#4645 101 B R ERER 2 2R CHARBHERO
20264 10 H Journal of Nanjing Medical University (Natural Sciences) * 1437

s TR AFHES o

PUS7 1833 mRNA {RFREIELIAIZEE A B HiZPBZIE R o
1k -1

A, F A B

VIR T S R A B A vh ot B R BE R R SR AR I 2 G A R A I R SRR IR R, TR IR 2150025 7R At BR
BERZE AT 2 5 TV R A s =, VL5 mi st 211166
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[Abstract] Objective: To investigate the role of pseudouridine synthase 7 (PUS7) in neural lineage differentiation of mouse
embryonic stem cells (mESCs) and to elucidate the involvement of mRNA pseudouridylation in this process. Methods: A Pus7 -
knockout mESC model was generated using CRISPR/Cas9. qRT-PCR, Western blotting, immunofluorescence, CCK-8 assays, and flow
cytometric cell-cycle analysis were performed to evaluate the effects of Pus7 deficiency on pluripotency, proliferative capacity, and cell-
cycle distribution in mESCs. Embryoid body (EB) differentiation and directed neural ectoderm differentiation were conducted to

systematically assess the impact of Pus7 deficiency on lineage differentiation propensity. Differential bisulfite - induced deletion
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sequencing (BID-seq)and RNA sequencing (RNA-seq) analyses, together with pathway enrichment analysis, were further performed to
identify potential mRNA pseudouridylation - regulated target genes. Results: Pus7 knockout did not markedly disrupt the core
pluripotency network of mESCs but led to reduced cell proliferative capacity accompanied by G1 - phase prolongation. During
spontaneous EB differentiation, Pus7 - deficient cells exhibited enhanced ectoderm - related programs, particularly neuroectodermal
programs. During directed neural ectoderm differentiation, Pus7 deficiency enhanced neural progenitor cell programs, whereas
maturation -related programs of neurons were impaired. Integrated BID-seq and RNA -seq analyses revealed that a subset of neural
connectivity - related transcripts, such as neurexin 3 (Nrxn3) , ADAM metallopeptidase domain 23 (Adam23) , plexin D1 (Plxnd1) ,
solute carrier family 1 member 1(Slclal), unc-51 like autophagy activating kinase 4 (Ulk4) , and Abelson helper integration site 1
(Ahil), displayed concurrent reductions in pseudouridylation and mRNA expression. Conclusion: Pus7 deficiency prolongs the G1
phase, enhances the neuroectodermal differentiation propensity of mESCs, and reduces the pseudouridylation and expression of neural

connectivity-related mRNAs, thereby promoting neural progenitor cell programs while impairing subsequent maturation and disrupting

the balance of neural lineage differentiation during embryonic development.
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RG> B A A B o R K v S 4
HIDE ARG B R, R IR 48 M 7E it 7
BEZLE R 1 2 e IR, SRR TERS 24 I (AR
FEFFRENRFE W 2o TR TR, Bl A
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i AT JVR 6 4 L i S S 5 ) e s R B E R R
BV AR BT )

1B JRIELE (pseudouridine, W) 7& RNA _F ¥ WL
5B 22—, T Z AA1E T 1% & RNA (ribosomal
RNA, rRNA) . tRNA. /M % RNA (small nuclear RNA,
snRNAD S mRNA H, FEAH M 3% R fivie toe A A &
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Fex AR dnia.

R O IEHE 3R PUST 544 R 50 578 A
K, {H PUST 7E 5L 28 38 2 20 A6 1 4 F AL A1 A
Lo mRNA WALAE AP ERT M ANTE R . i AR AR
fa K B E A%, M UL E MR T A B B A
HIF 5 R FH /)N BV IR F 48 Jfl (mouse embryonic stem
cell, mESCOAAMUMEAR B 704k A 2 SN JZ 5 [7)
AR & G IR IR 2R 5 T B 2R I P (bisulfite-
induced deletion sequencing, BID-seq) Fl1#% 5% 24 7
(RNA sequencing, RNA-se) W& 737, RGP Pus7
BRI R A HIRENE, JRRT S mRNA Wik
RIZZ IR R

