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Reviewers' comments: 

 

Reviewer #1 (Remarks to the Author): 

 

In this manuscript, Schoger et al. profiled the single-cell transcriptome analysis of hearts with 

inducible cardiomyocytes-specific Wnt activation, compensatory and failing hypertrophic modeling. 

The study combines various transcriptomic, proteomic, and biochemical analyses to identify the 

effects of hypertrophic modeling on cardiomyocytes' adaptive behaviors. The authors provide 

evidence that upregulated exosome synthesis is found in the hearts of β-catΔex3 mice. They also 

suggest that the hypertrophic model induces the activation of transcriptomic profiles regarding 

exosome biogenesis. Lastly, they recruited the iPSCs method to validate the findings through 

pharmacological perturbation. 

 

While the study provides an appealing phenomenon of altered exosome secretion in hypertrophic 

models, many single-cell analysis approaches are conjectures producing tools and need 

independent experiments to validate the hypothesis. Given the enormous literature on adaptive 

mechanisms in heart hypertrophy, this study would be improved by providing in-depth 

experimental observations in addition to transcriptomic and proteomic analyses. Although 

proteomics data to some extent confirms the observations from the transcriptional profiles, it is 

necessary to run functional assays in justifying the claims. The following outline several 

suggestions to improve the study. 

 

1. Please illustrate the rationale behind using three different models, including the inducible mouse 

model, TAC hypertrophic model, and iPSC-derived cardiomyocytes model. 

2. In fig. 1, What is the algorithmic standard/characteristics to divide cardiomyocytes into sub-

clusters. Is there a difference in the proportion of CM1 and CM2 between control and diseased 

cells? If there is a difference in CM1 and CM2 percentages, how to explain the difference? 

3. Authors use CHIR99021 to increase the Wnt signaling pathway activity and observed increased 

activity of exosome secretion as shown in iPSC-CMs. This study could be significantly improved by 

adding Wnt signaling pathway blocker on top of CHIR99021, which eliminates the possible side 

effects of CHIR99021 in inducing the exosome secretion. In other words, to make a strong 

correlation between upregulated exosome biogenesis and activated Wnt signaling pathway, it will 

be worthwhile to study the effects of blunted Wnt signaling pathway on exosome secretion using 

iPSC-CMs. 

4.In fig. 7E, the localization of CRYAB is not significantly different from DMSO to CHIR99021, the 

difference centers on the intensity of the CRYAB if the same exposure time is used. It would be 

helpful if the western blotting data can be shown to demonstrate the cytoplasmic accumulation of 

CRYAB in the CHIR99021 group vs the control. 

 

 

 

Reviewer #2 (Remarks to the Author): 

 

Manuscript by Schoger et al investigates EV secretion of cardiomyocytes with canonical Wnt 

activation by stabilized beta-catenin. The study shows a collection of transcriptomic and proteomic 

data from mouse and human iPSC-CM models that characterizes differential expression of 

proteosome constitutes such as CRYAB. The study can be improved with minor changes discussed 

below. 

 

1. In Figure 1A, the legends and the axis labeling could be enlarged for better readability. It is also 

difficult to discern the cells from the two conditions with the triangle and circle shapes. Can the 

authors provide a separate UMAP plot that distinguishes the cells from the two conditions using 

different colors? Also the conditions are currently labeled "disease" and "healthy" but shouldn't this 

be "wildtype" and "b-cat exon 3 deletion"? 

 

2. In Fig 1C, are the feature plots representing cells from both CM1 and CM2 clusters (e.g., from 

all cardiomyocytes identified from each group)? If so, how do the gene expressions look within 

CM1 cluster and within CM2 cluster separately? Are there other genes that show significant up-

/down-regulation in the two distinct CM populations between control vs. exon3 deletion? 



 

3. Labeling in Fig. 2A are too small to read. 

 

4. Please correct spelling errors in figure legend for Fig 5. 

 

5. Most of Wnt-associated genes investigated in the study seem to be canonical Wnt-responsive 

genes. Have the authors also looked to see if there are any changes in expression of endogenous 

Wnt ligands, receptors, co-receptors, and the proteins that directly participate in the Wnt signaling 

pathway? 

 

6. In the Introduction, the authors state that stabilization of beta-catenin (and hence canonical 

Wnt activation) in cardiomyocytes are deleterious (line 62, page 2). However there exist a myriad 

of studies that also argue otherwise. As the authors have also shown in Fig. 7 of this manuscript, 

canonical Wnt activation can lead to CM proliferation as well as other injury repair mechanisms. 

Therefore this notion should be more delicately discussed. 

 

7. In the Discussion, the authors mention the possibility of detecting EVs in the circulating blood. I 

wonder if this is truly possible, as I am under the impression that the amount of EVs secreted is 

not enough for them to be detected in bloodstream. 



