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5-FU: 5- fluorouracil
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ACK: Ammonium-Chloride-Potassium

AM: acetoxymethyl ester

APC: allophycocyanin

Atgl12: Autophagy-related protein 12

BrdU: Bromodeoxyuridine

BDF1: B6D2F1

BV: Brilliant Violet

CaMK: Calcium/Calmodulin Dependent Protein Kinase

CaMKK2: Calcium/Calmodulin Dependent Protein Kinase Kinase 2

CD: Cluster of differentiation

CDK: Cyclin dependent protein kinease

CLP: common lymphoid progenitor

CMP: common myeloid progenitor

Cre: Cre recombinase

CREB: cAMP response element binding protein

Cy7:cyanin 7



DNA: deoxyribonucleic acid

DP: double positive

ES: embryonic stem

EPO: erythropoietin

ERK: Extracellular Signal-regulated Kinase

FIt3: fms like tyrosine kinase 3

GFP: Green fruorescent protein

GMP: granulocyte/macrophage progenitor

HIF1la: Hypoxia inducible factor 1 alpha

KlI: knock in

LPS: Lipopolysaccharide

LT-HSCs: long-term hematopoietic stem cells

MCU1: mitochondrial calcium uniporterl

MEP: megakaryo/erythroid progenitor

MFI: mean fluorescent intensity

Mfn2: Mitofusin 2

mMTOR: mammalian target of rapamycin

MPP: multi-potent progenitor



MPs: myeloid progenitors

NFAT: Nuclear factor of activated T cells

PBS: Phosphate buffered saline

PCR: polymerase chain reaction

Pdk: Pyruvate dehydrogenase kinase

PE: Phycoerythrin

PERK: PKR-like endoplasmic reticulum kinase
PI3K: phosphatidylinositol 3-kinase

PolyIC: polyinosinic-polycytidylic acid

Ras: Rat salcoma viral oncogene

RASAL1: RasGAP-activating-like protein 1
GAP: GTPase-activating proteins

GTP: Guanosine triphosphate

Rb: Retinoblastoma

SERCA: sarco/endoplasmic reticulum Ca**-ATPase
Scal: stem cell antigen 1

SCF: stem cell factor

ST-HSCs: short-term hematopoietic stem cells



TSC: Tuberous sclerosis complex

TPO: thrombopoietin

Vavl: Vav Guanine Nucleotide Exchange Factor 1
VHL: Von Hippel-Lindau

WT: wild type
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EDOBRENH D Z ENRBIND,

FLTSC O/ v 77U MIEMEHME T b= FU T OR(bE) Y iRl
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expression 2M&2 o 7z 26 . CD150-High & M id i 5 #6ER Db/ A 7
AZFLTNDHZ ERMBLATEY 26  CD150-High (281 50k T A &
A ENm A>T DO R S L7z, £ 72— T non-canonical wnt >
7 FATEMEMIIC T LRI V> U A F % RV LD MERN IV T LD
Mz L. NFAT OIFPEE 262 Z & AMmE Sh T 5D, EEFEE
PETRY NFAT 0D i el 58 B 3o i i e oD i el J8) B D AT 2 {2t L. NFAT o
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?J v 7T U MIE DO/ OEIT 2 REST D LV O WMIERH D
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p27 I% CDK inhibitor ®—-2>7T, GO #1725 Gy Bl ~OHEITREI ML E ~FAT
L7zDH 2930 | E3ligase KPCIC L W 2 FF L ibEf, a7 7 YV —Aalck
D3RS iuD 31 MBFSEEE TILLARNIC p27 2 W8 GO ~— 1 — B %
#T-7= 32, p27 ® CDK binding domain ¢ mutant (p27K-)ix CDK {4 % #
H L2z ERNIBNTED 38  p27K & mVenus DOt A 2 4 mVenus-p27K
Z{ER L. mVenus-p27K 7% NIH-3T3 |2 CHEfR 2 M35 Z £ 72 <. GO
MOHZ~—0FTHZENRINTND 32

