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Extended Data Fig. 1 | Dnmt3a KO hematopoietic cells are not selected with aging.
a) representative flow cytometry analysis of donor cells at the end of the in vitro CRISPR
protocol, at the time of transplantation; left panels are gated on live, lineageNE® cells, right
panels are gated on HSPC. b) results from TIDE analysis of PCR products spanning the
genomic target regions of Tet2 CRISPR (top) or Dnmt3a CRISPR (bottom) from cells
subjected to CRISPR for the indicated genes. c¢) Ratio of Dnmt3a KO/WT cells over time
in the peripheral blood of recipient young or old mice. d-e) relative Dnmt3a KO/WT
expansion normalized by the ratio of transplanted cells in the bone marrow MyP or HSC
of recipient mice at 16 weeks after primary transplantation (d) or 16 weeks after

secondary transplantation (e).




Extended Data Figure 2
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Extended Data Fig. 2 | Aging is associated with increased flow cytometry detection
of myeloid biased HSC expressing CD150, CD41 and CD27. Flow cytometry analysis
of bone marrow HSC from female mice of the indicated ages and MyHSC quantification
by CD150-CD41 expression (a) or CD150-CD27 expression (b).




Extended data Figure 3
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Extended Data Fig. 3 | Tet2 KO cells from aged donor MyHSC or LyHSC show
similar levels of selection. Relative Tet2 KO/WT expansion normalized by the ratio of
transplanted cells for the indicated donor LyHSC of MyHSC cells in the different
populations in the bone marrow of recipient mice 12 weeks post-transplantation.




Extended Data Figure 4
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Extended data Fig. 4 | Reduced cycling HSC with aging are rescued by Tet2 KO.
Colored UMAP for cell cycle analysis displaying S and G/2M fraction of cells in LT + ST-

HSC based on gene expression.




Extended Data Figure 5
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Extended Data Fig. 5 | Selection of Tet2 KO cells with aging is not dependent on
alterations in mitochondrial and ribosomal functions. a) Analysis of translation
efficiency by OPP staining of the indicated populations in the bone marrow 12 weeks post
competitive transplantation of Tet2 KO or WT cells. b) Analysis of mitochondrial
membrane potential by TMRE staining of the indicated populations in the bone marrow
12 weeks post non-competitive transplantation of Tet2 KO or WT cells (EGFP tagged
transplanted in different mice). ¢-d) analysis of ROS abundance by CellROX staining (c)
or mitochondrial mass by MTG staining (d) of the indicated populations in the bone
marrow 12 weeks post non-competitive transplantation of Tet2 KO or WT cells (dTomato
tagged transplanted in different mice). e) Experimental design of rapamycin intervention
to assess the role in Tet2 KO age-related expansion. f) Immunoblot analysis of c-Kit-
enriched bone marrow cells from one young or two old non-transplanted mice
administered one dose of rapamycin and sacrificed 12 hours later. g) Relative Tet2
KO/WT expansion in the indicated recipient BM populations normalized by the ratio of

transplanted cells from mice treated with rapamycin or vehicle as indicated.




Supplementary Table 1.

Ribosomal protein genes modulating p53.

Ribosomal protein

References

RPL11

Zhang et al. Molecular Cell Biology 2003'