Reviewer #1 (Remarks to the Author):  

In this manuscript, Schoger et al. profiled the single-cell transcriptome analysis of hearts with inducible 

cardiomyocytes-specific Wnt activation, compensatory and failing hypertrophic modeling. The study 

combines various transcriptomic, proteomic, and biochemical analyses to identify the effects of 

hypertrophic modeling on cardiomyocytes' adaptive behaviors. The authors provide evidence that 

upregulated exosome synthesis is found in the hearts of β-catΔex3 mice. They also suggest that the 

hypertrophic model induces the activation of transcriptomic profiles regarding exosome biogenesis. 

Lastly, they recruited the iPSCs method to validate the findings through pharmacological perturbation.  

While the study provides an appealing phenomenon of altered exosome secretion in hypertrophic 

models, many single-cell analysis approaches are conjectures producing tools and need independent 

experiments to validate the hypothesis. Given the enormous literature on adaptive mechanisms in 

heart hypertrophy, this study would be improved by providing in-depth experimental observations in 

addition to transcriptomic and proteomic analyses. Although proteomics data to some extent confirms 

the observations from the transcriptional profiles, it is necessary to run functional assays in justifying 

the claims. The following outline several suggestions to improve the study.  

 

We thank the reviewer for emphasising this point, which encouraged us to perform further 

validation in the revised version of our manuscript. Please find below a point-by-point 

discussion addressing all concerns. 

 

1. Please illustrate the rationale behind using three different models, including the inducible mouse 

model, TAC hypertrophic model, and iPSC-derived cardiomyocytes model.  

 

The reason of using different experimental models is based on the fact that our study is centred 

on a hypothesis-driven question based on Wnt signaling activation in cardiac remodeling. 

Employing a transgenic mouse model with Wnt/B-catenin signaling activation, allows us to 

precisely study the mechanism driven by Wnt activation in cardiomyocytes and contributing to 

the cardiac remodeling. Due to the artificial nature of transgenic models, we next compared 

our finding with a disease experimental TAC hypertrophic model. With these two models, we 

could should that an EV-mediated response is part of the disease condition. Next, we aimed 

at confirming that the identified biological process was relevant in cardiomyocytes of human 

nature. We are aware of the limitations of IPSC-derived cardiomyocytes, and therefore used 

the system to specifically answer the question whether human derived cardiomyocytes were 

able to modulate EV-response upon stress caused by Wnt activation. We thank the reviewer 

for making this point and integrated these arguments in the discussion of the revised 

manuscript for a better comprehension of the study (lines 391-394).  

 

2. In fig. 1, What is the algorithmic standard/characteristics to divide cardiomyocytes into sub-

clusters.  

 

Our entire pipeline is based on the standard Seurat workflow (Stuart and Butler et al. 

Comprehensive Integration of Single-Cell Data. Cell (2019) [Seurat V3]). This workflow consist 

of several steps, starting with the normalization of the countmatrix in our assay. We used the 

NormalizeData tool selecting the standard LogNormalize method. This method uses the gene 

counts for each cell; divides them by the total cell counts and multiplied by the scale factor. 

This is then natural-log transformed using log1p. After normalization of the data, we run 

FindVariableFeatures tool, which identifies the genes that are outliers on a “mean variability 

plot” using on the “vst” algorithm. This algorithm first fits a line to the relationship of 

log(variance) and log(mean) using local polynomial regression (loess). Then, it standardizes 



the features values (gene expression) using the observed mean and expected variance (given 

by the fitted line). Feature variance is then calculated on the standardized values after clipping 

to a maximum. We then scaled and centred the genes in the dataset and regressed out the 

cofounding variables using the ScaleData tool. After that, we reduced the dimensions using 

RunPCA tool. Here, it first construct a KNN graph based on the Euclidean distance in PCA 

space, and then it refines the edge weights between any two cells based on the shared overlap 

in their local neighbourhoods (Jaccard similarity). To cluster the cells, the tool next applies 

modularity optimization techniques such as the Louvain algorithm to iteratively group cells 

together, with the goal of optimizing the standard modularity function. The FindClusters 

function implements this procedure, and contains a resolution parameter that sets the 

‘granularity’ of the downstream clustering, with increased values leading to a greater number 

of clusters. We finally visualize the clusters using UMAP. Using this workflow, when analysing 

all cells together, we were able to visualize one clearly defined CM cluster (based on CM 

markers). After that, we sub-setted this CM cluster and re-analysed separately. This way, we 

were able to increase the resolution, observe the different CM subclusters in our CM, and 

compare them between conditions. This is now adapted in the current revised version for data 

presented in Fig. 1 and 5.   

 

Is there a difference in the proportion of CM1 and CM2 between control and diseased cells?  

If there is a difference in CM1 and CM2 percentages, how to explain the difference?  