1 MRIFAE

L1 M4

AW FE T A R 480 B 22 9 mESC ([ R 2 B
ST T ) AF < 20 I S 36 24 42 IR S 06 5 AR ) %2
S AN BB TR AE T e

2 it 5% 5% AH 22 1R < B BE 97 2 (Dulbecco” s
modified eagle medium, DMEM)DMEM/F12 3575 % |
Neurobasal 55 77 & . N2 I 155 B27 IR 071 (Gibeo 2
"), 2 [E ) ; CHIR99021. PD325901 (Selleck 2 ] , &
)5 [ I 975 #1 i] Bl - (Jeukemia inhibitory factor,
LIF) (Sigma 23 5, 2 [F) ; £ 5 i Matrigel (Corning 23
A, 5 ED PL & A e A 4E H R (retinoic acid, RA)
(MCE 2 7, 22 15D . RNA $2 H5 Hil AH 5% K771
TRIzol i 7| (TaKaRa A #], H 43) \ HiScript I qRT
SuperMix /% #% 5 i 71 & . 2 X ChamQ SYBR ¢PCR
Green Master Mix(Fd 5% Vazyme A 7))o 210 & HHASI
A AR : AZHEAZ IR B A (ribonuclease A, RNase A) 5
AL PARE (propidium iodide, PD (_ i Sangon A 7))

i 536 2H ST FE L) 2 A H VAHTS Universal V10
RNA-seq Library Prep Kit for Illumina ( F§ 5% Vazyme
KA o GPERTI A R LA : PUST SRY -box Fe 3% [
¥ 1(SRY -box transcription factor 1, SOX1) (_F i Ab-
cam 24 7)) 3 SOX2, NANOG [ £ 25 1 (NANOG ho-
meobox, NANOG) HT & « Kruppel ¥ [A ¥ 4 (Kriippel -
like factor 4, KLF4) | it % % %% 5] 6 (paired box 6,
PAX6)  J\ R & 45 & ¥ ¢ A § 4 (octamer - binding
transcription factor 4, OCT4) - H 71 & - 3 -1l 2 A & 1
(glyceraldehyde-3-phosphate dehydrogenase, GAPDH)
(I Proteintech 2 ] ) o —H1 B4 : Goat Anti-Rab-

bit [¢G H&L (A JE Biosharp /A 7] ) \ Goat Anti-Mouse
IgG H&L (X Abclonal 22 7)) | Donkey Anti-Rabbit
I¢G (H + L) Highly Cross - Adsorbed Secondary Anti-
body. Alexa Fluor™ 488 (Invitrogen A &), 3£ [E) .

12 7k

1.2.1 mESC3EAKREHEFALK

7 2 7 (wild type, WT) mESC Fl Pus7 2 [R] i [
(Pus7 - knockout, Pus7-KO) mESC ¥ 7E & 2i/LIF #)
N2B27 & & H, F 37 °C.5% CO, 55 7% 56 W 4 FF 1%
T CH P P IE B2 809% I A FH IR AT IS AL A 4K,
A0 O 9 2H 75 AH [ 62 46 25 B R0 A I A% AR 3k AT
JE BRI, TN E R N S v B A 4K
NREAR TR, R AR R . @il
FRAR PEAL Pus7 B2 75 3 80 B 0 BERRIR S 7
122 mpasg

K Lonza H1 %% & 2 £ 4T CRISPR/Cas9 #H 2% )5
FikE g, BRRELZ) 1.0X10°AN L, N Cas9 TR AN
X HL 5 ) RNA Csingle guide RNA, sgRNA)D #744, 1%
MR AR AU PR P e R . LRI BRI,
i I L P 78 PCR 975 128 BH 12k 5 I
123 Pus7 2 B &% mESC #)32

