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Supplementary Fig. 1 CRISPR/Cas9 generation of Rps19lox/lox and Rpl5lox/lox mice. (a) Upper 
panel: sequence of mouse Rps19 along with the 2 loxP sites flanking exon 2, before and after deletion. 
Bottom panel: genotyping after Vav-cre excision. (b) Upper panel: sequence of mouse Rpl5 along with 
the 2 loxP sites flanking exons 4 and 5, before and after deletion. Bottom panel: genotyping after Vav-
cre excision. Upper panels were created in BioRender. Blanc, L. (2026) https://BioRender.com/rayglh1. 
  

https://biorender.com/rayglh1


Supplementary Figure 2
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Supplementary Fig. 2 Hematopoiesis in Rps19lox/+ and Rpl5lox/+ models. (a) Western blot analysis 
and quantification of RPS19, RPL5 or b-actin in fetal liver (FL) cells from E15.5 control, Rps19lox/+ or 
Rpl5lox/+ embryos. Statistical analysis was performed using two-tailed unpaired t-test. (b) Representative 
flow cytogram of erythropoiesis in E13.5 and E17.5 control and Rps19lox/+embryos. (c) Erythroid 
populations from S0 to S5 in E13.5 control and Rps19lox/+ embryos expressed as a fold change relative 
to control. Statistical analysis was performed using multiple Mann-Whitney test. (d) Erythroid 
populations from S0 to S5 in E17.5 control and Rps19lox/+ embryos expressed as a fold change relative 
to control. Statistical analysis was performed using multiple Mann-Whitney test. (e) Representative flow 
cytogram of erythropoiesis in E13.5 and E17.5 control and Rpl5lox/+embryos. (f) Erythroid 
populations from S0 to S5 in E13.5 control and Rpl5lox/+ embryos expressed as a fold change relative to 
control. Statistical analysis was performed using multiple Mann-Whitney test. (g) Erythroid populations 
from S0 to S5 in E17.5 control and Rpl5lox/+ embryos expressed as a fold change relative to control. 
Statistical analysis was performed using multiple Mann-Whitney test. The number of biological replicates 
(n) is indicated in italics under each histogram. All data are presented as mean ± standard deviation.
Source data are presented in Source Data file.



Supplementary Figure 3
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Supplementary Fig. 3 Translational regulation at E17.5 in Rps19lox/+ and Rpl5lox/+ mice. (a) 
Quantification of global translation in total fetal livers and Lin- populations as measured by OPP in 
E13.5 control, Rps19lox/+ or Rpl5lox/+ embryos. Statistical analysis was performed using two-tailed 
unpaired t-test. (b) Schematics of the main initiation and elongation factors involved in eukaryotic 
translation. Created in BioRender. Created in BioRender. Papoin, J. (2026) 
https://BioRender.com/e7ln1zl. (c) Western blot analysis of regulators of translation in FL-derived ckit+ 
cells from either E15.5 control versus Rps19lox/+ embryos or E15.5 control versus Rpl5lox/+ embryos. (d) 
Quantification of the western blots for the regulators of translation in FL-derived ckit+ cells from either 
E15.5 control versus Rps19lox/+ embryos or E15.5 control versus Rpl5lox/+ embryos. Statistical analysis 
was performed using two-tailed unpaired t-test. (e) Western blot analysis of regulators of translation in 
FL-derived ckit+ cells either from E17.5 control versus Rps19lox/+ embryos or E17.5 control versus 
Rpl5lox/+ embryos. (f) Quantification of the western blots for the regulators of translation in FL-derived 
ckit+ cells from E17.5 control versus Rps19lox/+ embryos or E17.5 control versus Rpl5lox/+ embryos. 
Statistical analysis was performed using two-tailed unpaired t-test. The number of biological replicates (n) 
is indicated in italics under each histogram. All data are presented as mean ± standard 
deviation. Source data are presented in Source Data file. 

https://biorender.com/e7ln1zl
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Supplementary Fig. 4 Statistical evaluation of translational regulation. Variation in translational 
expression (D-poly) and transcriptional expression (D-cyto) in Ter119+ cell populations in E15.5 control, 
Rps19lox/+ or Rpl5lox/+ and in cKit+ cell population from Rps19lox/+ embryos. Source data are presented in 
Source Data file. 