 

Yes, there are differences in the CM proportions of the different conditions. In order to illustrate 

the differences, first differences between all cell types are depicted and secondly, the 

differences between CM subclusters are subsequently showed in Fig. 1A.  

The difference between the proportion of subCM1 and subCM2 may be due to the stress 

caused by the Wnt signaling activation, which in this model only reached in a subset of CMs 

(Cre mediated recombination resulting in around 80% of edited cells). When comparing both 

clusters conditions, we observed that enriched transcripts in the CM1 population categorized 

to processes related to cell energy and normal cardiac functions, while the CM2 population 

presented a signature of developmental processes. Thus, CM2 represents a more adaptive 

cluster, which is increased upon stress condition. This is now integrated in Extended Fig. 2F.  

 

3. Authors use CHIR99021 to increase the Wnt signaling pathway activity and observed increased 

activity of exosome secretion as shown in iPSC-CMs. This study could be significantly improved by 

adding Wnt signaling pathway blocker on top of CHIR99021, which eliminates the possible side 

effects of CHIR99021 in inducing the exosome secretion. In other words, to make a strong correlation 

between upregulated exosome biogenesis and activated Wnt signaling pathway, it will be worthwhile 

to study the effects of blunted Wnt signaling pathway on exosome secretion using iPSC-CMs.  

 

This is an excellent observation, which allowed us to expand our conclusions. This experiment 

has been performed by blocking CHIR-mediated Wnt signaling activation with iso-quercetin 

(Iso-QC), which specifically blocked the binding of b-catenin and the transcription factor 

(TCF/LEF) mediating target gene activation1. In this experiment, we confirmed an increase of 

the EV marker TSG101 upon CHIR treatment (Wnt activation), whereas a reduction of this 

marker was observed upon Iso-QC rescue treatment. Additional stress stimulus triggered by 

TGF-b2, showed increased EV marker TSG101 although to a lesser extent. This suggests that 

stress is the primary cause of increased loading of released EV. This is now included in Fig. 

7D and 7E, result lines 259-265 and discussion lines 381-387. 

 



4. In fig. 7E, the localization of CRYAB is not significantly different from DMSO to CHIR99021, the 

difference centers on the intensity of the CRYAB if the same exposure time is used. It would be 

helpful if the western blotting data can be shown to demonstrate the cytoplasmic accumulation of 

CRYAB in the CHIR99021 group vs the control.  

 

This is correct, although we used the same exposure time we cannot depicted difference in 

quantity with this visualization. For that, we have performed Western blot analysis, which 

showed no difference of overall protein quantity among the different conditions in whole cell 

lysate. These data indicated that only the localization of CRYAB is affected upon acute stress. 

This has been introduced in Fig. 7E and Lines 269-270.  

 
Major changes in the manuscript are highlighted in red and include: 

 Data presentation in Fig. 1, 4, 5, 6 and 7 and Extended Data 2E-G and 10 as well as 

all the GO analysis 

 Addition of data in Main Figures: 1G, 4A, 5C, 7C, 7D and 7E and Extended Data: 2G 

and 2F; 3A, 9B and 10 

 Cell number was increased for the analysis presented in Fig. 5. 

 Lines 49-55 and lines 276-292 discuss the deleterious and regenerative roles of Wnt 

signaling.  

 Lines 93-99 describe the cell subclustering in the b-catenin stabilization model. 

 Lines 109-110 describe common GO of downregulated DGEs in CM1 and CM2 of 

hearts with b-catenin stabilization. 

 Lines 116-120; 197-200 and 257-259 describe the data showing increased levels of 

the Ub-proteins in tissue and EVs isolated from Wnt activated hearts as well as in EVs 

from iPSC-derived cardiomyocyte upon Wnt activation, respectively. 

 Lines 259-265 and discussion lines 381-387 present the data on IsoQC rescue 

experiments in iPSC-cardiomyocytes upon Wnt activation. 

 Lines 269-270 describe the expression of CRYAB in whole cell lysates from iPSC-

derived cardiomyocyte upon Wnt activation and rescue 

 Lines 391-394 argument the use of the different models in the study. 

 Lines 401-403 discuss possible detection of EVs present in the circulation. 

 Labeling in the Figures were improved and spelling mistakes were corrected.  

 The information on the manuscript has been more focused and graphs in Fig. 2 and 

Fig 7 have been moved to Extended figures.  

We thank the reviewer for the excellent recommendations, which have helped us improve the 

presentation of our data and extended the validity of our study. 
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Reviewer #2 (Remarks to the Author):  

 

Manuscript by Schoger et al investigates EV secretion of cardiomyocytes with canonical Wnt 

activation by stabilized beta-catenin. The study shows a collection of transcriptomic and proteomic 

data from mouse and human iPSC-CM models that characterizes differential expression of 

proteosome constitutes such as CRYAB. The study can be improved with minor changes discussed 

below.  