K Fil CRISPR/Cas9 % R 4 45 4 AR 4 4 Pus7-KO
mESC AL . 7F Pus7 55 K 26 2 A2 3 41 8 7 X 3k 1%
11 2 2% sgRNA, H &[] )7 %1 43 5 2 5" - GCGCAG-
GAAGTGACGTCTCC-3’ #1 5" -CACC-TGACTTTTT -
CACCTCA-3', 5 H##IX 38 300 bp Bt UIBR, &
it 7 4 R AL FE R SR AR, I it J Pus7 25 R T E %
%o ¥ Cas9 J sgRNA AH OG5 ka1 L% 77 LR
WT mESC J&5, ff IR 8 3R ik 3 d, LA'E S 44 FH
PEAHMD . 24 0 485 o gk 2 8 9%, A R IR 25 R e It
R B A IEE E G, 8 o) 1% SR A R A e P
I8 J %o % 34 P o o 0 B E AT 9 3G 5 7, SRR R 4H.
DNA F£iE47 PCR 748, i3 B IR W e L Pk 920 2
S8 SE DR Y, I3k — 25 R I # A B bR B BL B 1
e WT mESCAE X IE . F 35 DR B 1) sgRNA
75 Je HE R B 5 52 51 )P H W 1
1.2.4 Western blot 5% 3&

RIPA 2R A . BCAVEERF A
REZEMR, T 98 CAEME 10 min. B FAFEfH 42 SDS-
PAGE 7y & J& , ¥ % % PVDF [, 5% it g W5 83 75 T
B h, I —H14 CIFE L&, 70 HRP #512
TPLC1:5000) IR E 1 h, ECLAL 2 & R
IFRERBK . W E A F LA HE PUST. OCT4,
SOX2.NANOG. KLF4 1 PAX6 (1:2 000D, PA Tubu-
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Table 1 Primer sequences used for identification of knockout cell lines

Name

Primer sequence (5'—3")

Pus7 identification primer

Gapdh

Forward: AGTATAGAAGTGCATGTGCTCCA
Reverse: AGTCACCCTTTAGTTAAGCACAGA
Forward: AGGTCGGTGTGAACGGATTTG
Reverse: TGTAGACCATGTAGTTGAGGTCA

lin.GAPDH(1:5 000 1E NN 2,
1.2.5 RNA#RIR

41122 TRIzol 24 J5 AT S A7 P2 AN R N DT
VE 5 75% T e % RNA PLIE J5 » F 76 RNA Bl 7K %
fit o K FH NanoDrop £ ] RNA ¥ BE R 40 BE , A 4%
i TR T80 CLRAT, FH T J5 82 qPCR AT
12.6 %tz &PCR

1 I TRIzol {7 $2 LS RNA, M 52 RNA 9K & .
U1 g & RNA, {4 A HiSeript I Q RT SuperMix i
AW cDNA. KA SYBR Green 4 & 475K
I 7% Y6 & & PCR, Gapdh {E NN S . Bl £
P A 9 HE K] (Oct4 Sox2 < Nanog KIf4) « = I JZ HH 5%
F K] (Sox I« Pax6~ Bmp4 Kdr~ Sox 17+ Gata4) « 1 48 73
A #H 5% 2 R (Sox ! < Pax6 Map2~ Neaml < Aldh1l1) %
i 36 40 42 3E PEFE IR (Nrxn 3+ Adam?23 <« Plend 1\ Slelal
Ulk4Ahil) o FAFEAR BB R E S, I 27449
THEA X RIB &, FEE R D 3 ML A )2 G A
ik FIAT S b ST AR 2.

1.2.7 CCK-8 4]

PAEREFL 2 000 /™ 4H A 1 % £ H2 00 T 96 FLAR , 4
BITEHFN S 6.24.48 h I\ CCK-8 T-AE#, 37 “CHi?
H 30 min J&5 T 450 nm Kb HUR O . RR AR ROG FE
AP Ak AN [ B T 551 %) 200 B3ty 70 RS B e
1.2.8  #m e B A4

Y PR T 6 FLARUG , 148 5 i IR) s s i 3 LA
70% T[] 52 o [ 32 40 il 22 FACS buffer 16 %5 )5
BTN % RNase A Fl1 PLIGL 3, 1E 37 CilELIF H
30 min. FEA_LHLIGEIERE PEEE RS PLE A5 S,
FHHI FH FlowJo B AFULA 41 M & B 73 A, G2t G1.S Al
G2/M LA
1.2.9 4R (embryoid body, EB) 7 A&,