RPL15 Shi et al. Cancer Cell International 20222

RPL22 Cao et al. Oncotarget 20173; Jansen et al. Cell Reports
20244

RPL23 Dai et al. Molecular Cell Biology 2004°

RPL26 Ofir-Rosenfeld et al. Molecular Cell 2008°

RPL37 Llanos et al. Cell Cycle 20107, Daftuar et al. PLOS 20138

RPL4 He et al. Oncotarget 2015°

RPL5 Dai et al. Journal of Biol Chem 20040

RPL6 Bai et al. Nuclei Acid Research 2014

RPS14 Zhou et al. Oncogene 20132

RPS15 Daftuar et al. PLOS 20138

RPS15A Chen et al. Inern Journal of Oncology 20163

RPS2 Cho et al. Biochem and Bioph Res Comm 2020

RPS20 Daftuar et al. PLOS 20138

RPS25 Zhang et al. Oncogene 2013

RPS26 Cui et al Oncogene 20146

RPS27 Xiong et al. Oncogene 20117

RPS27A Sun et al. Journ of Biolog Chem 20118

RPS27L Xiong et al. Oncogene 20117

RPS3 Yadavilli et al. DNA repair 2009'°

RPS7 Sun et al. Journ of Biolog Chem 20118




Supplementary Methods

Flow cytometry

All flow cytometry experiments were analyzed with a BD CytoFLEX flow cytometer
equipped with violet, blue, yellow and red lasers.

Peripheral blood was stained with the following antibody panel: Per-CP Cyanine 5.5. anti
mouse GR1 1:200, PE-Cyanine7 anti-mouse CD11b 1:200, APC-Cyanine 7 anti-mouse
CD4 1:200, APC-Cyanine 7 anti-mouse CD8a 1:200, BV785 anti-mouse CD45R/B220
1:200, TruStain FcX (anti-mouse CD16/32) 1:100. Blood cell populations were defined as
follows: Neutrophils (DAPINEG, CD11b*, GR1*), Monocytes (DAPINEG, CD11b*, GR1NES),
B-cells (DAPINECG, B220*), T-cells (DAPINEG, CD4*/CD8a").

Bone marrow “Mature” antibody panel was as follows: APC anti-mouse c-Kit 1:100, PE-
Cyanine7 anti-mouse CD11b 1:200, Brilliant Violet 605 anti mouse CD45R/B220 1:100,
Pacific Blue anti-mouse TER-119 1:200, Per-CP Cyanine 5.5 anti-mouse GR1 1:200,
Alexa Fluor anti-mouse CD8a 1:200, Brilliant Violet 510 anti-mouse CD4 1:200, Brilliant
Violet 785 anti-mouse Ly6C 1:200, Near-IR Dead Cell Stain Kit 1:200, TruStain FcX (anti-
mouse CD16/32) 1:100. Cells were stained in 50 yL of FACS buffer for 30 minutes, at 4
°C, in the dark. Cell populations were defined as follows: neutrophils (Near-IRNEC, c-
KitNEG, CD11b*, Ly-6C'°¥, GR1*), monocytes (Near-IR", c-KitNE¢, CD11b*, Ly-6C*, GR1'*%),
B-cells (Near-IRNEC, c-KitNEG, B220%), erythroid cells (Near-IRNEC, c-Kit", TER-119%), CD4*
T-cells (Near-IRNEC, ¢c-KitNEG, CD8a-, CD4*), CD8* T-cells (Near-IRNEC, c-KitNEG CD4NEC,
CD8a").

Bone Marrow “Progenitor” antibody panel was as follows: lineage cocktail (APC-Cyanine
7 anti-mouse TER-119 1:100, APC-Cyanine 7 anti-mouse CD3e 1:100, APC-Cyanine 7
anti-mouse CD8a 1:200, APC-Cyanine 7 anti-mouse CD45R/B220 1:200, APC-Cyanine
7 anti-mouse CD11b 1:200, APC-Cyanine 7 anti-mouse GR1 1:200), Brilliant Violet 785
anti-mouse Sca 1:100, PE-Cyanine 7 anti-mouse c-Kit 1:100, eFluor 660 anti-mouse
CD34 1:200, APC-R700 anti-mouse CD16/32 1:100, Brilliant Violet 421 anti-mouse
CD135 1:100, Brilliant Violet 711 anti-mouse CD127 1:100, Near-IR Dead Cell Stain Kit



1:200, IgG from rat serum 50 pyg/mL. Cells were stained in 50 yL of FACS buffer for 30
minutes, at 4 °C, in the dark. Cell populations were defined as follows: myeloid
progenitors/MyP  (Near-IRNE®,  lineageNt®, c-Kit*, ScaNE®), common lymphoid
progenitors/CLP (Near-IRNEC, lineageNE®, c-Kit°¥, Sca*¥, CD127*, CD135%) common
myeloid progenitors/CMP (Near-IRNEC| lineageNE®, c-Kit*, ScaNEC, CD34*, CD16/32NEC),
granulocyte-monocyte progenitors (Near-IRNEG, lineageNE®, c-Kit*, ScaNE¢, CD34*,
CD16/32%), megakaryocyte erythrocyte progenitors/MEP (Near-IRNEC| lineageNEC, c-Kit*,
ScaNEC, CD34NEG CD16/32NEC).

