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AR S AR AR T A OGS Dy T, HAT M B2 RGEME R SE . X — a5 F R T FRATA R S i RNA 7R
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P B B I 25 A L) A5 B 8 7R OSKM 7 T 2 2 4 72 2 B () 400 M b B [R) 45 5 T 5
IncRNA J& 8 F X 888, Jo Ho A 3 P I M 336 %% 5598 B K(Endogenous retrovirus K, ERVK) o4 48 K
e AR (5 Z2 Re MRS TR AR AT 1 K B 56 A [A] 3 4 % RN A (Long intergenic non-coding RNA, lincRNA) .
PE— 2P PC-IncRNA HE3 3K [ 46 i 26 H AT fEZ: 5 iPSC £ BETE4E F7 A% 1L IncRNA
1 MRl57RE%E
1.1 H#EkiE

ABFFE AT Chronis 551 £& 22 NCBT#Y /N B 40 i 3 4 2 400 45 (GSE90895) A &/ BUIR Iy
AT 4E A i (MEF) | 8 4 F2 48 h pre-iPSC #1iPSC U4 i Bt (19 RNA-seq Al ATAC-seq ¥4 , A b 5%
sk Octd  Sox2 (Klf4 . cMyc Nanog . Esrrb 5 41 & 1 & 1fi (H3K4me3 \H3K27me3 . H3K79me2) & H
AR R H3. 3 (19 ChIP-seq $di . pre-iPSC #11PSC (#9 %143 & #i Chronis 257 i F 19 Octd-4¢ (0.5¢ )t
% M1 (Green fluorescent protein, GFP) i 85 £ 4t . pre-iPSC 8 A& #I% W IEME Octd .GFP B (1) 18] 4Rk
A 5 iPSC 5 H g FL 45 10 K GFP B B A £ REMERRAE 19 40 0 .

1.2 #REF ChIP-seq HiE D

ChIP-seq $1 ¥ 4 FastQC . Trim Galore , Trimmomatic'® . Bowtie2"""' Fl Samtools 4 ¥ #F 17 i % .
BY YT L K b 2 B i MACS2CF 5 150 bp, ¢<<0. 005, & A5 =4 AT Ve (E 4R, IF 185 B
RIdeogram" " mJ ¥ £k H 3k K 41 3 A .

OSKM %5 45 38 Ji L log, (RPKM+ 1) &7~ , 2k ] K-means (A/=7)Xf Octd 5 55 5 R, d@id
DeepTools2 " & /R Octd 45 4 X 38 2 kb § SKM 5 5 23 fii , ChIPseeker ™ 43 Br H 5 #% 5542 4 £ o5
(Transcription start site, TSS)RBEE], 3 8 & LA TSS EiF 1.5 kb & Tl 0. 5 kb,

1.3 FBRFMATAC-seq HIE S

ATAC-seq 84 5 ChIP-seq B4l — 3, 5% 5% [ 745 & ¥ i if HOMER™ {151,
1.4 ERFZHIncRNA F 5%

/I B IncRNA JE B SCF (GENCODE™! M21D) f % o 8 (85 5 ID 5526 B 45 05 B o 5% ) oo
(Transposable element, TE) i Bk H UCSC # rmsk 3C4, #2 I ERVK \ERV1,ERVL L1 % TE i
2,115 lineRNA J& ) 7 XN 19 TE /58 H TE & #4845 .

1.5 EEINEEESN

fifi i DAVID'™® 2 gk 47 3 ] A K 8 (Gene Ontology, GO) 43 My, LA I I JE /R 45 5, count £ /R &
LEL AL, P. adjust oy 2 8 K B0 88 GE J5 19 5 2 M KE , P<<0. 05 W 25 55 W 3
1.6 RNA-seq#iEN TR ILRIESHT

RNA-seq £ 35 4k # [7] ChIP-seq #9% . FH Subread ™ i1 %4 b % 21 56 K 41 9 35k /- B . Fl FH DE-
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2.3 IncRNABZFREBXBHEREFHHIESEEGER