 

1. In Figure 1A, the legends and the axis labeling could be enlarged for better readability. It is also 

difficult to discern the cells from the two conditions with the triangle and circle shapes. Can the 

authors provide a separate UMAP plot that distinguishes the cells from the two conditions using 

different colors? Also the conditions are currently labeled "disease" and "healthy" but shouldn't this 

be "wildtype" and "b-cat exon 3 deletion"?  

 

Thanks for these comments, the figure´s labelling and data presentation have been improved 

accordingly. 

 

2. In Fig 1C, (A) are the feature plots representing cells from both CM1 and CM2 clusters (e.g., from 

all cardiomyocytes identified from each group)?  

(B) If so, how do the gene expressions look within CM1 cluster and within CM2 cluster separately?   

(C) Are there other genes that show significant up-/down-regulation in the two distinct CM populations 

between control vs. exon3 deletion?  

 

(A) Yes, these plots were depicting the two subsets together. In the revised version, we are 

depicting them separately. We would like to mention, that we recently upgraded our pipeline, 

which allows reducing even more the background noise and distinguished more clearly the 

different clusters. The cell filters are the same as used in previous versions, therefore, it gave 

comparable results by sub-setting the data. This gave more detailed resolution of the CM 

clusters (CM1 and CM2), which is now presented in Fig. 1 A and B and modified in the text 

line 93-97. 

(B) Accordingly, we illustrated expression of Wnt targets and stress markers in the sub-clusters 

CM1 and CM2 using dot plots for both conditions in Fig. 1C and 1E. The stress scores is also 

depicted for CM1 and CM2, which indicated stronger stressed signature in CM2 from b-catenin 

activated hearts as compared with CM1, in line with the overall Gene Ontology characterizing 

this subcluster as a more adaptive developmental cluster. Additionally, a Volcano plot of the 

different subclusters is presented in Extended Fig. 2G and integrated in the text in 97-98. 

(C) Yes, with our analysis CM1 showed a total of 144 and CM2 showed 65 dysregulated genes 

(up/down) (p<0.05 and LogFC 0.25) by comparing control vs. b-catenin stabilization. From this, 

23% are commonly dysregulated. The Volcano plot showing the total DGEs is presented in 

Extended Fig. 2G and the common GO of downregulated DGEs in CM1 and CM2 of b-catenin 

stabilization is added in Extended Fig. 3A and lines 109-110. 

 

3. Labeling in Fig. 2A are too small to read.  

This was adjusted. 

 

4. Please correct spelling errors in figure legend for Fig 5.  

This was corrected. 

 



5. Most of Wnt-associated genes investigated in the study seem to be canonical Wnt-responsive genes. 

Have the authors also looked to see if there are any changes in expression of endogenous Wnt ligands, 

receptors, co-receptors, and the proteins that directly participate in the Wnt signaling pathway?  

 

We indeed had a look at different Wnt signaling related genes, which do not show major 

changes among the clusters (shown below). In our transgenic model, we are primarily affecting 

Wn activation further downstream and therefore we don’t expect major changes of upstream 

Wnt ligands and receptor. Indeed, in our data we observed no major modifications in the 

expression of endogenous Wnt ligands, receptors or co-receptors when comparing by 

conditions in cardiomyocytes, endothelial cells, fibroblasts, pericytes, macrophages (CMs, EC, 

FB, PC and MC). Only neural like cell (NLC) cluster showed upregulation of Fzd7, Fzd6 and 

Lrp6 and less expression of Fzd3 in Wnt activated hearts. (Figure 1, below). Increase of the 

Wnt ligads and receptors WNT3A, WNT5A, FZD2 as well as decrease of the Wnt inhibitor 

DKK3 were previously described in models of hypertrophic remodeling in different animal 

models1. We didn’t observed major changes in these genes in the hypertrophic model.  

 

 
Figure 1: Violin plots showing expression levels for Wnt ligands, receptors (Frizzled, Fzd) and co-receptors (Low-density 

lipoprotein receptor-related protein. Lrp) in different cell types in control (orange) and β-catΔex3 (green) hearts.  

 

6. In the Introduction, the authors state that stabilization of beta-catenin (and hence canonical Wnt 

activation) in cardiomyocytes are deleterious (line 62, page 2). However there exist a myriad of 

studies that also argue otherwise. As the authors have also shown in Fig. 7 of this manuscript, 

canonical Wnt activation can lead to CM proliferation as well as other injury repair mechanisms. 

Therefore this notion should be more delicately discussed.  

 

This is an excellent comment; we have now complemented introduction and discussion 

concerning deleterious and regenerative roles of Wnt signaling in the revised version (lines 49-

55 and lines 275-289).  