KHABMEETEB LR R . ¥ 402l
WEEZE 2 000125 L, T 0T 5577 M5 T R s
552 RN TE B EB B NARIR B 5 2 0R 4k 21 15 5%, %
53 AIAE dO.d3 Fl d5 T IS R S REAEE . AT
B 37 B AR 10 3 BB K/ T S 5 R T e S 1
Blo WERFEASH T RNA $2HL. qRT-PCR F1 RNA-seq,

PL BT = IR 2 RN 22 RE AR G R M R IB Bh 45
1.2.10 A% A0 ) 54k

Matrigel T0 60 4 55 75 0, % iR CE 1 h, B Hh
mESC J5 VA N2B27 &5 S5 R LG 78, TR &
H2 RKINN RA AR Z 2 17904k RA il &
WA E D9 10 mmol/L, & L EL 2 L iff 4 W A
N2B27 K5 Fp ko, Al 15 FR ik RZAAR Y 2 mL, RA %%
W10 wmol/L. 73 Jl7E dO~d3 F1 A5 UEEFEAS,
TIEAME  RNA/E AR A 44T
1.2.11  @mfe &7z 3 A bR X #r

F 20 P B AT B B R AR R, 4% 2 T F RS [
5E J5 LA 0.19% Triton X-100 8% , {# F & BSA 1 IE
I 37 B4 P P JE N SOXT —$1.(1:200), 4 C
W E . H BRSNS Pt (11 000D,
DAPI 5% Hoechst (1:1 000) & Y4 A% 3 -, 18 9%
JEW A N RERIR . v &4 T SOX1 FHPE4H i
EEAB, 4340200 LY A S B B T e AL R AR
17 R P et A8 R IR A B AR TS 5, Flow]o #1044
i1t SOX1 B,

1.2.12 RNA-seq & & #= BID-seq i &

FH TRIzol £ 32 B RNA, FF RNA -seq F1 BID-
seq & . RNA-seq 3C A8 FH i Mk 77 & VAHTS
Universal V10 RNA-seq Library Prep Kit for [llumina,
T U0 B A 58 O S FFAE Tlumina “F & 3247 X I
J¥ o BID-seq 3C 2 & SCHRFRIE 1) BID % FE 75723 56
APV, S AR 2 S B B E R . &
VMG B A AT BRI X Rk R PR
ZER N PCA KX GO & 855 . {fH] DESeq2 tiH47
RNA-seq Z 7 RIE 7T, 2 573 A it H] Benjamini-
Hochberg 77 % #4712 1, 3 € b #E 8 P < 0.05 H
llog fold change (FC)I=1. BID-seq ff H limma 317
7 R PR s WE A2 M 4K 73 #7 5 3F FH Benjamini - Hoch-
berg J7i%X} 2 B v 0 45 k4T FDR R IE, 2 7 Wik
FE PRI 53 07 328 b v B R B R (false discovery rate,
FDR)<0.05 H. llog, FCI=1. J5%:# H clusterProfiler
AT GO B &7 #r, B % 45 R FH Benjamini-Hoch-
berg K2 1E, & EVEHIWARAE )y P < 0.05.
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Table 2 Sequence of qRT-PCR primers

Gene Primer sequence (5'—3")

