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2B R A % (acute myeloid leukemia, AML) i -E. 7 T4 B A0 I8 46 40 MO FRRRRAE B A 5] 40 B B A4 1
B, BIXEAREA Y HERRREMRBRTSEE . £ATAY, BIBETAFRERNFE
7K (bulk) Fe a5 ) R SR A R R EEHE, W55 RT A M%:iE 40§ (preleukemic hematopoietic
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Abstract

Acute myeloid leukemia (AML) comprises coexisting stem-like and blast-like cell populations, yet
the regulatory basis underlying their differences remains incompletely understood. In this study,
we integrated publicly available bulk chromatin accessibility and gene expression datasets across
preleukemic hematopoietic stem cells, leukemia stem cells, and AML blast populations to systemat-
ically compare chromatin accessibility, inferred transcription factor activity, and transcription factor-
target gene regulatory connectivity. We found that global chromatin accessibility and transcription
factor repertoires were broadly shared across populations, while differential accessibility was mainly
localized to distal regulatory elements. In parallel, transcription factor activity exhibited structured,
population-biased patterns rather than uniform shifts. Importantly, regulatory network analysis
revealed extensive changes in transcription factor-target gene connectivity, with substantial diver-
gence at the level of regulatory interactions despite relative conservation of transcription factor iden-
tity. Together, these multi-layer analyses support a model in which regulatory variation across AML-
related cell states inferred from these populations is more strongly associated with reorganization
of TF-target regulatory connectivity than with replacement of transcription factor composition. Over-
all, this study provides a systematic framework for understanding regulatory organization and its var-
iation across AML cell populations.
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1. 5|8

SVHERE 2 9% (acute myeloid leukemia, AML)&— it i 5 57 J5 1 1R ML R S % g, LR AIE A2 7
A B RN A Z P R, IX SRR B AR b B 5 AN E B B DS I A RRAES (1] 4RT
WAy, AML SISIE & M AR E R t, Hrh BAa 3 EHrRe /0 8 B % 140 (leukemia
stem cells, LSC)4ERFHIH I FRFEALE, 1070 AR FE 5 1y 1) J5 4 240 i (blast) W) 26 3L HE A PR EK) B FRSE i e[ 1]
[2]0 JRUEZEA R ERYE T DhReERS R 5000, IX —HESETE B AT X AML 4 M 20 245 /) iR 5 T &
7 EEE.

SR, ORIER 22 I FE IR R, FEE R F et g v] R VEJR T, AML AHOCAH B4 IF ok 52 4
B, MR B ES[3] [4]. XEEUELE N4 K E AR SE T Bk, PR A R 4IRS 2
(B % 22 S AT RE R AR el AR B B T e . TEIX— 15 =N, B R a0l 7630 4y B & 1 A A
Z ARG ST IR AERE, A Rt — P .

FEARWFF A, FATH “ A #EA (cell populations)” 5 “ AR (cell states)” BEAT X 73 . M IREAA 2
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Frif I S e BT RESRAF 4RI 4E &, 9] dnadad 3t 2040 i 23 1% (fluorescence-activated cell sorting, FACS)
HAFBRYR T B SEARE 28090 (Wl pHSC. LSC K& AML JF4G40 ), A4 BAHIT 78 0 T A B fir . AHER
2N, HIRASNEIE T YLt )i a] Rtk #4356 RF (transcription factor, TF)3% M K 3k DRI 4 WX 4% 45 4 T
Wik A=) 2 B R A . R AREIE FE I 2 i CE A0 B AR 2 T R I, (B FLARRE 15 L6 20 7 76 1 40 IR 788 22
HANE KRR Bk, X EHE TS 20 6 40 MRS AL 90 48— 58 SCAH MR (A (00 1 458 J2 Th A ee i R
B B EUEY AR

Pt 5 n] R R 1) R AL T —ANTTAT IR FU VI S 5 AR AT S B4 5 )53 U /5 (assay for trans-
posase-accessible chromatin using sequencing, ATAC-seq)gE % 7F 4= 3 [K 41 76 BBl P Z1 i) G 5 PR S, M
T e R = 47 v M S A ) e s R 45 65 B (5] AR IR R IE I fe sk A2 R, w4 o, JoH
se 18 58 1 (enhancers) K B A 4%, 540 LY 0 4ERR SORSFE AR BV R [6]. KX 25 B 5 5 s thAH 25
G BT RGEVERATA R 40 MR ZS 2 18] 1) PR 45 4 207 K

TEARBFFF, FATEAZ A AML BASI ) bulk ATAC-seq S RNA Jll/5(RNA sequencing, RNA-seq)%{
P&, ST CVEBER AT E M58 1T 40 8 (preleukemic hematopoietic stem cells, pHSC)~ I T4 (LSC) K
AML JF UG MR EAT IR RRIE LU . ABE AU — B4R . AML AHOCAHIRRES 2 IR R, BEHFE
HHAJR G 0 50 v St )28 Ak . AT e s DR i M elds, BlA% S R - B BE[KI(TF-target gene, TF-TG)iA
PEIERC RINE M T IRE) . I LA A B AR B s 454, AR BAE RS AML 4IRS 7=
A R 2 A RRAIE