Supplementary Figure 5

a

b c
HSPC
MEP
GMP
EP
ProE
BasoE
PolyE
OrthoE
Primitive Erythrocytes
Granulocytes
Monocytes
Megakaryocytes
Kupffer
Hepatocytes
Stellate
LEC
Unknown 1
Unkown 20

25

50

75

100

%
 o

f t
ot

al

HSPC

Erythroid

Cluster distribution

Cre- Cre+

Rps19lox/+
0

25

50

75

100

%
 o

f t
ot

al

HSPC

Erythroid

Cluster distribution

Cre- Cre+

Rpl5lox/+

Unknown1

Unknown2

Primitive_Erythrocyte

OrthoE

PolyE

BasoE

ProE

EP

MEP

Mk

Gran

Mono

GMP

HSPC

Kupffer

Hepatocyte

Stellate

LEC

C
dh

5
G

pr
18

2
Fl

t1
Kd

r
D

cn Pt
n

C
ol

1a
2

C
ol

3a
1

Al
b

Ap
oa

2
Af

p
C

1q
a

C
1q

b
C

1q
c

Fc
na

H
m

ox
1

Fl
t3 Ki
t

C
d3

4
Irf

8
C

sf
1r

Ly
86

Fc
gr

1
C

x3
cr

1
F1

3a
1

C
cr

2
C

eb
pe

S1
00

a8
Lt

f
Itg

am
Fc

gr
3

M
po

M
s4

a2
Ifi

tm
1

Ly
6e

Lm
o4

Sr
gn

C
d2

00
r3

Vw
f

Itg
a2

b
Pf

4
Itg

b3
R

pl
8

Ee
f1

a1
R

ps
5

Ee
f2

R
pl

4
R

pl
p1

R
pl

p0
Tm

em
14

c
Tf

rc
Kl

f1
U

be
2c

R
hd

H
em

gn
Se

rin
c3

M
ki

67
Ts

pa
n3

3
Tu

bb
5

Pa
bp

c1
U

be
2l

6
Bp

gm
Tr

im
10

M
kr

n1
Sn

ca
H
bb
−b
h1

H
ba
−x

H
bb
−y

Features

Id
en

tit
y

Scaled Average Expression

−2
−1
0
1
2

Percent Expressed
0
25
50
75
100



Supplementary Fig. 5 Identification of cell populations. (a) Bubble plots showing the expression of 
marker genes for cell annotation in each cell type. (b) Distribution of clusters from Rps19lox/+ FL 
hematopoietic cells. (c) Distribution of clusters from Rpl5lox/+ FL hematopoietic cells. (d) pseudobulk 
gene-expression profiles (Pearson r > 0.98) and cluster abundances (Spearman r = 0.92–0.98) for 
control, Rps19lox/+ and Rpl5lox/+ replicates. Source data are presented in Source Data file. 



Supplementary Figure 6

Fetal Liver Lin-
0

500

1000

1500

0

200

400

600

800

1000

Ed
U

 (M
FI

)

0

500

1000

1500

0

500

1000

1500

Ed
U

 (M
FI

)

Fetal Liver Lin-

0

1

2

3

4

5

0

2

4

6

8

A
nn

ex
in

 V
 (%

)
A

nn
ex

in
 V

 (%
)

0

2

4

6

8

10

0

5

10

15

20

Fetal Liver Lin-

C
el

lR
O

X 
(M

FI
)

0

200

400

600

800

0

500

1000

1500

C
el

lR
O

X 
(M

FI
)

0

200

400

600

800

1000

0

500

1000

1500

Fetal Liver Lin-

Fe
2+

 (M
FI

)
Fe

2+
 (M

FI
)

0

2000

4000

6000

8000

10000

0

5000

10000

15000

0

2000

4000

6000

0

5000

10000

15000

C
el

l C
yc

le
 P

ha
se

 (%
)

G1
S
G2/M

C
el

l C
yc

le
 P

ha
se

 (%
)