We would like to also add that it is a consensus that low Wnt signaling activity maintains 

homoeastasis in the adult heart. However, during cardiac pathologic remodeling components 

of Wnt signaling become reactivated in multiple cell types including cardiomyocytes1-6. Due to 

contradictory data found by using different models of injury, it is a debate whether b-catenin 



signaling should be stimulated or inhibited after myocardial injury1. What is clear is that b-

catenin levels are upregulated in cardiomyocytes that are challenged with various 

pharmacological and mechanical hypertrophic stimuli, whereas b-catenin stabilization can 

induce cardiomyocyte hypertrophy and cell cycle activation7-9. In line with these findings, 

deletion of Gsk3b, which results in accumulation of b-catenin, led to substantially induced cell 

cycle activity of cardiomyocytes accompanied by cardiac-related death in mice10. Accordingly, 

cardiomyocyte-specific deletion of b-catenin shows an attenuated TAC-induced hypertrophic 

remodeling 9, 11. We previously showed that b-catenin stabilization and concomitant Wnt 

transcriptional activation in cardiomyocytes resulted in increased transcription of 

developmental and cell cycle regulators with cardiomyocytes polynucleation, suggesting endo-

reduplication, rather than newly formed myocytes and subsequently followed by heart failure9. This 

is similar to the Hippo signaling, which regulates developmental heart growth and proliferation12 

as well as cardiomyocyte dedifferentiation and dysfunction upon long-term activation of the 

pathway in postnatal cardiomyocytes. This suggests that persistent reactivation of the cell 

cycle is not beneficial in adult cardiomyocytes. Similar to the approach in the present study, 

Buikema et al. 13 induced massive expansion of hiPSC-CMs by glycogen synthase kinase-3β 

(GSK-3β) inhibition using CHIR99021 and concurrent reduction of cell-cell contacts, indicating 

that additional mechanisms are responsible for cell division arrest and progression to bona fide 

cell proliferation. Thus, it seems that the activation of the WNT cascade stimulates 

dedifferentiation and proliferation of mammalian myocytes; however, the response may be 

determined by environmental and mechanical cues as well as the developmental plasticity of 

the cardiomyocytes. 

 

7. In the Discussion, the authors mention the possibility of detecting EVs in the circulating blood. I 

wonder if this is truly possible, as I am under the impression that the amount of EVs secreted is not 

enough for them to be detected in bloodstream.  

 

This is of course a critical point, which is under investigation. However, previous studies have 

demonstrated that cardiomyocyte-derived EVs are present in the circulation and that the 

increased number of cardiac-derived EVs in the blood reflects cardiac injury. It also further 

confirmed that cellular stress and cardiomyocyte damaging conditions increased EV release, 

that can serve as biomarker of cardiac injury14, 15.This was introduced in the revised version 

lines 401-403. 

 
Major changes in the manuscript are highlighted in red and include: 

 Data presentation in Fig. 1, 4, 5, 6 and 7 and Extended Data 2E-G and 10 as well as 

all the GO analysis 

 Addition of data in Main Figures: 1G, 4A, 5C, 7C, 7D and 7E and Extended Data: 2G 

and 2F; 3A, 9B and 10 

 Cell number was increased for the analysis presented in Fig. 5. 

 Lines 49-55 and lines 276-292 discuss the deleterious and regenerative roles of Wnt 

signaling.  

 Lines 93-99 describe the cell subclustering in the b-catenin stabilization model. 

 Lines 109-110 describe common GO of downregulated DGEs in CM1 and CM2 of 

hearts with b-catenin stabilization. 

 Lines 116-120; 197-200 and 257-259 describe the data showing increased levels of 

the Ub-proteins in tissue and EVs isolated from Wnt activated hearts as well as in EVs 

from iPSC-derived cardiomyocyte upon Wnt activation, respectively. 



 Lines 259-265 and discussion lines 381-387 present the data on IsoQC rescue 

experiments in iPSC-cardiomyocytes upon Wnt activation. 

 Lines 269-270 describe the expression of CRYAB in whole cell lysates from iPSC-

derived cardiomyocyte upon Wnt activation and rescue 

 Lines 391-394 argument the use of the different models in the study. 

 Lines 401-403 discuss possible detection of EVs present in the circulation. 

 Labeling in the Figures were improved and spelling mistakes were corrected.  

 The information on the manuscript has been more focused and graphs in Fig. 2 and 

Fig 7 have been moved to Extended figures.  