Nanog Forward: TCTTCCTGGTCCCCACAGTTT
Reverse: GCAAGAATAGTTCTCGGGATGAA

Oci4 Forward: CGGAAGAGAAAGCGAACTAGC
Reverse: ATTGGCGATGTGAGTGATCTG

Klif4 Forward: GTGCCCCGACTAACCGTTG
Reverse: GTCGTTGAACTCCTCGGTCT

Sox2 Forward: GCGGAGTGGAAACTTTTGTCC
Reverse: CGGGAAGCGTGTACTTATCCTT

Sox1 Forward: AGACAGCGTGCCTTTGATTT
Reverse: TGGGATAAGACCTGGGTGAG

Pax6 Forward: TACCAGTGTCTACCAGCCAAT
Reverse: TGCACGAGTATGAGGAGGTCT

Bmp4 Forward: TTCCTGGTAACCGAATGCTGA
Reverse: CCTGAATCTCGGCGACTTTTT

Kdr Forward: TTTGGCAAATACAACCCTTCAGA

Reverse: GCAGAAGATACTGTCACCACC
Forward: GATGCGGGATACGCCAGTG
Reverse: CCACCACCTCGCCTTTCAC
Gata4 Forward: CCCTACCCAGCCTACATGG
Reverse: ACATATCGAGATTGGGGTGTCT
Forward: GACAGAACCCGAAAAGGGC
Reverse: GTTGGGGACCGTCTTGACTT
Map?2 Forward: GCCAGCCTCAGAACAAACAG
Reverse: AAGGTCTTGGGAGGGAAGAAC

Sox17

Ncaml

Aldh1l1 Forward: CAGGAGGTTTACTGCCAGCTA
Reverse: CACGTTGAGTTCTGCACCCA
Nrxn3 Forward: TGGGCTGCCTTAAAGAGGTTG
Reverse: GGGGTCTCAAAGTTGATGGGA
Adam23 Forward: CGTCCTTCTCCTGCTACCTG
Reverse: TGATAGGGGCTTTCTGAGTCC
Plxndl Forward: GAGCAAGCGCAACATACAGC
Reverse: GGCTACAGTCAGCACTCGC
Slelal Forward: CTTCCTACGGAATCACTGGCT
Reverse: CGATCAGCGGCAAAATGACC
Ulk4 Forward: TAACTGGGATATACGGTCCAAGG
Reverse: TGTGATCGCCTCGATAACAGG
Ahil Forward: AAGCAGTCGCTCAGTAAGGG

Reverse: CTCGGTCCTCCACGTTTTGAT

1.3 %itg 7k

SEIG R K F GraphPad Prism 10-FlowJo /2 R i&
BAHREAHAT 0. BB RS A B bR 2
(£ 5)o FRL—INF[A] s ZEL 1] EL LA FH XU E LA Stu-
dent”s ¢ K58 5 [7]— S50 22 /> J5k [R] 1) 79 201 1] bL A
2 BEMSIREAR kS, JET FDRIRIE. W A

IS5 48 FH two-way ANOVA, 3:HISidak”’ s multi-
ple comparisons test #HTZHIAIZ H VAL, P <0.05 9%
AR .

2 # R

2.1 Pus7 3% mESC A 69432 5 16 E

B PUST #£ mESC firia % 4 19 4E L, A
FUH 6K H CRISPR/Cas9 F A bk Pus7 £ K 56 2 Fl
H35HNE TGN GRS, L Pus7 w5
mESC LAY (] 1A) . JEFIZH PCR 3 HE B A LK
gE R OR, KO 20 i H B 5 T K/ — B0 e 5
21, T WT 40 B R B 5S84 38 B, W e 45 R B
H 5 X 38300 bp 4% BN I B o 1245 5 KL R 40
IKFHIEUE R T Pus7 Bl 40 M R A 3R LD .

FEIE LR |, 3725 I RNA AE (94 2 T AIE
Pus7 BRI RCR . qRT-PCRAGINSE B4R, Pus7-KO
ZH 0 Pus7 mRNA R34 5€ 48k (B 1B) ; Western
blot 45 % [\ £ 1IF SZ KO 41 PUST & H R 1A 2k (
1C) 5 Y% 9 e et 45 J Al I8 7R KO 41 B P A AS 00 21
PUST7 FHYEE 5 (I 1D) . XS5 BIHE I, Pus7-KO
9w rh PUST K 1 58 A dR 2K, O D i i A vl
FEI) Pus7 Rk mESC B
2.2 Pus7 8% A R E IR mESC A % Ak b H %,
B3 %Gl HRE K