AEFME, #HH GO ~—H—Tdh 2 mVenus-p27TK% /v 7 A LIz~ T A
ZAERL L. IEMEHALO GO H17> & Mfa & H O HELT O FAEEFF 2 D TR &

1T-7,
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C57BL/6N ~ 7 A X HA SLC (§d, HA) »HHEA L7z, C57BL/6-Ly5.1
YU RFTEAT R R G, AR HHEA L,

RosamVenusp2TK-Kl/<2 77 A ZGTRINL DT O X —F T 4 T X7 HZ—L LT
STOP-eGFP-ROSA26TV (M, £k, HA) |Z mVenusp27K 32 2477/ 1
—=r7 L7, KYL1ES#ifla CRBxRY:, Kk, AA) ~BEmom@y iz
feRb—vary A7V —=2T%{T7o723 , AERHAY I Ex—T=
YEAUZESHIR a—  ORIEDTD, Tt 74 ~—I12TH7 / LA PCR %
1To72,
Primerl (5’-ctctatggcttctgaggeggaaagaaccag-3)
Primer2 (5’-ctttaagagccatggcaatgttcaagcagg-3’)

PCRIZTAY RO TE =7 a— 1%t LT, EcoR I THLEL L7 ) A
DNA % 5’extarnal probe Z AW CH V7o v b &{T7-o77,

RERTAY arvx—rarzAd Uk ESHilds n— %, C57BL/6X
BDF1 ~ 7 ZAHROMBIUNIEA LTz, AENTZF A T~ T ZADRE% C57BL/6
~ U ADHEE B L ) v 7 A T LV EFT 5 RosamVenus p2TK K< 17 2 R

RIS U7, BSZ L7z RosamVenusp27KKI-<r7 2 & Vavl-Cre <~ 7 A 35 L A3l
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L7,
B E AW T X TOERIL, RRRFEMERZESORBZZIT TYTo

77*4
—o

~ U 2B TR

RosamVenus p2TKKU-< 7 2 | IR AFMNL% . RIS Z B0 L 50 mN NaOH 300
©n195°CIZT 15 &%, 1M TrissHC150 pl CHFICCTHIH L7257/ A
DNAZLLTDO7 T4 ~—t >y 2 M\ PCR 21T-72,382bp D/N RDH %
RBODHDEERAREELIR, 255bp DN ROREFRD D b O & B AERIK
EHAIR, 382bp & 255bp D 2 DN RERBDDHE DA ~T T AR & HE
L7,

By V) UEART ) L@ Fowrd: 5-CCCAAAGTCGCTCTGAGTTGT-3

2557 1V L Reverse: 5-GGGTCGTTTGTTCGGATCCAT-3’

#yA=#7” U JL Reverse: 5-CACCAGGTTAGCCTTAAGCC-3’

Za—%A FA MY —fFT
AAH IR R IRADICERIR L7z, M, Rl 32 JAEALIE 2 fi L 7o~ 7 A &

DHGH%E, 46 um AT 4V Z—ETTVO5L, PBSICRET L &
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R 2 R U, BRI KR, R AL, WA 5 )T Y
EEL21GIESHZMOPBSICTY 7 v a7 7 b LERER L 7o, A i, AR,
BT ACK lysis buffer (150 mM ammonium chloride, 10 mM potassium
bicarbonate, 10 u M EDTA disodium) (Z CIFIMAFRZ1T -7, BHilE
biotin-conjugated anti-Gr1 antibody (Clone: RB6-8C5, BioLegend, San
Diego, CA, USA) . biotin-conjugated anti-Macl antibody (Clone: M1/70,
BioLegend, San Diego, CA, USA) . biotin-conjugated anti-Ter119 antibody
(Clone: TER-119, BioLegend, San Diego, CA, USA) . biotin-conjugated
anti-B220 antibody (Clone:53-7.3, BioLegend, San Diego, CA, USA)
(1:1000) (2T 4°C 10 %3 Tt L 72,1500 rpm T 5 4yiz s L _EIE & PRV %,
300 ul CHI%E L. streptavidin-microbeads (Militenyi Biotec, BG, GER) 6
ul ZiNz 4°C 15 73 T L, MACS 7 7 & (Militenyi Biotec, BG, GER) (Z
TRESAMI B 21T - 72, R0 CMEE L7 Z UL F O HiA & Propidium
Todide % 721% Diamidino-Phenylidole (Z T L7-, 7 u—H% A h X b U —fif
it BD 7a—H%4 kA KU — Aria (BD Bioscience, San Jose, CA, USA) .
BD 7u—4A kX b U— Verse (BD Bioscience, San Jose, CA, USA) 12T