We thank the reviewer for the excellent recommendations, which have helped us improve the 

presentation of our data and extended the validity of our study. 
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Supplementary Figure 1

a. Selected top categories from gene ontology (GO) cellular compartments processes enrichment of upregulated DEGs in
β-catΔex3 versus control hearts from bulk RNAseq data. b. Selected top categories from GO molecular function of genes
clustering to membrane based processes and secreted proteins in a. –log10 p value (p value <0.05), term fusion was applied.

a

b



Control Control

P
ha

se
co

nt
ra
st

/H
oe

ch
st
33

34
2

P
ha

se
co
nt
ra
st

5180wells

H
oe
ch
st
33
34
2

β-catΔex3 β-catΔex3

i ii iii iv

β-c
at
Δex

3

con
trol

β-c
at
Δex

3

con
trol

β-c
at
Δex

3

con
trol

β-cat∆ex3
Control

β-cat∆ex3
Control

Cell type and subtype proportion β-catΔex3 vs control

β-catΔex3 vs control in subCM1 β-catΔex3 vs control in subCM2

b

c

a

d e

f

g
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hypertrophic cardiomyocytes from β-catΔex3 hearts compared to control. Scale bar = 20 µm. c. Schematic overview of cardiac
cell isolation and distribution into nanowells for single cell transcriptome analyses using the iCell8 system. Cells are dissociated
and dispensed into a 5180 well plate for library preparation and sequencing. The wells contained no cells (i), single multinucleated
cells (ii), two cells (iii) or death cells (iv). Only cells as represented in ii were considered for sequencing. d. Quality control
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and control samples respectively. In addition, low presence of ribosomal and mitochondrial contamination was confirmed. e.
Dot plots showing different marker gene expression used to cluster cell-types according to known and reported cell markers.
f. Distribution of cells in the different conditions (control or β-catΔex3 hearts) as well as the distribution of the CM1 and CM2
subclusters. g. Volcano plot comparing DEGs in CM1 and CM2 β-catΔex3 versus control hearts.

