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Fig. S1: Development and analysis of the Idh1R132H pre-leukemia model. (A) Schematic of 

Idh1WT and stepwise assembly of Idh1R132H knock-in (KI) mutant (mut) allele, with representation of 

Southern Blotting probes used for confirmation of successful generation of intermediate Idh1R132H-

NeoR-TV and Idh1R132H-TV alleles, as represented in panel B. (B Southern Blots confirming excision of 

the NeoR resistance cassette and LoxP recombination to generate Idh1R132H-NeoR-TV and Idh1R132H-TV 

alleles. (C) Genotyping agarose gel for selection of F1 mice carrying an inducible Idh1R132H-NeoR-TV 

allele after backcross to   RosaFLPe-negative mice, as described in Supplementary Methods. (D) 

Schematic ofIdh1R132H and Mx1-Cre mouse crosses to generate a Cre inducible Idh1R132H mouse. (E) 

Mass spectrometry (MS) quantification of 2-Hydroxyglutarate (2-HG) in control (NeoTV) and 

Idh1R132H (IdhR132H/+) embryonic stem cells; mean ± SD, n=2-4 samples/condition. (F) MS 

quantification of 2-HG in control (WT) and Idh1R132H (IdhR132H/+) bone marrow (BM) cells; mean ± 

SD, n=8-11 animals/genotype, **p<0.01, 2-tailed t-test. (G) Survival curve of mice with Idh1R132H or 

Idh1R132H-NrasG12D-Npm1cA alleles; n= 20-33 animals/genotype, ****p<0.0001, log-rank test. (H) 

Colony-forming assay of BM cells obtained from WT, Idh1R132H, Idh1R132H-Npm1cA- NrasG12D 

animals, with serial re-plating; mean ± SD, n=4-10/genotype, *p<0.05, 2-tailed t-test. (I) EnrichR 47 

analysis of Encode transcription factor binding enrichment in differentially down-regulated genes in 

Idh1R132H leukemia vs pre-leukemia samples. RNA-seq analysis of Idh1R132H and Idh1R132H-

Npm1cA-NRASG12D pre-leukemia (Lin- cells collected 4 weeks after pIpC treatment) vs. Idh1R132H-

Npm1cA-NRASG12D leukemia samples (terminal). 
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Fig. S2: Cellular characterization of Idh1R132H pre-leukemia. (A) Representative PCR genotyping 

gel images of Kat2a, Idh1 and Mx1-Cre alleles. (B) qRT-PCR analysis of Kat2a expression in BM 

cells of Kat2aWT, Kat2aHET and Kat2aNULL animals; mean ± SD, n=3 animals/genotype, *p<0.05, 

**p<0.01, 2-tailed t-test. (C) Flow cytometry gating strategy for enumeration of BM stem and 

progenitor cells in Idh1 mut Kat2a HET and Idh1 mut Kat2a NULL pre-leukemic animals. (D) 

Proportion of BM stem and progenitor cells in Idh1 mut Kat2a HET and Idh1 mut Kat2a NULL pre-

leukemic animals 4 weeks post-pIpC treatment; mean ± SD, n=3, 2-tailed t-test. (E) Proportion of 

BM stem and progenitor cells in Idh1 mut Kat2a HET and Idh1 mut Kat2a NULL pre-leukemic 

animals 20-week post-pIpC treatment; mean ± SD, n=3, 2-tailed t-test. (F)  Proportion of BM cells 

characterized as CMP population of cells at 4 week and 20-week time point; mean ± SD, n=3, 2-

tailed t-test. (G) Proportion of BM cells characterized as GMP population of cells at 4 week and 20 

week time point; mean ± SD, n=3, 2-tailed t-test. (H-I) Analysis of pre-leukemia burden 4 and 20-

weeks post-pIpC, (H) spleen weights, (I) liver weights; mean ± SD, n=2-3.   
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Fig. S3: Investigation of Idh1R132H pre-leukemia transplants. (A) Flow cytometry gating strategy 

for engrafted Idh1 mut Kat2a HET and Idh1 mut Kat2a NULL BM cells. (B-D) Analysis of 

hematological parameters from peripheral blood of mice engrafted with Idh1 mut Kat2a HET and 

Idh1 mut Kat2a NULL BM cells: (B) WBC, (C) Hemoglobin, (D) Platelets; mean ± SD, n=3-6 at 10 

week time point, n.s. No animals (6 receiving Idh1 mut Kat2a HET / 3 receiving Idh1 mut Kat2a 