Bone Marrow “Stem” antibody panel was as follows: lineage cocktail (see above), APC-
Anti mouse Sca 1:100, PE-Cyanine 7 anti-mouse c-Kit 1:100, Brilliant Violet 421 anti-
mouse CD135, Alexa Fluor 700 anti-mouse CD48 1:100, Brilliant Violet 785 anti-mouse
CD150 1:100, Brilliant Violet 711 anti-mouse CD41 1:100, IgG from rat serum 50 pg/mL.
Cells were stained in 100 uL of FACS buffer for 30 minutes, at 4 °C, in the dark. Cell
population were defined as follows: myeloid progenitors/MP (Near-IRNEC, lineage-, c-Kit*,
ScaNEC), HSPC (Near-IRNEC, lineageNEC®, c-Kit*, Sca*), MPP4 (Near-IRNEC, lineageNE®, c-
Kit*, Sca*, CD135%), MPP3 (Near-IRNEC, lineage, c-Kit*, Sca*, CD135NE¢, CD48*,
CD150NEC), MPP2 (Near-IRNE®, [ineageNEC, c-Kit*, Sca*, CD135NEC, CD48*, CD150%),
short-term HSC/ST-HSC (Near-IRNEC, lineageNEC, c-Kit*, Sca*, CD135NEC, CD48NEC,
CD150NEC), HSC (Near-IRNEC, lineageNE®, c-Kit*, Sca*, CD135NECG, CD48NEC, CD150"),
lymphoid-biased HSC/LyHSC (Near-IRNEC, [ineageNEC, c-Kit*, Sca*, CD135NEC, CD48NEC,
CD150"°", CD41NEC), myeloid biased HSC/MyHSC (Near-IRNEC, lineageNE®, c-Kit*, Sca*,
CD135NEC, CD48NEG, CD150M9", CD41*).

For RNA FISH-Flow cells were stained with the following antibody cocktail: APC-Cyanine
7 anti-mouse TER-119 1:100, APC-Cyanine 7 anti-mouse CD3e 1:100, APC-Cyanine 7
anti-mouse CD8a 1:200, APC-Cyanine 7 anti-mouse CD45R/B220 1:200, APC-Cyanine
7 anti-mouse CD11b 1:200, APC-Cyanine 7 anti-mouse GR1 1:200 Brilliant Violet 785
anti-mouse Sca 1:100, Brilliant Violet 711 anti-mouse c-Kit 1:100, Alexa Fluor 700 anti
mouse CD48 1:100, Brilliant Violet 605 anti mouse CD150 1:100, IgG from rat serum 50
pug/mL.



For OPP analysis cells were stained with the following antibody cocktail: lineage cocktail
(APC-Cyanine 7 anti-mouse TER-119 1:100, APC-Cyanine 7 anti-mouse CD3e 1:100,
APC-Cyanine 7 anti-mouse CD8a 1:200, APC-Cyanine 7 anti-mouse CD45R/B220 1:200,
APC-Cyanine 7 anti-mouse CD11b 1:200, APC-Cyanine 7 anti-mouse GR1 1:200),
Brilliant Violet 421 anti-mouse Sca 1:100, PE-Cyanine 7 anti-mouse c-Kit 1:100, Brilliant
Violet 785 anti-mouse CD150 1:100, Alexa Fluor 700 anti mouse CD48 1:100, 1gG from
rat serum 50 pg/mL.