Supplementary Figure 2



0.00 2.00 4.00 6.00 8.00

Alpha crystallin/Hsp20 domain
vasodilation
Proteasome

early endosome
protein folding

aggresome
unfolded protein binding
HIF-1 signaling pathway

Acetylation
cardiac muscle hypertrophy in response to stress

transcription corepressor activity
multivesicular body

cardiac muscle tissuemorphogenesis
Chaperone

actin cytoskeleton
Stress response

MHC classes I/II-like antigen recognition protein
sarcomere organization

MHC class II protein complex binding
stress fiber

glutathione metabolic process
MHC class II protein complex binding

protein binding

0.00 1.00 2.00 3.00 4.00 5.00 6.00 7.00

response to hypoxia

Peroxisome

Diabetic cardiomyopathy

Fatty acid metabolism

PPAR signaling pathway

regulation of ventricular cardiac muscle cell action…

fatty acidmetabolic process

Lipid biosynthesis

lipid metabolic process

cardiac muscle cell development

Mitochondrion

GOs BP of common upregulated DGEs
in CM1 and CM2 in β-catΔex3

GOs BP of common downregulated DGEs
in CM1 and CM2 in β-catΔex3

GOs BP of upregulated DGEs in pericytes from β-catΔex3

-Log10pvalue

-Log10pvalue

-Log10pvalue -Log10pvalue

-Log10pvalue

GOs BP of upregulated DGEs in macrophages from β-catΔex3

GOs BP of upregulated DGEs in f broblasts from β-catΔex3

0.00 1.00 2.00 3.00 4.00 5.00 6.00 7.00 8.00 9.00 10.00

cell adhesion
endothelial cellmigration

Heatshockprotein 70, conservedsite
endocytosis

RNApolymeraseII transcription factor complex
multivesicular body

Apoptosis
cellular responseto mechanicalstimulus

cell-cell junction
focal adhesion

unfoldedprotein binding
vesicles

angiogenesis
ubiquitin protein ligasebinding

lysosome
Hypertrophiccardiomyopathy

Chaperone
stressfiber
Acetylation
Secreted

Extracellularmatrix

0.00 5.00 10.00 15.00 20.00 25.00 30.00 35.00 40.00 45.00

integrin-mediated signalingpathway
RNAsplicing
cellmotility
aggresome

extracellular vesicles
angiogenesis

Glycolysis/ Gluconeogenesis
apoptoticprocess

ERto Golgivesicle-mediatedtransport
aging

focal adhesion
inflammatory response

unfoldedprotein binding
HIF-1signalingpathway

nucleotide binding
Chaperone

ubiquitin protein ligasebinding
lysosome

Posttranslationalmodification, protein turnover, chaperones

0.00 5.00 10.00 15.00 20.00 25.00 30.00 35.00

vesicle-mediated transport
PI3K-Aktsignalingpathway

regulationof heart rate
vasculogenesis

adherensjunction
Apelin signalingpathway

heart development
HIF-1signalingpathway

Endocytosis
ion channelbinding

small GTPasebinding
focal adhesion

Chaperone
Ubl conjugation pathway

Mitochondrion
stressfiber

endoplasmicreticulum
Acetylation

protein binding
cytoplasm

Supplementary Figure 3

Selected top categories from gene ontology (GO) biological processes (BP) enrichment of common upregulated (left) and
downregulated (right) DEGs in CM1 and CM2 (a) and in macrophage, fibroblast and pericyte clusters (b) of β-catΔex3 versus
control hearts. GO enrichment represents –log10 p-value (p-value <0.05) and term fusion was applied.
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a. Overview of exosome isolation procedure from adult mouse hearts by UC and magnetic bead-based purification
(Created with BioRender.com). b. Total protein concentration was comparable in exosome preparations regardless of
experimental group (β-catΔex3 and control). c. Heat-map of significantly enriched proteins (391) in β-catΔex3 cardiac
derived exosomes compared to controls. d. Classical exosomal and early endosomal proteins were identified enriched
proteins.
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a. STRING analyses derived networks of protein-protein
interactions of the total mass spectrometry data (573 proteins)
revealed subclusters of protein classes with distinct cellular
functions characteristic for EVs. b. The identified proteins
categorized to the cardiovascular system in a tissue enrichment
analysis. GO enrichment represents –log10 was considered for
sequencing and term fusion was applied.
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a. STRING analyses derived networks of protein-protein interactions
of the enriched proteins (391) in β-catΔex3 cardiac derived extracellular
vesicles (EVs) compared to controls revealed sub-clusters of protein
classes with distinct cellular functions characteristic for EVs. The
identified proteins categorized to cardiovascular system in a tissue
enrichment analysis. GO enrichment represents –log10 p-value (p-
value <0.05) and term fusion was applied.
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a. Cluster analysis using STRING functional annotation protein interaction database on the predicted enriched 391 proteins
iin exosomes from β-catΔex3 tissue using the K-means algorithm. They were summarized into three ontological clusters (cluster
1, 2 and 3). b. Representative confocal images of immunofluorescence staining of N2A neuroblastoma cells that were exposed to
carboxyfluorescein succinimidyl ester (CSFE)-ex vivo labelled extracellular vesicles (EVs) from β-catΔex3 hearts and stained with CRYAB
(n=3, technical replicates). Hoechst33342 was used for nucleus visualization. By Z-scanning we observed that CRYAB co-localized with
CFSE-labelled exosomes attached to the cell surface. Scale bar = 20 µm. c. Doppler-echo gradient confirming successful transverse aortic
constriction with induced afterload increase upon intervention compared to sham in early- and late-stage disease condition. d. Fractional
area shortening (FAS) was reduced upon TAC and heart weight normalized to body weight was elevated. Data are shown as mean ±
SEM; t-test. d. UMAP plot after scRAN-seq and data integration of cardiac cells isolated from healthy (sham) and disease (TAC) hearts
of CH (left) and FH (right) depicting the different cell clusters.
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GO: BP of upregulated DEGs in CM sub-clusters in compensatory hypertrophy

GO: BP of upregulated DEGs in CM sub-clusters in failing hypertrophy
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b

a. Selected top categories from gene ontology (GO) biological processes (BP) enrichment of upregulated DEGs in the
different cardiomyocyte subclusters (CM1-CM4) from healthy (sham) and disease (TAC) hearts of compensatory and failing
hypertrophy depicting the main transcriptional changes. b. Selected top categories from GO BP enrichment of overlapping
upregulated DEGs in cardiomyocytes from TAC (versus sham) and β-catΔex3 (versus control) of CH (left) and FH (right)
depicting the main overlapping transcriptional changes at early and late disease states. GO enrichment represents –log10
p-value (p value <0.05) and term fusion was applied.
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a. Schematic overview of extracellular vesicles (EVs) isolated from induced hiPSC-derived cardiomyocytes upon treatment
with CHIR99021 (Wnt activated) or DMSO (control) using a magnetic bead-based protocol (n=9, technical replicates,
biological duplicates) (Created with BioRender.com). b. Representative confocal images of immunofluorescence analysis
showing increased cell cycle activity as assessed by KI67 staining and corresponding semiquantification in CHIR99021
treated hiPSC-derived cardiomyocytes versus control DMSO. (n=3, technical replicates). Scale bar = 20 µm. c. Western blot
showing increased exosomal marker TSG101 as well as the absence of endoplasmic reticulum marker Calnexin in EVs from
CHIR99021 treated hiPSC-derived cardiomyocytes. Calnexin was clearly detected in the cell pellet. Stain free gel showed
equally amount of loaded proteins. d. Representative confocal images of immunofluorescence analysis showing CRYAB
accumulation in CHIR99021 treated hiPSC-derived cardiomyocytes versus control DMSO. (n=3, technical replicates). Scale
bar = 20 µm. Data are shown as mean ± SEM; unpaired student’s t-test.
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Supplementary Data 1