2. 53k
2.1. RHBEEWESHERERG—

M Gene Expression Omnibus (GEO) £ 4 ¢ 1t ££ £ > AML BA 51 [#) bulk ATAC-seq £ 4 5 (GSE74912.
GSE256495. GSE150868 1 GSE197416), FMNLARES, HT404r AML A M40 Mok 2 [a] i #2548
5o [FRS, M GEO ##54% GSE74246 1L bulk RNA Jll/5(RNA sequencing, RNA-seq) %, HT J54i4%
ST BT I 28 43 BT o TR AR ARV B 48— BB N /N R B F A4 R 25 . pHSC. LSC. Blast. Myeloblast.
Bulk /% primary AML cells. H TERAE EA RN —I, R 7 ESEER L LB AT IbE, Bk
JEEELL B T HERR T Bulk X primary AML cellso 38— 200 A 38 TURRE KARLA) 45 JR Y 2 5 ml K 4
B, ¥4 Blast 5 Myeloblast BEAS I 9% — ) AML JFIAZ0HI(AML blast)BEAAR . e 0y 3 i = 2540 o i
IR HHESE(pHSC LSC 2 AML blast) T i Ja 4270 #r .

2.2. ATAC-seq IR IB S REITH

Ffi ATAC-seq #E AR ] BiasFreeATAC W[ 7T AL EE, 1ZUiFE 7 B fastp (v0.23.4)1E47 13k
BHEEY, JHEH Bowtie2 (v2.2.5) 3T LEXT . FEAR EiB L I& N reads L (fraction of reads in peaks, FRiP)
J RS UA I M (transcription start site, TSS) & AT ITAli. FRIP < 0.15 8L TSS FAEE < 3 FEAHCH
TE NRIBFEATE T LAGIER . FRIP>0.30 H TSS B > 4.5 KA E COymbiErAs, HaRREH E
RRWIREA & SO S R EAEAS . JE 2k TR B 45 S s AR AR . I8 A i A\ BOK BE 4 A o
il % AN AR G () L B PE AR AR, O 5 T AR AR U TR ) 45 SRV 5 AT B e (0 0T [X 3 A R 2H AR SRR
Homo sapiens.GRCh38.113.gtf,

2.3. HiQiEESTREEE
RNTEG — RS (A P SEEUREAR A LU, T i@ i S35 6 i ATAC-seq FEANKY 7 3 1I% (consensus
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peaks). TERFMVEREAMBFAAN, FETEEAEAT] HE HILMUE, XRAEAREDAT ST, WKL
WG G, BEJE, K SRR LRGSR G — D8RG, TR 56 A B i A B G 18 52 A (union
peak set). FETZELAIEES, KA featureCounts (v2.0.8)XF Y i i i L b7 e &, MG x FEARTHEL
[ (peak-by-sample count matrix). FrfFiHEE FERH DESeq2 (v1.46.0)ii AT IH—LAb B, Ffifk— kT
7 Z Ka € AL ¥ (variance-stabilizing transformation, VST).

24. 2RECRURMST RS ES R

FEF- LI - H B (consensus peak count matrix), K Pearson A R % BR R B & %o 7 Hr
(principal component analysis, PCA)X} 42 J5) 4 ()5t o] S PR dEAT VEAS o 4B 28 7238 S5 e i (1) I (top variable
peaks)iFEAT, IR R G B SRS AMZE T A B4 5| S BOREAHE P #EAT I . R PCA 7 HrFEAAE
R4 (A I EE M RFE o N B R S EORF R TTRR, R HZMEANT PCL A PC2 AT TT 207
fift, DL KR (patient identity). ZHAUHEA(cell population) Az $di 42 2 1 %% M (dataset-level variation){F A
AR &

2.5. EREERARMESH

1E =R P B (pHSC. LSC K AML JF#A4H fi(AML blast)) i i 58 74+, K DESeq2 #E4T
ZE Yt i AT K AT o 20 BT R “ — Xt i Ax (one-versus-rest) " ELEGHESE, #5571 15 1A 7 y~dataset + group,
Hrp group R 2 HT G B 41 BRAF R AR T ILARRE AR 0T LY o 22 53 0] K [X 43 (differentially accessible regions,
DARSs)E XUNIZIEJ& p {H (adjusted p-value) <0.05 H.[logafold change| > 1 FU&. ARIARALS#T, KA limma
(v3.62.1) )\ 7 ZEFe 8 A % ¥ (variance-stabilizing transformation, VST) /& BT EUH B H 22 B 5 £ s 4R AH 511
RN 3 DARs F T /400 #r, AE R 2 L D ReiERe .

2.6. IEEREETXERINGEESRTH

KH ChIPsecker (v1.42.1)454 TxDb.Hsapiens.UCSC.hg38.knownGene *f DARs #E4TFERI i ERE. L
U ) % 6 UG A 55 (transcription start site, TSS)HIFE B AMKYE, HH X 4 4 5 8T 4R3IT X 45 5 128 ity Y 2 (X
. hEe'E £ KM rGREAT (v2.6.0)i#17, LL Gene Ontology A:#%%it #2(Gene Ontology biological
process, GO:BP)F 2 [RI4EKYR, I LA RIS EE A (consensus peak set)(E N 5o X AT R METHm 5 AR T
W53 AIEAT 3 M, IFIIE R 2 E Ak H TR 22T Ak

2.7. EF TOBIAS B REAFRIE S

K TOBIAS (v0.17.3)7E —ANEEARCR 17 1) = 41 ATAC-seq T4 H#E47 #% 3% [F F(transcription factor,
TF) &L 58T, ZFHEES pHSC. LSC & AML 4541 fi(AML blast)FEfA, H &4 FEABCE AR R (FF4H 18
MREAR) o TEHEAT W 1A% 1E (bias correction) J& A2 B AR 55 5, HHAEAH M Z THIE ATV LA F EEA T
% FH BINDetect 14 &5 HESNY) TASPAR 2026 motif ¥ e PPl 2 5 TF W& 1. TS 2l 59 Fl T e 4
TF JZTH R8T