For TMRE assay cells were stained with the following antibody cocktail: lineage cocktail
(APC-Cyanine 7 anti-mouse TER-119 1:100, APC-Cyanine 7 anti-mouse CD3e 1:100,
APC-Cyanine 7 anti-mouse CD8a 1:200, APC-Cyanine 7 anti-mouse CD45R/B220 1:200,
APC-Cyanine 7 anti-mouse CD11b 1:200, APC-Cyanine 7 anti-mouse GR1 1:200), APC
anti-mouse Sca 1:100, PE-Cyanine 7 anti-mouse c-Kit 1:100, Brilliant Violet 785 anti-
mouse CD150 1:100, Brilliant Violet 421 anti mouse CD135 1:100, Alexa Fluor 700 anti
mouse CD48 1:100, Near-IR Dead Cell Stain Kit 1:200, IgG from rat serum 50 pg/mL.

For MTG and CellROX assay cells were stained with the following antibody cocktail:
(APC-Cyanine 7 anti-mouse TER-119 1:100, APC-Cyanine 7 anti-mouse CD3e 1:100,
APC-Cyanine 7 anti-mouse CD8a 1:200, APC-Cyanine 7 anti-mouse CD45R/B220 1:200,
APC-Cyanine 7 anti-mouse CD11b 1:200, APC-Cyanine 7 anti-mouse GR1 1:200), APC
anti-mouse Sca 1:100, Brilliant violet 711 anti-mouse c-Kit 1:100, Brilliant Violet 785 anti-
mouse CD150 1:100, Brilliant Violet 421 anti mouse CD135 1:100, Alexa Fluor 700 anti
mouse CD48 1:100, IgG from rat serum 50 pg/mL.



Supplementary table 2. Reagents and resources details.

REAGENT or RESOURCE | SOURCE | IDENTIFIER
Antibodies

APC-Cyanine 7 anti-mouse TER-119 Biolegend Cat#116223
APC-Cyanine 7 anti-mouse CD3e Biolegend Cat#100330
APC-Cyanine 7 anti-mouse CD4 Biolegend Cat#100526
APC-Cyanine 7 anti-mouse CD8a Biolegend Cat#100714
APC-Cyanine 7 anti-mouse CD45RB220 Biolegend Cat#103224
APC-Cyanine 7 anti-mouse Ly-6G/Ly-6C (GR-1) Biolegend Cat#108424
APC Cyanine 7 anti-moue CD11b BD Cat#557657
APC anti-moue Ly-6A/E (Sca-1) eBioscience Cat#17-5981-83
PE-Cyanine 7 anti-mouse CD117 (c-Kit) eBioscience Cat#25-1171-82
PE-Cyanine 7 anti-mouse CD11b eBioscience Cat#25-0112-82
FITC anti mouse CD48 Biolegend Cat#103404
Alexa Fluor 700 anti mouse CD48 Biolegend Cat#103426
Brilliant Violet 421 anti-mouse CD150 Biolegend Cat#115943
Brilliant Violet 605 anti-mouse CD150 Biolegend Cat#115937
Brilliant Violet 785 anti-mouse CD150 Biolegend Cat#115927
Brilliant Violet 711 anti-mouse CD127 Biolegend Cat#135035
Brilliant Violet 421 anti-mouse CD135 Biolegend Cat#135314
Brilliant Violet 711 anti-mouse CD41 BD Cat#740712
Brilliant Violet 785 anti-mouse CD45R/B220 Biolegend Cat#103246
Brilliant Violet 605 anti-mouse CD45R/B220 Biolegend Cat#103244
Brilliant Violet 510 anti mouse CD4 Biolegend Cat#100559
Brilliant Violet 785 anti-mouse Ly-6C Biolegend Cat#128041
Brilliant Violet 711 anti-mouse CD117 (c-Kit) Biolegend Cat#105835
PE/Dazzle 594 anti-mouse CD41 Biolegend Cat#133935
PE/Dazzle 594 anti-mouse IL27Ra Biolegend Cat#159007
eFluor 660 anti-mouse CD34 eBioscience Cat#50-0341-82
APC-R700 anti-mouse CD16/CD32 BD Cat#565502
Alexa Fluor 700 anti-mouse CD8a Biolegend Cat#100730
Pacific Blue anti-mouse TER-119 Biolegend Cat#116208
PE-Cyanine 7 anti-mouse CD11b eBioscience Cat#25-0112-82
PE anti-mouse TER-119 Biolegend Cat#116223