1E 2i/LIF 4555 56455, WT 5 Pus7-KO mESC 1
AT TR B2 S AR WA HE B AR G S0 1) IR i T 40 B
TLE (B 2A) , R B Pus7 S 2k A B AR mESC (1) $
Byl . Rit— BN 2 e RS, Rl 1
Oct4- Sox2~ Nanog 1 Kif4 %0 2 ReE IR T I R 1K
R4 qRT-PCR 45 5, KO 4 Oct4 « Nanog F1 Kif4 ¥ 5%
K5 WT ZHAH Eb oA W5 2 R B, {H Sox2 mRNA 1
H FBE(E 2B) . 7 Western blot 25 R, 2 Be 4%
D[R BR A S AR ZE FE RS E : SOX2.NANOG . KLF4 7
AR EZR, OCTA EA HIN — 4 E i
(E2C.D). Ik, R Pus7 Wi ] 512 H 4> £ e
P R 7 7£ RNA BUER [ J2 T 1) 32 S 3, (H 84K |-
mESC ] 2 RE IR S AT AT A8 2i/LIF 264 T 4E%F, ok
DL Z REMERZ AR . DL g5 R, Pus7 SiFRAS
B AR mESC A% 01 2%, I 5 27 A i 3R Y
B AT RE KR T L Ab 40 MRS ot DL R fivis e i e
S, MEEH 2 et S2 i sl

SRE 2 Re MR 2 B 35 5200, H Pus7-KO 41 i
FE 3 I I R SR AR K kAR () R AL, o P ARG
WT /B 2A) . CCK-8 K I 45 5L 2.7, 9 2H 40 i
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Cas9 i
1 g
‘ ) 000 bp 596 bp s 05
SZ 2. gRNA 500 bp g
- 250 bp 232 bp ~ 0
l WT Pus7-KO
ttettttcatcagatactetgacttigte /------ /ttgecategaggtaageggegeag  original seq.
ttettttcatcag [-===-- / gtaagcggegeag  del 300 bp
G . Q f\j@ ,\&0 D Hoechst pPUS7 Merge
Q«& \2@ Q&Q Q‘V @‘ﬁ Q\‘S
PUS7| = - —~  |60kDa o
=
GAPDH | S e s s e 36 kDa
]
Z
&

A: Schematic diagram showing the generation of the Pus7-KO mESC line. B: qRT-PCR analysis of Pus7 mRNA levels in WT and Pus7-KO mESC,
P <0.001(n=3). C: Western blot analysis of PUS7 protein levels in WT and Pus7-KO mESC (n=3). D: Immunofluorescence analysis of PUS7 expres-
sion in WT and Pus7-KO mESC(n=3); Hoechst was used for nuclear staining(blue), and PUS7 was shown in green. Scale bar=50 pm.
1 Pus7 @ mESC R EIHE R IE

Figure 1 Generation and validation of Pus7 knockout in mESC

TEREFN G 6 h IS IR OGRS o B i 22 s (HAE 24 h /148 h
i, KO 2H 48 fa v 77 B AT WT 24H (B 2ED , 3R ¥
Pus7 w5 A 52 M 40 46 05 BE 55 5L A 75 R A5 1 2
PO T mESCH9FE . 33— i i gl A AT T
YA AR . 5 WT AR B, Pus7-KO 418 G131
e Tt v, S BB B, 10 G2/M 3 EE 51 A2 46 AN B
B 3F.G), B4 mESC I8 5 B A 7 G1 AR &
PR B 438 R 2 IR AR W A Pus7 B BR S
mESC Al A0 RS © R A2 0
2.3 Pus7 @A EB AL A2 b SN IR R Z AR )

NPEAY Pus7 R 5T mESC J5 42 3% 2 7016 1 5
i), A 78 8 Se AL EB H R B (] 3A), =
JU 2 T B A1 55 W 55 L 0N, o 7 AH [ A s 2 P 2% A
N, KO SKRUE 1) EB BRARLE 73 A 2 h 3L — @ TE &
7S, R BRI AR /N A GRS R
JE BB AT L 2R (K 3B) . X MU AW EE R,
Pus7 W5 0] Be 5200 EB B OS2 H 40 i SRR
FIER 1

N R G5BT EB 7 A B 4 A8 4k, #E d0Ld3
A1 d5 B BT RNA-seq £l . PCA 43 #r o, FEA
T I TR R AR B R, A S EB i R R