2.8. TF RS & TF EEEITCE

4 TOBIAS BINDetect i tH 45 5 3 H: AR TF 5 R B — A M motif, A T 5 22 0 #1. 3T pHSC.
LSC J AML blast #E44H1 73 21555, TH5E TF K¢ 714177 (TF specificity score) LA S AVHEAA R 25 ] TF
WM. VRO ONFE— TF 16 H bRgH MU R 1) 2 285 5 o 25 L A 40 L 7 Ak o o v R 2R 5 1 22
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fio WRIGZIPT, BEEAS TF AR E AR IE VR R s AR, IRt BEAT HE AR A rT AL Y
AREAERE A 2 4% 5 1

2.9. ET Motif BIIEIF 54T (HOMER 5 chromVAR)

KA I motif JZ 20414 TOBIAS #EWTI) TF v A BT I6E . f#H HOMER (v4.11)#E £ 57
ATAC & 3347 motif B4 041. AR, KA chromVAR (v1.30.1)%& T JASPAR motif ¥ e 11 HkE A A]
) motif A e tr 5 il fe M, e 2T SummarizedExperiment (v1.36.0)HEZE A . PEAk AN [F] 40 il A4 22 1]
(1) motif #& 17 7, I H TG SE v A 0 AT o EIR A N BEAR AR DG 1) TF 5 PEBL BRIt 7 B0 ST R B R TR AR

2.10. RNA-Seq BE R ERTRIESTH

¥k H GEO a4 GSE74246 [1) bulk RNA llJ7(RNA sequencing, RNA-seq) 3 #i 4t — % 5 ATAC-seq
3T U = 40 B R AAHE 22 (pHSC L LSC 2 AML J5L 45 41 Bl (AML blast)) . A4 2 5 D] J2 11 1) 71 B0 4 (gene-
level count matrix) T J5 4220 M, I K edgeR H 1 filterByExpr B i LRk FE N, (R B 7E e/ N
FEAS T BAT 08 R TE B IR, 1% BIAE t SC K /N (library size) K SE36 Wit B € « 25 5 Rk 04K edgeR-
voom/limma JiFE, 7E“ —%F H AR (one-versus-rest) "HESE N AT , BEHY B 1 B L FE 40 M 445 (cell population)
N RS (dataset) TE NS & . B3 HIRIER E N IESS p {H(adjusted p-value) < 0.05 H. logFC > 1 [#)2
o« KM clusterProfiler (v4.14.0)3: T Gene Ontology “E42Fid F(GO:BP)Xf L i3 K #E 47 T e & &£ 0¥,
HUAER R T T, BB AT TR AML UBHAZ %2R, NG SR ML i
P HE.

2.11. FBF PECA2 HM4ZHRTEI ATAC 5 RNA BAHMAKIE

JTE S M AR T A B R 2%, 4> HIE pHSC. LSC A2 AML blast BE{& P % ATAC-seq & RNA-seq
BT RE, IHER ST RE . Rt R IR 2 10 1 JE R R, AR A R4 %
HARAEFEARZ IR G R X T ATAC-seq HdfE, 7E& MR A A TR A, G IFR R ZRH
FEICE G . W T RNA-seq #¥E,  7ERE/N A M 4 Py o) i N R TAAE B35, MR AR KCT I Rk . B
WRIEE G ATAC I RNA Ve N, F T 5 245 I 2 HE T .

2.12. HEN PECA2 KBS ML HERT

KT MATLAB (R2023b, MathWorks) SEELH H 7€ L PECA2 JAE L AT V42 I 2 HE W . 75554
JfffRr, B geth Fn] k. JERIRIE ., #5 K F (transcription factor, TF) motif {5 & LA & 5G4 TF-#1 2k
[Al(TF-target gene, TF-TG) K &R, PATHE TF-SEIE A VF4r . FX IR TF-TG X} € UONRIET PECA2 HELE
PROL TR AL I SO AR A TR i) TR-ZEN IR, H T RREBERIERE R R T2 00 BE S 1
SR AT 5. R SO 95 A /AL E v B I kv BLAE PR Il . o s i i s
B, PREVE B =T 500 A TF-TG X H T /a2 #r. @il Bk 7550 Mk E pHSC. LSC & AML
blast FEA FRIRF 1 T2 I 285

2.13. MEERE. THEALLLE. RIMTE TF EHMEL

TE 20 M A 57 16 TF-TG Y #2 W 2 Bafithy b gk AT ELE 04T o SR H Jaccard AHALLIE SR 3L, 18 #4255 K F(TF).
AEJE[F (target gene, TG) & TF-TG W iE#H: = A2 &4k pHSC. LSC & AML blast Z [M][JHEFEE . K~
PG E, M B HUR VT L BEAL N2, DA T 23 58 (null model) NI E B AT K
R TEE O 268 H8 bRt DX 28 0 41 S5 K THEAT RAE o 38 BB e s N AE A (R A P A (R SRR R 2R, &40 TF
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P IE R EAIFE . H RIS 20 (rewiring score) i€ XN 1 2% TF 15 AR 40 o fEAA A B R 454 Jaccard #H
APERPIME, PPk R AR BB .