1To72,
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PE-conjugated anti-CD45.1 antibody (Clone: A20, BioLegend, San Diego,
CA, USA)

APC-CyT7-conjugated anti-CD45.2 antibody (Clone: 104, BioLegend, San
Diego, CA, USA)

APC-conjugated anti-Gr1l antibody (Clone: RB6-8C5, BioLegend, San Diego,
CA, USA)

APC-conjugated anti-Mac1 antibody (Clone:M1/70, BioLegend, San Diego,
CA, USA)

PE-Cy7-conjugated anti-B220 antibody (Clone:RA3-6B2, BioLegend, San
Diego, CA, USA)

BV421-conjugated anti-CD4 antibody (Clone:GK1.5, BioLegend, San Diego,
CA, USA)

BV421-conjugated anti-CD8a antibody (Clone:53-6.7, BioLegend, San Diego,
CA, USA)

PE-conjugated anti-CD150 antibody (Clone:TC15-12F12.2, BioLegend, San
Diego, CA, USA)

APC-conjugated anti-CD150 antibody (Clone:TC15-12F12.2, BioLegend,

San Diego, CA, USA)
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BV605-conjugated anti-CD150 antibody (Clone:TC15-12F12.2, BioLegend,
San Diego, CA, USA)

BV421-conjugated anti-CD48 antibody (Clone:HAM48-1, BioLegend, San
Diego, CA, USA)

eF450-conjugated anti-CD34 antibody (Clone:RAM34, e-Bioscience, San
Diego, CA, USA)

PE-Cy7-conjugated anti-FIt3 antibody (Clone:, BioLegend, San Diego, CA,
USA)

APC-conjugated anti-Scal antibody (Clone: D7, BioLegend, San Diego, CA,
USA)

BV421-conjugated anti-Scal antibody (Clone: D7, BioLegend, San Diego,
CA, USA)

BV785-conjugated anti-Scal antibody (Clone: D7, BioLegend, San Diego,
CA, USA)

PE-Cy7-conjugated anti-cKit antibody (Clone: 2B8, BioLegend, San Diego,
CA, USA)

BV605-conjugated streptavidin (BioLegend, San Diego, CA, USA)

BV421-conjugated streptavidin (BioLegend, San Diego, CA, USA)
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PE-tex-conjugated streptavidin (BioLegend, San Diego, CA, USA)

BB A V> 7 L OREL CaSiR (IFE(LS, LR, HA) 0.3 pMIZT
5%CO2 F{E T 37TCICT 30 /31T >72, X bar KU T 7 AOREL
Rhod2 (Abcam, Cambridge, UK) 0.3 ¢ M IZT 5%CO2 77 F 37°CIiZT 304y
1To7,

5575 —# 1% Flowdo software (FlowJo, LCC, Ashland, OR, USA) T

fiEtT Uiz,

MR N HUR G

F PR Yt OB B Lineage-Negative fliii 2 4% Para-formaldehyde
(PFA) (Wako, KB, HA) =il 15 4312 CTHEER. 0.2% tritonX (Wako, KK,
HA) +10% Goat serum (Sigma-Aldrich, MO, USA) 2T 4°C60 4y TiZimALFE
ET7vy 7T ERTVD, FRRO 1 IRFUKIZT 4C 30 7r TYtai%z, Alexa-Fluor
647-conjugated Goat anti-Rabbit IgG antibody (2T 4°C30 /i THE LTz,
TJa—HA A MY —fiEHIEBD 7a—H% A K A U — Aria (BD Bioscience,

San Jose, CA, USA) (2 T{T-o7-,

APC-conjugated anti-Ki67 antibody (Clone: 16A8, BioLegend, San Diego,

18



CA, USA)