S 2 50 W [ R s (R, 75 [F)— B[] S WT
5 KOFEARW 20X &, HiXFh o & 7E do Fr
BT B, 2R BH Pus7 B RS M LE L RR 7 B
AT CAELE (30 .. #E— R =2 M e bs
1025 KR I, KO ZH A0 2 A0 o0 B DR B 44 2 i
3, Hodt Sox ] Pax6 5528 $LAMNIE J2 A 22 40 IR 2 A
HAERNIC AU (E3D).,

B 5, XA IR | A R = AP VR AR R R DR
1T 7 qRT-PCR 5 1IE . 45 R IR, KO 2H Sox 1« Pax6 7k
R E AR ic S R . 3 T v (I 3D, 3R B Pus7 i bk 32 %2
P Bl A JE FH G 73 AR P R 1 5
2.4 Pus7 SR AR 3 F A0 AY 2 40 4w JOAL 38 5% S 1F
MG 4 i Bl R AL % 1R

£ EB B o W1 22 31| Pus7 2k S EAMIE R 34k
o, SO AR IR JZAH I FE K] Sox ] A Pax6 1%
S TR, BT R, A AR RA T
(PRS2 1 258 1) 0 Ak 2R (B 40D, 3R TT Pus7 @
PRIEMH AT R R R . R SR,
WT 4 JLZH Y AR A PPt £ b AR g5, 9F H
T 5 B 3 PR A PR A e AN SRS H s AHEL 2R, KO L%
FSCOK T AR B85 B P22 b B FE 2 i 245 1), 240 AR 1) 5



465510 FFE, FA T, BEi5E . PUST R mRNA {5 R Mgk 15 IR IR & 5 i fE dh pp g
2026410 A W ZAMEEAET ). B 5 RS AR (G AREE D , 2026, 46(10): 14371449 - 1443 -
A B

WT Pus7-KO

NANOG| ®% &% “& s s w37 kD2
tgis i s &= =2 ‘J

Pus7-KO 1.5 WT

= Pus7-KO
104~
0.5

Sox2  Oct4  Nanog  Klf4

mRNA level

(=]

WT  Pus7-KO D WT
= Pys7-KO

KLF4| s s s sy wow s (60 kDa

1.5 X
Tubulin| e e s w— w— w55 kDa GAPDH| e s s s s s |36 kDa T‘g 10
s 1
=1
WT  Pus7-KO WT  Pus7-KO T
E 0.5
SOX2| e e e o o @ (37 kDa OCTY| e e e s s e (37 kD
0
Tubulin| s s w— w— w— . 55 kDa Tubulin| ***PEPESEPE® 55D SOX2 OCT4 NANOG KLF4
F
14 WT-Repl WT-Rep2 WT-Rep3
< WT 1 ]
~ 1247 Pus7-KO Hk 10007 10001 1000 1
. I : ]
£ 8001 800 7 800 1
210 - ] ]
N . S 6007 600 7 600 1
Q ] ]
0.8 © 4007 400 3 400 3
0.6 T T T 2004 200 3 200
6h 24h 48h ] ]
D A A Al At A 0¥ e 0 T T
G O 8 8 8 8 8 NIENIRNIRNERNEN NIENIRNIENERNEN
SR A A A s R A R s SR A A R s
@ ‘)Q \QQ \‘DQ WQ 'L"Q 56 \QQ \‘)Q %QQ ’1;60 c)Q \QQ \‘DQ Q 'L"Q
E: KO-Repl KO-Rep2 KO-Rep3
= 1000 1000 1000
4 800 8007 800
(5] -— E 4
T S 600 6001 600
() - 4
3 4007 400 400
U 4 4
Gl s GM 200 4 200 200
0-""I""I""’L""I""I 0-”"I"”Iﬁ""l""l""’L 0 '"'I""I""’L""L""I
Q8 8 8 S OIS 8§ 8 8 8 08 8 8 S
RO NI\ RO RINRCY RO SN