3. 58
3.1. 23R RGNS XS AML AfaEE

RZET AML AH S I 4H B B A 2 [] () 42 JR) R ML A% O &, FRAT TG TR B 24 A JF AR KR bulk
ATAC-seq $#fs, XL TG T 490 N4 B 73 % (fluorescence-activated cell sorting, FACS) & X [ i 1ML
93 14 I -4 i (preleukemic hematopoietic stem cells, pHSC)~ [ 157 41 ffd (leukemia stem cells, LSC) A & J&
UHYH I & £ 2H 73 (blast-enriched fractions) (% 1; & S1(A)). FEIZHTIEL, FA MR FIAITERE R, UIE
B A IR WA [ B 4 R 5 R A I SR o R AR I AR UE R i 4 7 AP S5, X el B R 7E 2
A b RO BT A AR AEIR S ) JF 6 20 i = 4 1 MU RS 10 RGBS FR 8], AT s A Ll i e
Jo AT e MEARRAE B AR DG T 2 B PSR AL T A

PG BEAR S8R 48— 1 R A I AR AT A B (T VE IR ) BTV reads LU (FRIP) & FE Sk A df
P R(TSS) & 4 E, KEHFEARTFEH FH ATAC-seq i SARAE[9] [10], (K5 SRALA CUE 5 220 b b 5 B (1]
1(A); Bl SIB)~E)). HA ) B /A B ILSUB A /AMA AR 1(B)s 18] SI(F)), SCHRPEEAR%L
PR E AT FEVES] [9]. TERRESEHIZ G, FRATRHEAFEA AT R 51 DA S Mg 358 T80 € 5 X3 (.7
o). FERHFRLE RN, AT G i XS A TR sl AT IX P DX Rz i 5 R ) X (&
1(C)), FHerpoAH 2 bl e A T izt iy 1 48 DX ek, B8 7 I Qi 428 o AR (a3 58 1) 78 AML RULg A% 45 Bg &
BAER[11][12].

BEJG, AR Z M I R AR (A R A SR e B T e RTEG — R E S [ AT LR, 3R
AT T RIS (W70 57 o FE T2 G AT BORE AR IR AE SR 20 M A K PQEE 125 40 A 3 3 B, (Rl — 4
TR AR A B A S AR AU, [R]EAS R A 2 T AT A e B s e () 1(D), B 1(E)s Bl S1(G), B S1(H)).
[Ktt, pHSC. LSC M blast FEMRLEGL (o7 o] KoMk EA7AE AR 22 57, (HLE 4 o) 2 1A FE BRI A 40 56

ToH B F o B (PCAYRE— B H/R 71X —FHE. TERRE RS, SRS ES S, AR
NEBUR(E 1(F), 75). blast FEARFESAG T PCL fjn] X4, i LSC AN kA PC1 IE A [X38; pHSC
FEALE T T AN AE 1 X 3, JER I B = 1) PC2 BUE, 1 H At 40 M F 4 U 75 2L 2 1) PCA Z=[E)f 28N
SR AT . EF]— PCA B & A AR AT S o, WSR3 A ) T o5 4 4 e X3, (3
ANFIRER Z AR 2 B 1(F), f). GREY, 2RYtnT LY aeis St AML 41 A E 5
SERIPEZE R, RS LK FL 50 B 9 WM 1) B8 B A% T A

itk — B fENT PCA S5 RIS, FRATIRE 3 sy 1007 22 DTlRIEAT T 40 M. 455w, £ PCL h, &5
KVF(38.6%) S A AR (3 1.8%) ke 1 B4 5, T A5 48 = 1 RN DT R L /N6.0%) . AHELZ R, PC2 &
57 B 8RR (51.8%) S i 4 2 TH RN (40.4%) (T 52 0, 17 240 BB A4 P DT R ESCAIR (8] ST(D))o WTFEARZH A%,
M — B MR, AR A T 2 A B3 S SR, 1 22 £50UE 38 SO L B — 4 i A A
AR Z Gk Z 70 VS ECRE A . 456 LR RR I, TR AHURAE T, B 5. B AUk IR X 40 i
B Z MAPAE — BRI G 0 R, Rk A oy Yo €005 P B P A 5 AN L Al 19 B A e g 30 e e 24 L T A 22

=X
FF o

BAME, ERgtT LPERE IR AML M12¢ pHSC. LSC M blast BEiR 22 [0 R A AW 5 UH
AR ZESR . BH ATAC-seq Hdl I S (1 RN G0 S REA R A5 M S R E AMAE R, PR
SN SN G A IR 42 RAAE LA — 2D b A MR 2 R e R R R T
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AML ZHfuBEE; (B) SAMIFHAN ATAC-seq Fr B0,  Won MU RIZAMAE A IIERHE; (C) A R4 fRHEx
AT e et o7 X3RRI R . R BUEN A TR TABERX . A& T X RdimiEF A X ; (D) 2T IR
(consensus peak matrix) i 5T A BEA Y iR AT KM Pearson MASEPEINE . REASHAN PR RER M R & AEIRE; (B)
T 5 (DYM [RIFEAS SRR 22 [A] TH S A B PR PR B o FEAC T Al MO B A S B 8RR AR v s (F) Z2 T A8 e LR
4 ATAC-seq FEAS = 43 73 T (principal component analysis, PCA). /& B R REASIZ A0 ARG (0, FRi%3dm kIR X
TR A BEORARIRIBGE T 40l e & AU R A4, R HAE L S et o m] SR 2 [A) v 9 237

Figure 1. Integrated ATAC-seq profiling defines the global chromatin accessibility landscape across AML-associated cell
populations

[E 1. #E& ATAC-seq T8/~ AML tEX AR AN £/ E R R EE
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Table 1. Summary of GEO datasets and FACS-based cell population definitions
7 1. GEO HIREE R ET FACS RIBEHAE SULR