PE anti-mouse CD3e BD Cat#553064

PE anti-mouse CD4 Biolegend Cat#100408

PE anti-mouse CD8a Biolegend Cat#162304

PE anti-mouse CD45RB220 BD Cat#553090

PE anti-mouse Ly-6G/Ly-6C (GR-1) eBioscience Cat#12-5931-82
PE anti-mouse CD11b BD Cat#557397
PerCP Cyanine 5.5 anti-mouse Ly-6G/Ly-6C (GR-1) Biolegend Cat#108428
APC anti-mouse CD201 (EPCR) Biolegend Cat#141506
APC anti mouse CD117 (c-Kit) BD Cat#555356
TruStain FcX (anti-mouse CD16/32) Biolegend Cat#101320
Anti-Mouse CD4 [Clone GK1.5] Leinoco Cat#C1333
Anti-Mouse CD8a (Ly 2.2) [Clone 2.43] Leinoco Cat#C380




CD117 MicroBeads, mouse Miltenyi Cat#130-097-
146
IgG from rat serum Millipore Sigma Cat#l4131-
50MG
Phospho-S6 Ribosomal Protein (Ser240/244) CST Cat#2215S
Phospho-mTOR (Ser2448) CST Cat#2971S
Anti-TUBA4A (TUBA1) Antibody Millipore Sigma Cat#T6199
Goat Anti-Rabbit IgG (H + L)-HRP Conjugate Biorad Cat#1706515
Goat Anti-Mouse IgG (H + L)-HRP Conjugate Biorad Cat#1706516
Chemicals, peptides, and recombinant proteins
PEI MAX® - Transfection Grade Linear Polyethylenimine Polysciences Cat#25765
Hydrochloride (MW 40,000)
Poly(vinyl alcohol) Millipore Sigma Cat#363103
average Mw 146,000-186,000, 87-89% hydrolyzed
Human Fibronectin Millipore Sigma Cat#FCO010
SCF, Mouse Genescript Cat#202997-10
TPO, Mouse Genescript Cat#203175-50
Insulin-Transferrin-Selenium-Ethanolamine (ITS -X) (100X) | Gibco Cat#51500056
DMEN, high glucose, pyruvate Gibco Cat#11995065
IMDM Gibco Cat#12440053
Ham’s F12 Nutrient Mix Gibco Cat#11765054
Penicillin-Streptomycin (10,000 U/mL) Gibco Cat#15140122
HEPES (1M) Gibco Cat#15630080
Fisherbrand™ Research Grade Fetal Bovine Serum, Fischer Scientific Cat#FB1299910
Canadian Sourced 2
Sucrose Millipore Sigma Cat#S0389-5KG
Histopaque®-1119 Millipore Sigma Cat#11191-
6X100ML
DAPI ThermoFisher Cat#D3571
Ammonium Chloride Fischer Scientific Cat#A661-500
Potassium bicarbonate Millipore Sigma Cat#237205-
500G

O-propargyl puromycin

Vector Labs

Cat#CCT-1407-
25

Rapamycin MedChemExpress Cat#AY-22989
Tetramethylrhodamine, Ethyl Ester, Perchlorate (TMRE) ThermoFisher Cat#T669
CellROX™ Green Reagent, for oxidative stress detection ThermoFisher Cat#C10444
MitoTracker™ Green FM Dye, for flow cytometry ThermoFisher Cat#M46750
Sodium dodecyl sulphate Millipore Sigma Cat#L5750

Tween-20 ThermoFisher Cat#BP330-500
Tris Base ThermoFisher Cat#BP152-5
Bromophenol Blue Fisher Scientific Cat#
AC403151000
Sodium chloride Fisher Scientific Cat#S-6713
Immobilon Western Chemiluminescent HRP Substrate Millipore Sigma Cat#
WBKLS0500