A: Bright-field images of WT and Pus7-KO mESC (Scale bar=500 um). B: qRT-PCR analysis of the mRNA expression of pluripotency-associated
genes(Sox2, Oct4, Nanogs and Kif4)in WT and Pus7-KO mESC(n=3). C: Western blot analysis of SOX2, 0CT4, NANOG, and KLF4 protein expression
in WT and Pus7-KO mESC(n=3). D: Quantification of SOX2, 0CT4, NANOG, and KLF4 protein expression. Protein levels were normalized to TUBULIN
or GAPDH and expressed relative to WT (n=3). E: CCK-8 assay showing the growth curves of WT and Pus7-KO mESCs, as measured by absorbance at

450 nm(n=3). F: Cell-cycle distribution of WT and Pus7-KO mESC analyzed by PI staining followed by flow cytometry. G: Quantification of the percent-
ages of cells in G1, S, and G2/M phases in WT and Pus7-KO mESC(n=3). P < 0.05, "P < 0.01,and ""P < 0.001.
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Figure 2 Pus7 knockout did not markedly disrupt the core pluripotency network of mESC but prolonged the G1 phase
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A: Schematic illustration of the experimental workflow for spontaneous EB differentiation of mESCs. B: Representative bright-field images of WT

and Pus7-KO mESC-derived EB at the indicated time points during differentiation. Magnified views of the indicated regions at day 4 are shown in the in-

sets. Scale bar=500 pm for overview images and 250 pm for magnified images. C: Principal component analysis (PCA) of RNA-seq samples from WT

and Pus7-KO cells during EB differentiation (n=2). D: Heatmap showing the log,FC of pluripotency- and germ layer-associated marker genes in Pus7-
KO relative to WT, based on RNA-seq analysis at d0, d3, and d5 during EB differentiation(n=2). E: qRT-PCR analysis of the mRNA expression of ecto-

derm/neuroectoderm marker genes(SoxI and Pax6) , mesoderm marker genes(Bmp4 and Kdr) , endoderm marker genes(Sox17 and Gata4) , and pluripo-

tency marker genes (KIf4 and Sox2) in WT and Pus7-KO mESC at the indicated time points during EB differentiation (n=3). 'P < 0.05, "P < 0.01, and

P <0.001.
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Figure 3 Pus7 knockout biased EB differentiation toward the ectodermal lineage
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WT and Pus7-KO cells at the indicated time points during directed neural ectoderm differentiation (Scale bar=100 pum). C: Heatmap showing the log, FC in

the expression of pluripotency- and neuroectoderm-associated marker genes in Pus7-KO relative to WT at day 0 and day 3 of directed neural ectoderm

differentiation(n=3). D: qRT-PCR analysis of the mRNA expression of neural progenitor cellmarker genes (Sox 1 and Pax6), mature neuronal marker genes

(Necam1 and Map2) and glial marker gene(Aldh111) in WT and Pus7-KO cells during directed neural ectoderm differentiation(n=3). E: Western blot anal-

ysis of PAX6 protein expression in WT and Pus7-KO cells during directed neural ectoderm differentiation (n=3). Quantification of PAX6 protein levels is

shown on the right. F': Immunofluorescence staining of SOX1 in WT and Pus7-KO cells during directed neural ectoderm differentiation; DAPI was used for
nuclear staining(blue), and SOXT1 is shown in green. Scale bar=50 um(n=3). G: Distribution of SOX1-FITC fluorescence signals in WT and Pus7-KO cells
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A: Schematic illustration of the experimental design for BID-seq. B: Venn diagram showing the overlap between genes with decreased pseudouri-

dylation identified by BID-seq(log:FC<-1, P < 0.05) and genes with reduced mRNA expression identified by RNA-seq (logFC<-1, P < 0.05) at day 3

of directed neural ectoderm differentiation(n=3). C: Gene ontology (GO) enrichment analysis of the 41 overlapping genes shown in B. D: qRT-PCR analy-

sis of the mRNA expression of neural connectivity-associated genes (Nrxn3, Adam23, Plxnd1, Slclal , Ulk4, and Ahil) in WT and Pus7-KO cells during
directed neural ectoderm differentiation (n=3). P < 0.05, "P < 0.01, and ""P < 0.001.
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Figure 5 Pus7knockout perturbed mRNA pseudouridylation and affected neural connectivity-related gene programs
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