A 14
GEO e AR FACS 4hit 2 i Hfggig'm
pHSC Lin~ CD34* CD38™ TIM3~ CD99" pHSC
LSC Lin~ CD34* CD38~ TIM3* CD99* LSC
GSE74912 s g .
CD45 H125KIE; SSC FiRIE;
Blast 4 LSC 414y AML blast
LSC CD34* CD38~ CD99" TIM3* LSC
CD45 HZ5:3K1E; SSC BBk
GSE256495 ; ; ;
ATAC-seq Blast 4 CD34° CD38- AML blast
Bulk A HEpR™
GSE150868 Primary AML cells i HERR”
CD45/SSC 4yik; 1EF: CD33Fl/5,
GSE197416 Myeloblast CD34*#4iiffl; HFFk CD3*T 4Hif % AML blast
CD14 %41
pHSC Lin~ CD34* CD38™ TIM3~ CD99™ pHSC
LSC Lin~ CD34* CD38~ TIM3* CD99* LSC
GSE74246 RNA-seq s g .
CD45 H125RIE; SSC FRIE;
Blast 4E LSC 414 AML blast

T TH T RIS SE  GHAE  EERAN— BE B AN, HORREA T DAHERR .

3.2. AML e kEER R E R KT EER T TiRBETS

BT 2R P ] LR — BB E EX A ANF AML gHfufEfs, A1 — DR 5t RET
G B T BB AT RO A B . SR AR HE R L B N SR R e B AR (pHSC. LSC. Blast.
Myeloblast. Bulk /& primary AML cells). HH1, HT501%(5 B A E B R R &L R 6 = — 1%, Bulk
Je primary AML 40t FER: . /R Blast 5 Myeloblast AR T ANA] 0% SRMS € X, (HFE & EL L6 1
P EKF R B B — U (Myeloblast 44 CD45.CD3™ M CD34/CD33 414 5€ X ; Blast 1 #i& CD45 .
0] ey B SRR S HERR LSC FEREAR E ), HAEE A i h I —BU AL E 4] [13] [14]. Fk, 1XH
KRR A I NS — 1 AML 4540 fS(AML blast) B4 . e 208 2 (1) — R4 ¥4 (pHSC. LSC K& AML
blast)VE N JE 2250 HT S IEHELE, AR 9 7™ 48 B L) AML 40 BARAS [4] [15]-[17]

BT m A S G 5 X I o T B, = RN BB AR TR AR 4 2 (B R A B m s, (BT AELE
SESIER, B 2(A). SH—8, BT IR IRR A R4k 2 R e 05, S
TEAL AN BEAR Sy 45 R an k(1 S2(A), & S2(B)). IRGEREH, BIELES — Ayds B nT Lk = 24
MR 5, ARG nT KA A 2 LLEMIX 73 AML 40k .

ESLFEAE B, FRATRA “— Xt H 42 (one-versus-rest)” HEZE 45 & HEUKAL IE(W T 1EEB ), X 25 2 i A
RHEAT Z Y R T . 2 57 0] K X 35 (differentially accessible regions, DARSs)E AN [F) 20 fg Ff A4
EIHAFRRERE 2(B)): AT e HETHE XA AML blast %, £ LSC i/, MifE pHSC itk T
[ 7KY o J T o Y 35 22 X SRR A AT e W AE A 2 1T IX 23 = SRR AR (1] 2(C), ] 2(D)), HAERE
KZMEAAE— ERRENES . EREENRE, BEZE R X (pad) <0.05, logoFC| > 1) B4 T B 4 5%
EIEAL FU(TSS)I X, FFEE T W& 1 IX Aoz R E] X (K] S2(C), Kl S2(D)), FH] AML 4 4 6]
10 G £ ot 22 S 2 BRI T ozt v I = R 4% o AR (4]
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Figure 2. Chromatin accessibility differences across AML cell populations are concentrated at distal regulatory elements
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wr—R, %

X AT R T DX A AT Th R & 4R o b o, AS R 40 B A4 B AN (R A T 2 T Re A ) (14 2(E)) « 72 pHSC
o] R MR X E SR TE S A OGBS IL-17 (55l & G EAMBZIAG 5@, i
PRSI RE . 7E LSC o, B 4RI MK 25 0 i R AR AR DG, B3RS GU/S ARG R .
£ AML blast H, & 4EIME 3 EW L AMMIER . difala Al AR ok B R, 5 AR oA
TAE5E .

o AT R A ARG DX 35k A 20 B st AN (1) S2(E))e £E LSC o, AJ R M FRARIX 35 5 45 T 40 T
o\ Al S IE IR NI DG, 5 HAE R R AR G S 5 I K— 8. £ AML blast 1, 5
%S ARAE S IR TO A AT SRR, 3R 70 A A DB SR PP T MR DR B[ 18]-[20] 0 k4h, —UEE7E pHSC H
AEIRR G SO A DGl 1EA RN RAE AR 2 R 2 T e . MRS, X Eegs R AML
S PR A 2 I S T P R A e T R MR A, b K ) 22 RS A5 A rh T iy T A DX
3.3. AML fpagfifiata Re] R4 E R4 RE FEM SR TR

ST 2 G i vy St AR T m o, AT PR X e B R 2 R R R S I
S [KF(transcription factor, TF)i% 4 7E pHSC. LSC & AML JRIG41iB(AML blast) A4 2 18] AR AL AR <