Jt Bl DX i PR R A A 1 S B A FRATTR T R g R X e S R T A SRR AT T
EAESN, L T IncRNA 5 PCEM 5 3h F XA 22 5. £ 18R, 78 1PSC B BL, IncRNA Ji 8 1
B WL CTCF H1 Sp R 4h , ZREME N T (W1 Octd . Sox2 KU F % Nanog) % /7 2. 3 & 4 , HAEF 3 T
EEMNGIT WP . E e B b, A0 M s 55 1 5% 5% IR F 41 Fral (Fos-related antigen 1) |
Runx1(Runt-related transcription factor 1) , Tead4( TEA domain transcription factor 4))%& 5 & £ 18 /),
1M 2 REPE 1 10 5 AR R4 0 ik (&1 3D, S e i 42 I 46 1) 22 RE R A%
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WA Octd 75 3 8 1 X A9 25 4 58 B2 28 4k, 8 PC 5L K & IneRNA 43 2 DU 2 . D245 4 (Persis-
tent) :48 h 5 iPSC M 45 &5 X R T4 T 0.66; 2045508 /0 (Lost) : 48 h 45 450 K T4 T 0. 66,
iPSC B 454 R /N T 0. 663345 G138 (Gain) : 48 h 945 & R /N T4 T 0. 66,iPSC A 454 58 B K
T0.66;4) 455 (None) : 48 h 5 iPSC W45 G iR FE /N T 0. 66, K SKM 4G5 B #H 5 Octd — 2,
H OSKM 45 & 5 H3K4me3 \H3K79me2 \H3. 3 558 G YA 10 5 IR AHOC, 5 il AR i H3K27me3 £
AR (R 4, $278 OSKM W] A\ 38 228 98 42 ¢ L& 1 02 a0 32 PR 980

GO 73 7, PC 2 [N v Persistent 21 & 4 T 20 g Jil 199 55 RNA I T2 A% 0 AR W) o 72, 36 W
FERAE R R IEN , 4E 55 25 AN M A SE AR T B Lost LI S5 /0 (b M 56, T EENN N RAER A F .
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Fig.1 Chromosomal distribution of pluripotency transcription factors binding at the iPSC stage
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5 77 51 56 22 % U1 9 IncRNA (4l sense _overlapping . antisense , B[] i3 8 1 B B OSKM 4 2 3l 45 4
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Fig.2 Dynamic binding patterns of OSKM binding patterns and chromatin accessibility during reprogramming

#1 iPSCHEZIncRNA BEZ1 FATAC-seq R EEWMI0NMNEREFEEEF
Table 1 Top 10 TF-binding motifs enriched in IncRNA promoter ATAC-seq peaks at the iPSC stage

HEF BN T sk 1456 R P{H

1 CTCF(CCCTC-binding factor) SLAGTGOCASCTRCTRESSA  1x10™
2 Ctefl(CCCTC-binding factor like) SIRTFECO0CCCOTSEIGEk  1xw0”
3 Sp5(Sp5 transcription factor) 26LGGGCGGAGE 1x10%
4 Sp2(Sp2 transcription factor) F2CECCCGCCCS 1107
5 OCT4-SOX2-TCF-NANOG ATTIGCATAACAATG 1X10°%
6 KLF14 ZGEGGESGTEES 1310+
7 KLF5 26GGIGIGEE 110"
8§ Pou3f3(POU domain, class 3, transcription factor 3) ZATGELAATEEE 110
9 KLF6 SEGGGEGIGECS 1} 10
10 Octd ATTIGCATAZ 1107
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Fig.3 Enriched TF motifs and P values at IncRNA and PC gene promoter/distal ATAC-seq peaks during reprogramming
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Fig.4 Dynamics of OSKM binding and epigenetic marks at PC gene and IncRNA promoters during reprogramming
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ribonucleoprotein complex biogenesis | ® muscle tissue development - °
regulation of mitotic cell cycle - @ | count striated muscle tissue development - ® |Count
mRNA processing @ | e 200 muscle cell differentiaion [ L] * 25
negative regulation of cell cycle - @ | @230 muscle organ development | ° : Zg
regulation of binding | @ @260 regulation of peptidase activity -~ @
cell cycle phase transition - ® | P.adjust striated muscle tissue differentiation| @ P.adjust
mitotic cell cycle phase transition |- ® 1.49x1073 muscle cell development [-e 2.5x10™
nucleocytoplasmic transport I 5.69x107% striated muscle cell development [ 1.0x107
nuclear transport 1.14x107%" myeloid leukocyte migration o
ribosome biogenesisp regulation of leukocyte migrationp
X »Q s O >
I NN
Gene ratio Gene ratio
(C) “Gain” group (D) “None” group
monovalent inorganic cation transport [ [ detection of stimulus | L]
regulation of ion transmembrane transport [ ® | padjust response to pheromone - ® |Count
second-messenger-mediated signaling [ ° 2.5%10° drug catabolic process - @ * 40
hormone transport |~ @ I 75x10™ det. of chem. stim. in sensory perception - ® : gg
hormone secretion| @ det. of chem. stim. | ® ®100
cycllc—nucleot{defmedlated signaling |- Count det. of chem. stim. in sensory perception - P.adjust
1elole cel! cycle'proc‘ess i * 40 det. of chem. stim. in sensory perception (taste) {* 1x10°
cAMP-mediated signaling |- ® 80 ;
o S @120 exogenous drug catabolic process ¢
meiotic nuclear division [ ® L . . 4x107°
. — det. of chem. stim. in sensory perception (bitter taste) [
iosis [ [ . .
p— sensory perception (bitter taste) [
NN —
BN\ Q\Q 0\6
Gene ratio INRENG
Gene ratio
5 28 g AL 1 GO & 440 i
Fig. 5 GO enrichment analysis of each group of protein-coding genes
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Fig. 6 Dynamics of OSKM binding at promoters of different IncRNA types during reprogramming
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B IR, X S BL N R BEAE 1PSC £ Rg Mk 4l 45 vh R OCHEAE T, FRATRE e o iPSC Z B TEM R B
45 2 K (iPSC pluripotency PCGs) .