Alexa Fluor 647-conjugated anti-pRb (Ser807/811) antibody (Clone :
D20B12, Cell Signaling Technology, USA )

Alexa Fluor 647-conjugated anti-pS6 (Ser235/236) antibody (Clone :
D57.2.2E, Cell Signaling Technology, USA)

Rabbit anti-Cdk4 antibody (Clone : EPR17525, Abcam, Cambridge, UK)
mouse anti-Cdk6 antibody (Clone: DSC-87, Santa Cruz Biolechnology, CA,
USA)

Rabbit ant-pp130 antibody (Clone : EPR2389, Abcam, Cambridge, UK)

TRV TA=VTT kA

BrdU (Sigma-Aldrich, MO, USA) % 800 u g/ml M2 T/KIZIEE, 14 H
MR OG- L, 5T XY Day 0, Day 60 |2 CH#MIEAZEE L Lineage
deletion. FHEHUR YA D%, BrdU staining Kit (BD Bioscience, San Jose, CA,
USA) @ Cytofix solution |2 T=i 20 /7 CTEHE. Cytofix/permeabilize
slution (2T 15 77 4°C TiFEiALER, Cytofix solution (2 TR 5 I CTHEE L
77o D1 300 u g/ml ® DNAase I 37CT 1 )& L. APC-conjugated

anti-BrdU antibody (Z T={R 20 /34 a L7, fi#frid BD 7 m—H% A KA KU
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— Aria (BD Bioscience, San Jose, CA, USA) (ZTiT-7=,

B A A—Y 7

HH#E L Y mVenus-High LT-HSCs, mVenus-Low HSCs. mVenus-Negative
LT-HSCs., mVenus-Negative 2N LT-HSCs, mVenus-Negative 4N LT-HSCs,
mVenus-High/CaSiR-High LT-HSCs, mVenus-High/CaSiR-Low LT-HSCs %
96 well U bottom plate (Corning, NY, USA) 1well (Z 1 fijaz YV —7 17 L
72o Stem span (STEMCELL TECHNOLOGY, Vancouver, CAN). mouse
recombinant SCF (R&D system, MN, USA) 50 ng/ml. human recombinant
TPO (R&D system, MN, USA) 50 ng/ml FiZC ECRIPSE Ti (Nikon, g,
HA) 12T 10 fEAIAR S L v X FITC 7 4 /L2 —127T 30 5345 & 12 96 K]
* T Lz, BUS L7248 1% NIS Element (Nikon, HE, HA) 2 THHTL

7’:,
—o

FHEEKT v&A
B X Y mVenus-Positive LT-HSCs # ¥ —7 1 > L. Stem span
(STEMCELL TECHNOLOGY, Vancouver, CAN). mouse recombinant SCF

(R&D system, MN, USA) 50ng/ml, human recombinant TPO (R&D system,
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MN, USA) 50 ng/ml & FHEHAZ LU T OPREEIZ T 24 i, 5% CO2 37CITTH:
‘LR, 7ua—VA bA N)—ICTHT 21T o 72, AERA 7 U —=71%
HORURZE RIS 7 O 12k 2 52 T R RBEAN O 1280 DALEMT L 3 1
MIZTITo 7z,

PD0332991 (CDK4/6 inhibitor, AdooQ Bioscience, CA, USA) 1 ¢ M
Roscobitine (CDK1/2 inhibitor, Cell Signaling Technology, USA) 20 M
PD98059 (MEK1/2 inhibitor, Cell Signaling Technology, USA) 20 u M
Ly294002 (PI3K inhibitor, Cell Signaling Technology, USA) 20 ¢ M

PP2 (SRC inhibitor, Abcam, Cambridge, UK) 5 M

SB203580 (p38 MAPK inhibitor, Cell Signaling Technology, , USA) 10 1 M,
Calcimycin (Calcium ionophore, Abcam, Cambridge, UK) 1 u M