R, FRATHETHE 1) bulk ATAC-seq ##5, KA TOBIAS %47 2 725 73 # (foot printing) [21], #
W e S DR 745 Eim 1, FFRE R R AR A 2 TRDHEAT R (WL 5 3093 ) o 7 5 B HE SR DN 1 X0 2 T W 22 235
W H B A A2 2 2R R (B 3(A). £ pHSC 1, BiZfE5EHET GATA FiEEFK T
GATA1/2/3 B AR, 5 ILAEE /4040 fe 4 RF A R R 45 e H —3[22] [23]. 7E LSC H#,
ETS FKEFHF K7W ELK1. ETVA) IG5 EANEE, KEHSAMEE. (555K S KPR N5
(K FE[24] [25]. £ AML blast 1, CEBP ¢ NFY KGN TR lM5 5 B 548, RWHTHH5
B8 2 Ak S A0 B P R P AH DG, 5 1 L5 5 4 240 oL 98 1 39 i B B S M — [ 26] [27]

PR PR LA ) e S TR 1 R i A A — 30 S0 B AR (1] 3(B)). #HELT pHSC, LSC "' GATA KKkH
SR FIEPERRAS, 1 ETS FRFE R FidtE = £ & AML blast I ELALH, W M%E3] CEBP & NFY
SERE R TIR TR O . X B AL pHSC-LSC-AML blast % S H 5 [ #a %, 11 AR 46 AS [F) 4H M B 4K a) it
WL, R LSC 2RI Hh ) Y (1) 8 S5 R 136 PR ARRALE o

N ARG RN N A R B A ) 1, FRATTIE T TOBIAS 50T 5 55w L T
SR FRE % 1T 43 (TF specificity score), & COAHE— 5 115 B b4 M B4 rb 1) 2 285 5980 25 e oA
B R B S I . AR ZVP S, BB s DR U5 288 2 DG V7 P e v D A R A, 07 it
AR BRI 5 S R (T 38y, 19 3(0))e 5 Bk A% —51, GATA MIEESEH T-7£ pHSC
B4, ETS M T4 LSC F &4, 1fi CEBP & NFY M A T7F AML blast F &4, Lik4h
RRW, AML ZHFE R ] (0 G 57 n] Jo v 22 R R BN B 540 BEIA R A 103 R Fis e A, ik
2R B .

NEGE IR Mgk R Fadd b, AT R MO IR T motif 197774756 E . Homer 252814
HTAEAS [F) 40 M B A rp i 0 21 22 53 PR 1 motif & 468X, f14§ GATACEBP A AP-1 K 3% KT motif,
KRR e E B, 52 ras R—F(WJ7iEH 7, & S3(A)). M4k, chromVAR [29]50#r
BT 2 A T motif AH OC AT S PEAR Ak, R 5% B — 301 i S R s M 22 (W7 VR 4, I S3(B))s
T B R A At Mo HE 7 1Y) deviation FABISSFEFEARZ I EI 1 iR Z B A (E S3(C), Bl S3(D)). ik
BT oA SE R S BIA TF 36 122 R i Radid b .

25 LATIR, AML 4H PR B] 1) G 57 AT S P 22 AR B A R aut: HEA BE AR 1R S B d AR A
XA A0 R 22 SR AR A0 M REIRAS I PR 3, R IAAS RGN B BT AT g5 Ak, BEAR DR
R e S R FiE LA
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Figure 3. Structured, distinct transcription factor activity patterns accompany chromatin accessibility differences across AML

cell populations

3. AML R E R & A R E R R RE TR NSRS R ER

DOI: 10.12677/hjbm.2026.163060

586

AR


https://doi.org/10.12677/hjbm.2026.163060

M, A SE

3.4. AML ZfaEHFEHERTEBIEEREREN T XHENERETEHR

IR TR, AML 40 BEARLE B2 €051 nT R A R HEWT (1% 5% X F~(transcription factor, TF)¥d& 4 2 [H 77
£, HIXEZERIE pHSC. LSC K& AML JF 441 ffii(AML blast)Z [ Sk 2 ES AR B ES . it
— AT AML SRR AS 2 18] ) 1 4% 22 57 32 BRI T S 2 TR 2 I 45 12T, FRATHES RNA I
J¥(RNA sequencing, RNA-seq)8#i 15 Gu a5 v S PEHHE, M IERIFRIA S Sk [ 7 - #EJE K (TF-target gene,
TE-TG) A ERE WA Z AT 8T %00 B RN Gt S sk IR J2 T (1 WL % B T o S I i 45
REZE e, T AR A T 1 X 24 25 R A R AT 4

15 ATAC-seq 7T — UMM AHESE T, AT E T pHSC. LSC M AML blast [k & RNA-seq
TR, HdAT 2 T RIE W55 5) - 45 B BoR, = RAMMBERTE R FoKCP F AR % 25 (E 4A).
AR ML DR 2B HE BH A ) B A O o R A X 5 T 4B A AL 4 I AF 5% B 1 4% R (40 PBX1 . TAL1){E
pHSC WA, FETE LSC J2 AML blast HiZ T PR 1558l 2 234k 2 2408 D) R AH OC 1) 24 Kl (i RNASE2)
7t AML blast 1 FiH[30][31]. LSC {EiXLE 3L PR AR He vh I H o | BY SRk 850, %F B iR SRR i Dy e & S50
Btk — 2 3CRF Bk 2 7 (18] 4(B)): pHSC AHOCEE R & 48 T A MBS 2 A0 50 i W AH SG i 2% , 1 AML blast
M BT G RN S AT A G AR . S —3, RN SRR M RIA R AE— B L LIX AT
M, EANREH S HEE(E 4(0). HIRGEREY], AML MR AAE Gs 051 v] S M 2 s R+
YRR, PR Ir 22U KA EEL, Hd LSC RIHE AT pHSC 5 AML blast 2
[ ey o ] Y R s A 2

