[24]

[25]

[18]

[19]

[20]

[21]

[22]

(23]

[24]

LING Y, XU F,XIA X, et al. Vitamin D receptor regulates prolifera—
tion and differentiation of thyroid carcinoma via the E—cadherin—f3—
catenin complex[J]. ] Mol Endocrinol ,2022,68(3):137-151.
MURALIDHAR S,FILIA A,NSENGIMANA J,et al. Vitamin D -
VDR signaling inhibits wnt/f —catenin —mediated melanoma pro —
gression and promotes antitumor immunity [J]. Cancer Res,2019,79
(23):5986-5998.
JHO E H,ZHANG T,DOMON C,et al. Wnt/beta —catenin/Tcf sig—
naling induces the transcription of Axin2,a negative regulator of the
signaling pathway[J]. Mol Cell Biol,2002,22(4):1172-1183.
HURASKIN D, EIBER N,REICHEL M, et al. Wnt/p —catenin sig—
naling via Axin2 is required for myogenesis and , together with YAP/
Taz and Teadl, active in Il a/ Il x muscle fibers[J]. Development
2016, 143(17):3128-3142.

(2024-12-02 i)

tional pause/release via PAF1C recruitment[]J]. Mol Cell, 2022, 82
(18):3412-3423.
EHARA H,KUJIRAI T,SHIROUZU M, et al. Structural basis of
nucleosome disassembly and reassembly by RNAP Il elongation
complex with FACT[J]. Science,2022,377(6611 ) : eabp9466.
NARAIN A,BHANDARE P,ADHIKARI B, et al. Targeted protein
degradation reveals a direct role of SPT6 in RNAP Il elongation and
termination[J]. Mol Cell,2021,81(15):3110-3127.
WINKLER M, AUS DEM SIEPEN T,STAMMINGER T. Functional
interaction between pleiotropic transactivator pUL69 of human cy—
tomegalovirus and the human homolog of yeast chromatin regulatory
protein SPT6[J]. J Virol,2000,74(17 ) : 8053-8064.
OQANIR K,LIN T,LEE J E, et al. Iws1 and Spt6 regulate trimethy—
lation of histone H3 on lysine 36 through Akt signaling and are es—
sential for mouse embryonic genome activation[J]. Sci Rep,2019,
9(1):3831.
YOH S M,LUCAS J S,JONES K A. The Iwsl:Spt6:CTD complex
controls cotranscriptional mRNA biosynthesis and HYPB/Setd2 —
mediated histone H3K36 methylation[J]. Genes Dev,2008,22(24):
3422-3434.
LI S,EDWARDS G,RADEBAUGH C A, et al. Spnl and its dynam-
ic interactions with Spt6, histones and nucleosomes|J]. J Mol Biol,
2022,434(13):167630.
ZUMER K,MAIER K C,FARNUNG L,et al. Two distinct mecha—
nisms of RNA polymerase Il elongation stimulation in vivo[J]. Mol
Cell, 2021,81(15):3096-3109.

(2024-11-11 1)