LSK

0

2

4

6

8

10

0

5

10

15

20

LSK

0

500

1000

1500

2000

0

500

1000

1500

2000

2500

LSK
0

5000

10000

15000

20000

0

5000

10000

15000

Vav-iCre-; Rps19lox/+

Vav-iCre+; Rps19lox/+

Vav-iCre+; Rpl5lox/+

Vav-iCre-; Rpl5lox/+

a

b c d e

0

25

50

75

100

0

25

50

75

100

Fetal Liver

Cre-Cre+
0

25

50

75

100

0

25

50

75

100

Lin-

Cre-Cre+
0

25

50

75

100

0

25

50

75

100

LK

Cre-Cre+
0

25

50

75

100

0

25

50

75

100

LSK

Cre-Cre+
0

25

50

75

100

0

25

50

75

100

LT-HSC

Cre-Cre+

25

50

75

100

0

25

50

75

100

ST-HSC

Cre-Cre+
0

25

50

75

100

0

25

50

75

100

MPP

Cre-Cre+
0

25

50

75

100

0

25

50

75

100

Ter119+

Cre-Cre+

R
ps

19
lo

x/
+

R
pl

5
lo

x/
+

P = 0.0053 P = 0.0014

P = 0.0001

P = 0.0002

P = 0.5343 P = 0.0301

P < 0.0001
P < 0.0001

P < 0.0001 P < 0.0001
P < 0.0001

P < 0.0001

P < 0.0001

P < 0.0001

P < 0.0001
P = 0.2691

P = 0.7550
P = 0.0519 P = 0.8559 P = 0.9590

P = 0.1847

P = 0.0622

P < 0.0001

P = 0.0028

P = 0.0037

P = 0.0017

P = 0.0006

P = 0.0032

P = 0.0064 P = 0.7220 P = 0.0004 P = 0.2137 P = 0.2180 P = 0.0831

P = 0.0751P = 0.0028 P = 0.0436 P = 0.0208 P = 0.9344 P = 0.0062

P = 0.2645P = 0.0010 P = 0.0016 P = 0.1572 P = 0.0112 P < 0.0001

P = 0.0010

P = 0.0038

P = 0.0024

P = 0.2734

P = 0.0749

P = 0.0013

P = 0.0015 P = 0.1505 P = 0.0273 P = 0.1340 P = 0.0019 P < 0.0001

P < 0.0001P = 0.0079 P = 0.2675 P = 0.0440 P = 0.8686 P = 0.0079

P = 0.7535P = 0.0397 P = 0.4910 P = 0.0205 P = 0.1427 P = 0.3897

5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5

6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6

5 5 5 5

6 8 6 8

7 9

710 710 710

7 9 7 9

7

6 8

8 78 78

6 8 6 8 7 10 7 10 7 10

78 78 78



Supplementary Fig. 6 Cell cycle phase distribution and quantification of apoptosis and 
oxidative stress in HSPC populations. (a) G1, S and G2/M phase distribution in total FL cells and all 
different HSPC populations in E13.5 control, Rps19lox/+ or Rpl5lox/+ embryos. (b) Quantification of the cell 
cycle speed by measuring the S phase (EdU+) MFI in the total FL cells and among the indicated HSPC 
populations in E13.5 control, Rps19lox/+ or Rpl5lox/+ embryos. Statistical analysis was performed using 
welch t-test with Holm-Šídák correction. (c) Percentage of Annexin V+ cells as marker of apoptosis in 
E15.5 control, Rps19lox/+ or Rpl5lox/+ embryos. Statistical analysis was performed using two-tailed 
unpaired t-test. (d) Quantification of cellular ROS levels of FL cells and HSPC populations as 
measured by CellROX dye in E15.5 control, Rps19lox/+ or Rpl5lox/+ embryos. Statistical analysis was 
performed using two-tailed unpaired t-test. (e) Quantification of ferrous iron levels of FL cells and HSPC 
populations measured as by Fe2+ biotracker dye in E15.5 control, Rps19lox/+ or Rpl5lox/+ embryos. 
Statistical analysis was performed using two-tailed unpaired t-test. The number of biological replicates (n) 
is indicated in italics under each histogram. All data are presented as mean ± standard 
deviation. Source data are presented in Source Data file.  
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Supplementary Fig. 7 Expression of genes related to ferroptosis in RPS19 and RPL5 
haploinsufficient HSPCs, erythroid progenitors (EP) and ProErythroblasts (ProE). 
(a) Violin plot from scRNA-seq presented in Fig. 4 plots showing the expression of ferroptosis markers
Fth1, Gpx4, Pcbp1 and Pcbp2 in HSPC, EP and ProE cell type from Rps19lox/+ and Rpl5lox/+ embryos.
Statistical analysis was performed using Wilcoxon rank test (non parametric). (b) Western blot analyses
and quantification of ferroptosis regulators in FL-derived ckit+ cells from either E15.5 control versus
Rps19lox/+ embryos or E15.5 control versus Rpl5lox/+ embryos. n = 3. Statistical analysis was performed
using two-tailed unpaired t-test. All data are presented as mean ± standard deviation.  Source
data are presented in Source Data file.
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Supplementary Fig. 8 Runx1 expression in RPS19 and RPL5 haploinsufficient mice and 
knockout in Rps19lox/+ mice. (a) pathM2 ssGSEA analysis highlighting RUNX1 transcriptional 
regulation of genes involved in differentiation of HSCs in polysome sequencing performed on ckit+ 
population from E15.5 control and Rps19lox/+ embryos. (b) Violin plot from scRNA-seq presented in Fig. 
4 plots showing the expression of Runx1 in each cell type from Rps19lox/+ and Rpl5lox/+ embryos. 
Statistical analysis was performed using Wilcoxon rank test (non parametric). (c) Genotype from 
Rps19lox/+; Runx1lox/lox intercrossing. Created in BioRender. Blanc, L. (2026) 
https://BioRender.com/ql4svuv. (d) Quantification of cells in S0 and S3 in E17.5 control, Rps19lox/+, 
Rps19lox/+; Runx1lox/+ and Rps19lox/+; Runx1lox/lox embryos. Statistical analysis was performed using 
ordinary one-way ANOVA with Tukey correction. The number of biological replicates (n) is indicated in 
italics under each histogram. All data are presented as mean ± standard deviation. Source data are 
presented in Source Data file. 