N BB AR, AT RS e T ] o SRR R A, SR PECA2 kM TF-TG
VREM LG (W I7255) [32]. WIS LI BoR, AN AR 2 A s T A R A Bs =S ((H
4(D)), $ern Bl N A AR R S . AL Z R, BEERDR 2 0 E SRR R, WTE TF-TG &2 M
(1 B B A o PRI, FEASHIE 72 B8-S 0 HTAE SR T, AML i B4 2 1) 5 2 35 1 22 AR ILAE I i 4 4 &R,
M ARFE SR T AR 5 (I e 285G T g i Y428 0 A ' 4R S s DRl Fim R A 2, IX — 5 RSO A
B AML ZHRRES 2 [A) 4 22 S 2 YR T 40 SL 2 RIS HESE N TF-TG &R A, T E 4 B 1)
B

FVEAL EaR A S 5 R IE T A S5 A T AR RIS, FRATTAE B 1 5 30 SI o 286 S ITC TC P o L R 2%
HEAT X R A (W7 VERR 4, Bl S4(A)). TEBENLINZS Hh, #E5R7 J DR 1 B 5 TR T4 /0, 1) TF-
TG EBMESHAEL. HILZ T, BRI NP ERE WA TES ., BEERNES LK
ETRENLTUN TF-TG & EHS . &85 R, W B 2% B SR Tk NS RE, MRS
TESC R AL S N TR S M P 22 RIS T

%o fe ELAE FE RIS B R N — D TR 7R, S (5] 40 MR A LE X 25 P S5 48 TR A7 AE R G 22 e (L 5 3
oy, EAE), F 4(F)). CHERENELIE R BT X B T 25 5 S IR 150 K% 0 48 B AR B 545 4, /F pHISC
LSC J AML blast Z [HI3AF1EZE 7, $eon 7E 7 55 TR 20 AR 0 R s L, IR 2207 O AR T B0
EAFE R, MRS B FE A R A0 B AR o AN R A S O], T () — 4 R D el A ) Py e S R
HATREE, RPHERT RS REA R Z A T ) 2 .

B0 Hh,  FRATAE BN S R 1 J2 TN A% B A AT B Ak, 38 OB AE AN (] 240 R A A o (0 SR Sk [
BA MMEE LCE I (rewiring score) (WITVEHIGR) . 45 R H— R A BEE M ) A1, A4
HOX FJ%. GATAI/TALl. CEBPA/CEBPD. WTI1. STAT5A & IRF F A (14 S4(B)). XLt 1
TEAN [F) 40 B A ohoof B () BB L DR AR 6 AR B 3 04k, B LR E T B 2400 T #e 08 R I e, Tk
(] 7 (L R R T
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HERE, JB7R pHSC. LSC K AML blast X [AJMFARM G R Z R . FEARIRAMEEA4r: (D) R RET
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Figure 4. Inferred regulatory network rewiring reveals differences across AML cell populations beyond shared transcription
factor repertoires
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M, A SE

NEEAMEE T R R R B, RATIERBR R M R 71T Bk B (B 4(G)). #lin, GATA2 fE
pHSC ¥ Z iR 5 1 T/4H 40 f D REAR S O FE R [33], 7E LSC A AML blast 1, HELFERI4E &80
TR, [RIINH R BE 3T A0 I IR 3115 e JEA R 225 . RUNXI JRZEH S SRAL A0 40 35 PRI 2L i A8 AL i K 341
IR SE LR, sk R 7 - BEEE IR DG RAEAS [RI 40 B A A 1) A2 6 3% 202, 6 pHSC-LSC-AML blast F
A BT, ik — B A AW 5, IRATE ST 775G M A2 s 2 B o e 1 % R 7
(B S4(C)). HH, HOXA11 7E AML blast 3R KEH I IAEIE, 11 GATA1 MIFEM pHSC F| AML
blast I3 2 g W e FLR e, RoR IR SRR P I8 P 8 3 5]

25 LATAR, AML BT SR 7l E RA RS, (A7E TF-TG WS E A E R %
ZES . AWEFRGRFW, AML YIRS 2 0 R 2 53 8 BRI TF-TG WP ER I ER, M
At SR IR 72 R e
4. Wig

SWERE R 1% (acute myeloid leukemia, AML) TEZ T # 1R y—Ff i 22 Pl EAH MO B4 3L [RGB
Wi, IR LA FRBE AT RS KT RERFAE By B8, ARG M 5e 4 2 B IS BT 3] [4] [36]. AHFFLLL
FBEHX—NHMA—8, IR, pHSC-LSC-AML blast 3X —HE 42 55 3 & 4l FRAR Y — T4k 1 R 42 0,
TR 4 BRI A R BRAEWT 008 R4S 7 A I BB D BEARFAIE XS AML 4HMUBEAIEATRI 2, IFR
IR LG R X5 BT AR XS J ST R4 FE P [37] [38]0 EABEFH, i B4 3 T30 AN M 43 1% (fluorescence-ac-
tivated cell sorting, FACS)i& X ] pHSC. LSC J blast # &) ##t & ATAC-seq /2 RNA JllJ¥(RNA sequencing,
RNA-seq) i, FATR NI LA BIRAS 2 1R (45 22 S S0 o AR I TE 4 = e i o] S M2 18T, 1 B 22 DR Tk
izt E o . B AR £ 1 e K F (transcription factor, TF)i% 14 A 4 % [Kl-F — ¥EFE [K|(TF-tar-
get gene, TF-TG) I EEN AR . ZREKE, XL TR, AML 4R 2 18] ) 48 7 3 = BRI T
FEH A S PRI HESE P R B3V R 4502 322 BE M (selective rewiring), T JEFE S R 2H i) B 4K