NULL cells) developed signs or symptoms or leukemia during the observation period. Three animals 

were culled for welfare reasons unrelated to a leukemia disease process. (E-F) Analysis of leukemia 

burden 1-year post-transplantation: (E) spleen weight, (F) liver weight; mean ± SD, n=3/genotype, 2-

tailed t-test. (G) Histology analysis of Idh1 mut Kat2a HET and Idh1 mut Kat2a NULL recipient 

animals culled 1-year post-transplantation. 
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Fig. S4: Characterization of RT1(9a) Kat2a NULL leukemia. (A) Relative expression of Kat2a in 

RT1(9a)-transformed Kat2aWT and Kat2aNULL BM cells; transformation used pools of 3 

animals/genotype. (B-D) Terminal peripheral blood analysis of mice engrafted with RT1(9a)-

transduced Kat2aWT and Kat2aNULL Kit+ / Lin- cells and followed up for leukemia development.  

Animals were analysed upon exhibition of terminal symptoms, or after 405 days, if asymptomatic. 

(B) WBC, (C) RBC, (D) HGB; mean ± SD, n=3-5, 2-tailed t-test. (E-F) Analysis of leukemia burden 

at terminal time point in the same animals. (E) Spleen weight; (F) liver weight. (G) Representative 

histology images of spleen, liver, and kidney tissues of the same engrafted mouse cohort at terminal 

time point, with or without leukemia development. (H) Representative flow cytometry plots of 

terminal Kat2aWT or Kat2aNULL RT1(9a)-engrafted mice, with or without leukemia development. 

Leukemic RT1(9a) Kit+ cells are predominantly Sca1-CD34-, as described 17. 
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Fig. S5: Hematopoietic lineage-associated surface markers and cellular diversification along 

RT1(9a) pseudo-time trajectories. (A-B) Annotation of 2-month and 4-month samples along Kat2a 

WT (A) and Kat2a NULL pseudo-time trajectories. (C-D) Expression of lineage-affiliated 

hematopoietic markers in single-cell trajectories of RT1(9a) transduced BM; (C) Kat2a WT, (D) 

Kat2a NULL cells. Ly6e: hematopoietic stem cell (HSC), multipotent (MPP) and lympho/myeloid 

(LMPP) progenitors; myeloid cells). Fcgr3; myeloid progenitors, myelo-monocytic cells. Cd34: 

LMPP, MPP, myeloid progenitors, multipotent and lympho/myeloid progenitor marker), Flt3; MPP, 

LMPP, lymphoid cells. Cd48: committed progenitors and lymphocytes.  Cd14; 

monocyte/macrophage. Cd79a: B lymphocytes. (E) Proportion of RT1(9a)-transduced cells in each 

individual time-point sample (Kat2aWT or Kat2aNULL, 2 or 4-months post-engraftment) 

contributed by candidate progenitor compartments captured by pseudo-time trajectory analysis. 

LMPP: lymphoid/myeloid-primed progenitor; GMP: granulocyte-monocyte progenitor; MAP: 

monocyte-affiliated progenitor; BAP: B-cell affiliated progenitor; PLP: Pre-leukemia progenitor. 
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Fig. S6. Investigation of lymphoid and macrophage-affiliated compartments in RT1(9a) pre-

leukemia and leukemia samples. (A-B) Flow cytometry analysis of terminal RT1(9a) mouse 

leukemias for LMPP, BAP and MAP cell surface markers as per Fig. S5C-D. Cells gated as C-kit+ 

GFP [RT1(9a)]+ (A) and C-kit+ GFP [RT1(9a)]+ Sca1+/hi (B), with right panel in (B) gated from 

BAP_LMPP. Samples are representative of Kat2 WT and Kat2a NULL leukemias. (C) Flow 

cytometry analysis of terminal RT1(9a) mouse leukemias for GMP-like cell surface markers as per 

Fig. S5C-D. Cells gated as C-kit+ GFP [RT1(9a)]+ CD34+Sca1-/lo. Representative samples as in (A-

B). (D) Gene ontology analysis of genes overexpressed in B-affiliated progenitors (BAP) using 

Panther14.0 43; *p-adj<0.05. (E) Gene ontology analysis of genes overexpressed in monocyte-

affiliated progenitors (MAP) using Panther14.0 43; *p-adj<0.05. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

GMP PLP
0.0

0.2

0.4

0.6

0.8

1.0
Pa

irw
is

e 
D

is
ta

nc
e

****

Fig S7

a

-1.0 -0.5 0.0 0.5 1.0 1.5
0

10

20

30

40

50

log2 (Fold Change)