https://biorender.com/ql4svuv
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Supplementary Fig. 9 scRNAseq analyses from control, Rps19lox/+ and Rps19lox/+; p53lox/+ 
embryos at E13.5. (a) scRNA-seq UMAP of integrated FL from control, Rps19lox/+ and Rps19lox/+; 
p53lox/+ cells with clusters identified by marker genes. (b) Density projection of cells on UMAP from 
control, Rps19lox/+ and Rps19lox/+; p53lox/+ FL cells. (c) Heatmap showing gene set enrichment analysis 
(GSEA) normalized enrichment scores (NES) for selected modules significantly enriched in 
hematopoietic stem and progenitor cell (HSPC), erythroid progenitor (EP) or proerythroblast (ProE) 
populations from control and Rps19lox/+ embryos. Asterisk (*) indicates FDR < 0.05. (d) Heatmap 
showing gene set enrichment analysis (GSEA) normalized enrichment scores (NES) for selected 
modules significantly enriched in hematopoietic stem and progenitor cell (HSPC), erythroid progenitor 
(EP) or proerythroblast (ProE) populations from control and Rps19lox/+; p53lox/+ embryos. Asterisk (*) 
indicates FDR < 0.05. (e) Data from the ENCODE project showing RUNX1 binding region on Cdkn1a 
detected by ChIP- seq. (f) ChromVAR score for the RUNX1 (MA0002.3) motif in control, Rps19lox/+ and 
Rps19lox/+; p53lox/+ FL cells. (g) ChromVAR score for the TP53 (MA0106.3) motif in control, Rps19lox/+ and 
Rps19lox/+; p53lox/+ FL cells. Source data are presented in Source Data file. 



Rps19 Effects: 
Covariate Cell Type Final 

Parameter 
Condition[T.LioRps19het] BasoE 0 
Condition[T.LioRps19het] Basophil 0 
Condition[T.LioRps19het] EP 0.568684 
Condition[T.LioRps19het] GMP 0 
Condition[T.LioRps19het] Gran 0 
Condition[T.LioRps19het] HSPC 0 
Condition[T.LioRps19het] Hepatocyte 0 
Condition[T.LioRps19het] Kupffer 0 
Condition[T.LioRps19het] LEC 0 
Condition[T.LioRps19het] MEP 0.662706 
Condition[T.LioRps19het] Mk 0.571598 
Condition[T.LioRps19het] OrthoE -0.578451 
Condition[T.LioRps19het] PolyE -0.705538 
Condition[T.LioRps19het] Primitive_Erythrocyte 0.72023 
Condition[T.LioRps19het] ProE 0 
Condition[T.LioRps19het] Stellate 0 
Condition[T.LioRps19het] Unknown1 -0.435799 
Condition[T.LioRps19het] Unknown2 0 

Rpl5 Effects: 
Covariate Cell Type Final 

Parameter 
Condition[T.LioRpl5het] BasoE 0 
Condition[T.LioRpl5het] Basophil 0 
Condition[T.LioRpl5het] EP 0 
Condition[T.LioRpl5het] GMP 0 
Condition[T.LioRpl5het] Gran 0 
Condition[T.LioRpl5het] HSPC 0 
Condition[T.LioRpl5het] Hepatocyte 0 
Condition[T.LioRpl5het] Kupffer 0 
Condition[T.LioRpl5het] LEC 0 
Condition[T.LioRpl5het] MEP 0 
Condition[T.LioRpl5het] Mk 0 
Condition[T.LioRpl5het] OrthoE 0 
Condition[T.LioRpl5het] PolyE 0 
Condition[T.LioRpl5het] Primitive_Erythrocyte 0 
Condition[T.LioRpl5het] ProE 0 
Condition[T.LioRpl5het] Stellate 0 
Condition[T.LioRpl5het] Unknown1 0 
Condition[T.LioRpl5het] Unknown2 0 



Supplementary Table 1. Results of scCODA analyses. 