KRR — AN EERIE, BRG] R ETEX 7 AML 4URCRAS T TH I RE A R K% pHSC.
LSC J blast #EARLER JMEHT o FE B 24T S 32 5oy o0 M o 3R I — S I E AR AR DG S5 4, (RTI A7 A 2
o X RGBT AML AH YR M R A7 7 S 20 B33 W A5 DR 20 2 8] o A i I 0 85 AR WL 48— 30
[4] [39], $7mix L MOPR A 2 18] U 4500 5 0] BB ANG A% Gt 2 GOR B BT (R 8 1 IS E WA M o (LA R 2
X 53~ AN [ 40 6 A P e €00 I 22 2 B AR b T o AR o . Z5 S M) R X E B R AR T A 8 X R Ui
FEREIX, $878 AML 20 R AS 2 18] (1 42 2 5 0 i ik DA i 7 i O i TR a5 M T 4, TR
PR )8 B AR X3, 3 — W %% 5 2 i N Q8 42 0 A 7 48 1L 2R 90 200 A 5 43 44 35 PR A T 98 i v (1) B A
FAAH—3[4] [40] [41]. FEIX—E RN, ABFFLERdt— BRIV, AML 40 MDIRZS 8] R 4538 7 58 2 4R8N
o AR M R 4% oA (U B8 ) R e A, T Sl Bl 1 2 (R R KT U

Xof A 3 DR W R R A I % (R K 4 sk — 8 SR BRI A HEBT I S IRl TS EE pHSC-LSC-
AML blast i 28 H M2z, Hrb pHSC &4 GATA MM, LSC &4 ETS 5%, M AML
blast U] & 4 CEBP J¢ NFY AHOGTEM: . ix £efSis07R 15 257 motif /3T SRR, KA AML 40 R AS X
TSN PSR SRR, IR — SR AN . EAERMZ, LSC 72 LRI+
[ BURRAE, REOR B 504 TN MM SC TR 4FAE, RIS SOIRTG 2015 blast A< 154 35 iy R AE

KB T2 RGBT R e 98 HH R R B VR I 48 2 T 1 S 3 Ak . YRR AML ZHMUIRAS 2 11 3%
R4 s B A B 3Lk, (AFESEBE R 2 M R SR RIS, MifE TF-TG &R 2 E SR, X4
TR, AML 4HHORAS 2 18] A1 5 22 5 5 2 BRI NG S R 7 - SRR 0 R I E M, MR R A
SE . SN, XA R A IRE LA A — i B, RTRE R IRE ZE . R
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i, e 5E

IR EEEZI . FRMEAICIZ B IR IR A S 2 PR 3 . FE AN SRR )2 10, [N AE SRR DR () PR B
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Figure S2. Differentially accessible regions across AML cell populations are enriched at distal regulatory elements
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Figure S3. Independent motif-based analyses support population-biased models of transcription factor activity across AML cell
populations

S3. EHTF motif BUIh S DA AML fRREEHAEEE R AT E MBI REER

2ZNF2:
ZNFGM
REL

DOI: 10.12677/hjbm.2026.163060 596 st


https://doi.org/10.12677/hjbm.2026.163060

oW S

BREATF (TF) BEE (TG) TF-TG i@iEiE
0.6
1.0 1.0 o o O
O O O 053
@
0.41
i 091 084 04+ [ ]
034
i S
=
B 0.63
8081 078 06+ .
s (¢ 0.2
0.74
e 0.‘6
0.7 4 o_g., .
1 036
[5) 00 © o 2
an\f’ p g | O 2 qg\—sc' “\‘b\“"’ ot c ‘lg\ﬁ’c' P“\,v\"’s oo
N s ) N ¥ s S s ¥
¢ C C 9 C C e e \5©
B C HOXA11 BEREH (rewiring)
wearct | —"
GAPT
voes| I
IKZF1
MYB
GATA1 $BEEEH (rewiring)
voer |
e |
wr
st |
0.00 0.25 0.75 1.00

BT (1 - FIEEE Jaccard L)

pHSC

LsC

AML blast

BERR
el

LE |

BERR

T

| =S
Hty

(A) pHSC. LSC K& AML JEIH4HI(AML blast)if$2 2% #5435 [Kl - (transcription factor, TF). #E3E[H (target gene, TG)
J TF-TG W#EERER PP Jaccard B, T00 s K~ TBRIIAE, 750 s F 7 18 RS G (1 [ AL 9 255w (1 S B84
(B) T HM P53 (rewiring score) WK A F#EATHE T o %P5 5€ SO HAEA R BB A4k R 3L K 525 Jaccard AR
PERPPIE RN, PPo 8 g 2 0] 2 53 DR 7 7 TR A% P 2% rp ) R B R 3 AR R 1 ; (C) Sankey KBl
PEFG SR FIEAS RN MR 1Y) TF-TG BB . ARIFEMIRF RN TF-TG Wik £ ERE S E K.

Figure S4. Quantitative analyses further support extensive inferred regulatory network rewiring across AML cell populations
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