-lo
g1

0 
(p

-v
al

ue
 a

dj
)

p = 0.05

0 10 20 30

Mitochondrial ATP synthesis coupled proton transport

Mitochondrial electron transport  ubiquinol to cytochrome c

Mitochondrial electron transport  NADH to ubiquinone

Mitochondrial electron transport  cytochrome c to oxygen

Proteasomal ubiquitin-independent protein catabolic process

Ribosomal small subunit assembly

Viral translation

Mitochondrial respiratory chain complex I assembly

Cytoplasmic translational initiation

Ribosomal large subunit assembly

Fold Enrichment

Translation/ Ribosome Biogenesis

c

b

d

OP-Puro

Co
un

t

OP-Puro

Co
un

t

Idh1 mut Kat2a HET Idh1 mut Kat2a NULL

g

HET NULL
0.0

0.5

1.0

1.5
OP-Puro hi

R
el

at
iv

e 
O

P-
Pu

ro
 h

i

*

h

Rps18 Rpl10a Rps11 Rpl38 Rps25 Rpl24
0

1

2

3
6

12

18

24

Fo
ld

 c
ha

ng
e 

re
la

tiv
e 

to
 G

ap
dh

no
rm

al
iz

ed
 to

 W
T

WT Idh1R132H pre-AML

Idh1R132H AML

0 10 20 30 40

Translation
Ribosome biogenesis

rRNA processing
ncRNA processing

rRNA metabolic process
Gene expression

Peptide biosynthetic process
Mitochondrial translation

Cellular macromolecule biosynthetic process

Fold Enrichment

Translation/Ribosome Biogenesis

Idh1mut Nras vs Idh1mut pre-leukemia

0 5 10 15

Mitochondrial ATP synthesis coupled proton transport
IRES-dependent viral translational initiation

Mitochondrial electron transport ubiquinol to cytochrome c
Proteasomal ubiquitin-independent protein catabolic process

Mitochondrial electron transport NADH to ubiquinone
Negative regulation of mRNA splicing via spliceosome

Ribosomal small subunit assembly
Protein import into mitochondrial matrix

Cytoplasmic translational initiation
Mitochondrial respiratory chain complex I assembly

Fold Enrichment

Translation/Ribosome Biogenesis

RT1(9a)- PLP vs GMP

RT1(9a) Kat2aWT vs NULL

e f



 

Fig. S7: Kat2a loss downregulates protein synthesis genes in pre-leukemia progression. (A) 

Volcano plot of single-cell RNA-seq data for RT1(9a) Kat2aNULL vs WT cells. Differentially 

expressed genes at p-adj <0.05 shown in red. (B) Over-represented gene ontologies (GO) for genes 

downregulated in RT1(9a) Kat2aNULL vs WT cells. Panther14.0 analysis of single-cell RNA-seq 

data, with 2 and 4-month timepoints analysed together; *p-adj<0.05. (C) Over-represented GO for 

genes down-regulated in RT1(9a) Kat2aWT PLP vs GMP *p-adj<0.05. (D) Over-represented GO for 

genes down-regulated in N-RasG12D Idh1R132H and Npm1c N-RasG12D Idh1R132H AML compared to 

Idh1R132H, Idh1R132H Npm1c, and Npm1c N-RasG12D Idh1R132H pre-leukemia; *p-adj<0.05. Genes were 

not differential in Idh1R132H vs Idh1WT, or in Idh1R132H Npm1c and Npm1c N-RasG12D Idh1R132H vs 

Idh1R132H pre-leukemia. (E) qRT-PCR analysis of ribosomal protein genes in Idh1R132H leukemia vs. 

pre-leukemia samples; mean ± SD, n=2-3. Data from Lin- BM plotted relative to Idh1 WT Lin- cells, 

normalised for Gapdh expression. (F) Comparison of pairwise distances between individual cells in 

GMP and PLP compartments using the ribosomal biogenesis signature in Fig. 6D-E; ****p<0.0001, 

non-parametric KS test. (G) Representative flow cytometry plots of OP-Puro incorporation in 

Kat2aHET vs. Kat2aNULL Idh1R132H BM cells collected 20 weeks post-pIpC and treated in vitro. 

(H) Quantification of OP-Puro high cells in (G); data relative to Kat2aHET Idh1R132H; mean ± SD, 

n=3, *p<0.05, 2-tailed t-test. 
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