Thapsigargin (SERCA inhibitor, Abcam, Cambridge, UK) 0.1 M

[FI TR RERAE

RosamVenusp27KKIVay]-Cre+ % 72 [X RosamVenus p27K-KIVay1-Cre-~ 7 A K
D EREL L 7= 2B BEAI N 2.5 X 105, RosamVenusp27KKI-Vay]1-Cre+~ 7 A K V) B
L 72 mVenus-High LT-HSCs, mVenus-Low LT-HSCs., mVenus-Negative

LT-HSCs 100 #ifal, % 7-13% RosamVenus-p27K-KI-;Vay1-Cre+~ 7 & X V) Hiff L7~
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mVenus-High/CaSiR-High LT-HSCs, mVenus-High/CaSiR-Low LT-HSCs
100 A% C57B6/J ~ 7 A L 0 £H L 7 2B fffiia 2.5 X 105 & 32 PBS 200
pLIZHRE L. 8-12 1l C57B6/d ~ U AT EIERHIS B (475 rad % 4 FF[H]

FBEIZ2E) B L-RICBRE LT,

Jolla, CA, USA) MWW TiTo 70, BAEDRIL, TR TERFELOERERE
(standard error of the mean, SEM)Tdh 5, 2 HEM DO HlkIX, WIRAJIZIER S
MZHED Z & ZMERL7ZDD, FRRIEZAITV, HEBOGRBEMIC Tl T BE 4
17272, 3R EDO#IT ANOVA OREZITV, FLl G HEiIC T

Tukey-kramer (2 CTHIEZ1T > 72, P<0.05 TH L5 Mt FHICAETH

5HE LT,
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ZH

HHGO~—I—N G0 Z~—7 L TWAN &4 % 7-% . mVenus-p27K-
& BEAEOMINEE ]~ — 1 — D A AT > 72, GO ~— A —5MERIIE D RKER 53 3
Ki67-Tdh ¥ . mVenus-p27K- LM EKFZ ML NTE GOlez~—2rF252 &
MR STz, £72 GO ~— I —IX Ki67T-T~v—7 Zivd GO #l% GO ~— 71—
DHENIRENZ LV BICHBET 2 2 EMARETH D Z & &R LT,

EMEALD GO ~— 7 — OHOEIRE = & OMaE B ORI TIX, In vitro
DRGHRE TGS MO GO < — B —5HEMIEN T GO ~— 1 — O dOETREE D
F70 R T RFF NI 21T A Bz > 7253, BrdU label retaining assay
TIL GO ~— B — DR O @ Wil Bed U BRI O 7% /7232 < (in vivo
T3 M AR Y BTN TlE GO~ — 7 — OE SR A3 8\ Il 39 2 FE DMK
WZ ExRLT,

EMEIO GO ~— B —OHE A Z & OB RS RE ORI TIL. GO
~ =N —OFEBOE O THEREESEN m < GO v = —DREIH DK
UNAERE, B2 OAMIE T BE A SERE MR o 72, GO Ml o& i epiifia o T
HEEZ, GO ~— I — DO HEOEIRE DRV HIRL I B BE AR MR T2 &
Sz LERL,

GO ~— 1 — DO REHERE DM Tl1%. CDK4/6 inhibitor (I3 (12X 5 GO
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—H — BRI &R 2T Ls, £72 GO ~— B — OFRBLME 1 i ik
~@® CDK4/6 inhibitor treat 1% GO ~— 7 — DI AN S W7~ 1E M il
TI% GO ~— % —High 75 GO ~— % —Low/Negative ~D#%41T7121% CDK4/6
EENRMETH Y . GO ~—H —Low TIHEW GO ~— B — D TR DOHERE
I21% CDK4/6 DIFHENR VA TH D Z L BRENT,

M AIR AR N L MREER E <L i MR 2y BN T GO
= — OFNFRE D m O THAAE AN L LT MREN W LIRS
Too F72 GO ~— 1 — D IR A im O IE Ml e 2 AR N L S 7 AT
THBET 2 & FBRENI VST AOFEWSE T in vitro TO 4 E TORE
AR <, B CITERIFBERES S VMEHNA D Y | & IR Tl E N

TN DPREEPMRIEBIOHIE, wpilabaell BG4 5 FIRErE RIR ST,
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