%5 51 BR R A /RN G R A R OGS St DR T AE IneRNA XI5 5 AR 5 525
4F 5 — 20
Oct4 Sox2 Klf4 cMyc
3l 4r ar 150
= 3+ 3t
2ot 1.0F
=l . 2 -
Pl = phe ®5ao q 08k = o
: , '}1"21" ¥ . ,#‘ RN . : :
o"‘“’ P o L= S ] i o,
0 250 500 750 0 250 500 750 0 250 500 750 0 250 500 750
Transcript length/kb
K7 iPSCHr Bt IncRNA J& 81 OSKM 45 & Bl 5 A K B I K &
Fig.7 Correlation between OSKM binding and IncRNA transcript length at the iPSC stage
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Table 2 Number of differentially expressed IncRNAs and PCGs across three cell types

Type 48 h pre-iPSC iPSC
PCG _Down 47 2335 2521
PCG _Up 199 1778 2027
PCG_All 246 4113 4548
Lnc_Down 2 227 171
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Fig. 10  Gene differential expression analysis
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Genome-wide Binding Patterns of Core Transcription Factors at

IncRNA Loci during Mouse Somatic Cell Reprogramming

CHEN Xing,ZUO Yongchun
(School of Life Sciences, Inner Mongolia University, Hohhot 010021, China)

Abstract:Induced pluripotent stem cells (iPSCs) offer broad applications in regenerative medicine,
disease modeling, and drug discovery. Transcription factors, Oct4, Sox2, Klf4, and cMyc (OSKM),
are essential for somatic cell reprogramming, but how they regulate long non-coding RNAs (IncRNAs)
remains unclear. In this study, we analyzed ChIP-seq data to map genome-wide binding of six
pluripotency-related transcription factors (Oct4, Sox2, Klf4, cMyc, Nanog, Esrrb) during mouse re-
programming. These factors were enriched on chromosomes 9, 10, 13, and 17, showing preferential
binding to lincRNA promoters containing ERVK elements. Integration with chromatin accessibility and
histone modification analyses revealed temporally ordered OSKM binding, likely coordinated with epi-
genetic regulators. OSKM favored IncRNAs that were sense-overlapping, antisense-oriented, ERVK-
associated, and characterized by longer transcripts, extended first introns, and proximity to pluripotency
genes. A co-expression network identified 210 IncRNAs potentially involved in iPSC pluripotency regu-
lation. These findings reveal how key transcription factors interact with IncRNAs during somatic repro-
gramming and offer a basis for identifying functional non-coding RNA markers.

Key words: key transcription factors; somatic cell reprogramming; chromatin binding preference;

epigenetic modification; IncRNA types; co-expression network