Glycerol

Fisher Scientific

Cat#BP229-1

Critical commercial assays

T7-FlashScribe™ Transcription Kit

Cellscript

Cat#C-ASF3507

ScriptCap™ Cap 1 Capping System

Cellscript

Cat#C-
SCCS1710




RNeasy Plus Micro Kit Qiagen Cat#74034
DNeasy Blood and Tissue Kit Qiagen Cat#69506
Plasmid Plus Maxi Kit Qiagen Cat#12943
LIVE/DEAD™ Fixable Near-IR Dead Cell Stain Kit, for 633 | ThermoFisher Cat#L10119

or 635 nm excitation

UltraComp eBeads™ Compensation Beads

ThermoFisher

Cat#01-2222-42

LS columns Miltenyi Cat#130-042-
401

Click-&-Go® Plus 647 OPP Vector labs Cat#CTT-1496

BD Cytofix/Cytoperm™ Fixation/Permeabilization Kit BD Cat#554714

4-20% acrylamide mini protean TGX precast gels Biorad Cat#4561095

Phusion™ High-Fidelity DNA Polymerase NEB Cat#M0530L

Deposited data

Aging and Tet2 KO mouse scRNAseq data | GEO | GSE310533

Experimental models: Cell lines

HEK293T cells | Takara | Cat#632180

Experimental models: Organisms/strains

C57BL6/J Jackson laboratories Cat#000664

C57BL/6JN National Institute on https://www.nia.n

Aging ih.gov/research/
dab/aged-
rodent-colonies

Oligonucleotides

Mouse Tet2 gRNA: GGTATATCGGAGATCGAGTG IDT (design: this paper) | N/A

Mouse Rosa26 gRNA: GCAATACCATGCCAGGTGGA IDT (design: this paper) | N/A

Mouse Dnmt3a gRNA: CAGGCCGAATTGTGTCTTGG IDT (design: this paper) | N/A

Mouse Tet2 FW TIDE: ATTCAAGCCCCTCTGGAGAA IDT (design: this paper) | N/A

Mouse Tet2 REV TIDE: CCCACTCTATAGCTGGGCAAT IDT (design: this paper) | N/A

Mouse Rosa26 FW TIDE: CCACATTGGCACCATAGTCA IDT (design: this paper) | N/A

Mouse Rosa26 REV TIDE: AGCCATCTGGGCCTTTTAAC | IDT (design: this paper) | N/A

Mouse Dnmt3a FW TIDE: GCTTGGCTTTGTCACCTGAT IDT (design: this paper) | N/A

Mouse Dnmt3a REV TIDE: CAGCTCAGTGATGGTGGCTA | IDT (design: this paper) | N/A

Recombinant DNA

pLCv2_U6.(BsmBl).chRNA2_EFS.EGFP_wPRE Yudovich et al. N/A

pLCv2_U6.(BsmBIl).chRNA2_EFS.dTomato_ wPRE Yudovich et al. N/A

(dTomato inserted)

pMD2.G Addgene Cat#12259

psPAX2 Addgene Cat#12260

pCas9-polyA Addgene Cat#79602

Software and algorithms

Flowdo™ v11 BD https://flowjo.co
m/flowjo/overvie
w

GraphPad Prism v10 Dotmatics https://www.grap
hpad.com/featur
es

Biorender Biorender https://www.bior

ender.com




Shinyapps

Anschutz Bioinformatic
Core

https://bioinform
atics.cuanschutz
.edu

CRISPick

CRISPick

https://portals.br
oadinstitute.org/
gppx/crispick/pu
blic

Illustrator

Adobe

https://www.ado
be.com/creativec
loud/plans.html?
plan=edu&produ
ct=illustrator

Primer3

Primer3

http://frodo.wi.mit
.edu/primer3/

Heatmapper

Heatmapper

http://heatmappe
r.ca
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