ProteinPilot™ Software Report
Template Version 1.00 light report

Data Level FDR Type  FDR ID Yield
1% 572
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10% 81784
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Origin Accession ID Gene names Primary Gene
sp A2ASS6 TITIN_MOUSE Ttn Ttn
sp Q02566 MYH6_MOUSE Myh6 Myhca Myh6
sp Q60675 LAMA2_MOUSE Lama2 Lama2
sp O55143-2 AT2A2_MOUSE Atp2a2 Atp2a2
tr F6U7V1 F6U7V1_MOUSE Ryr2 Ryr2
sp Q61554 FBN1_MOUSE Fbn1 Fbn-1 Fbn1
tr J3QQ16 J3QQ16_MOUSE Col6a3 Col6a3
sp Q9JI91 ACTN2_MOUSE Actn2 Actn2
tr E9Q3X0 E9Q3X0_MOUSE Mvp Mvp
tr E9PZ16 E9PZ16_MOUSE Hspg2 Hspg2
tr Q3UHL6 Q3UHL6_MOUSE Fn1 Fn1
sp P58771 TPM1_MOUSE Tpm1 Tpm-1 Tpma Tpm1
sp Q8BMF4 ODP2_MOUSE Dlat Dlat
sp Q61292 LAMB2_MOUSE Lamb2 Lams Lamb2
sp P68134 ACTS_MOUSE Acta1 Acta Acta1
tr F8VQJ3 F8VQJ3_MOUSE Lamc1 Lamc1
sp Q8BMS1 ECHA_MOUSE Hadha Hadha
sp Q04857 CO6A1_MOUSE Col6a1 Col6a1
sp Q01853 TERA_MOUSE Vcp Vcp
tr D3Z041 D3Z041_MOUSE Acsl1 Acsl1
tr E9QN70 E9QN70_MOUSE Lamb1 Lamb1
sp Q8VDN2 AT1A1_MOUSE Atp1a1 Atp1a1
tr Q5SXR6 Q5SXR6_MOUSE Cltc Cltc
sp P10493 NID1_MOUSE Nid1 Ent Nid1
sp Q9D8E6 RL4_MOUSE Rpl4 Rpl4
sp Q61838 PZP_MOUSE Pzp A2m Pzp
sp Q924X2 CPT1B_MOUSE Cpt1b Cpt1b
tr E9QPE7 E9QPE7_MOUSE Myh11 Myh11
sp P09528 FRIH_MOUSE Fth1 Fth Fth1
sp Q99JY0 ECHB_MOUSE Hadhb Hadhb
sp Q60932 VDAC1_MOUSE Vdac1 Vdac5 Vdac1
sp P62702 RS4X_MOUSE Rps4x Rps4 Rps4x
sp P14148 RL7_MOUSE Rpl7 Rpl7
sp Q7TQ48 SRCA_MOUSE Srl Sar Srl
sp Q9WUB3 PYGM_MOUSE Pygm Pygm
sp P62908 RS3_MOUSE Rps3 Rps3
tr Q9CPX4 Q9CPX4_MOUSEFtl1 Ftl1-ps1 mCG_17237 Ftl1
sp Q6P8J7 KCRS_MOUSE Ckmt2 Ckmt2
sp P48962 ADT1_MOUSE Slc25a4 Anc1 Ant1 Slc25a4
tr Z4YJV4 Z4YJV4_MOUSE Ogdh Ogdh
sp Q8C129 LCAP_MOUSE Lnpep Lnpep
sp P12970 RL7A_MOUSE Rpl7a Surf-3 Surf3 Rpl7a
tr F8WIT2 F8WIT2_MOUSE Anxa6 Anxa6
sp Q02788 CO6A2_MOUSE Col6a2 Col6a2
sp Q9D2G2 ODO2_MOUSE Dlst Dlst
tr Q3UIK0 Q3UIK0_MOUSE Mybpc3 Mybpc3
tr A0A0R4J083 A0A0R4J083_MOUSE Acadl Acadl

Total identified proteins: 573 Quants @ 1% FDR



sp Q8VDD5 MYH9_MOUSE Myh9 Myh9
sp P97351 RS3A_MOUSE Rps3a Rps3a1 Rps3a
sp Q8BKZ9 ODPX_MOUSE Pdhx Pdhx
sp Q03265 ATPA_MOUSE Atp5f1a Atp5a1 Atp5f1a
tr Q6P3Z7 Q6P3Z7_MOUSE Tnnt2 Tnnt2
sp P26041 MOES_MOUSE Msn Msn
sp Q921G7 ETFD_MOUSE Etfdh Etfdh
tr E9Q6A6 E9Q6A6_MOUSE Col6a6 Col6a6
sp P09542 MYL3_MOUSE Myl3 Mlc1v Mylc Myl3
sp Q91VD9 NDUS1_MOUSE Ndufs1 Ndufs1
sp Q91ZJ5 UGPA_MOUSE Ugp2 Ugp2
sp P47857-3 PFKAM_MOUSE Pfkm Pfk-m Pfka Pfkm
sp P14206 RSSA_MOUSE Rpsa Lamr1 P40-8 Rpsa
sp P47911 RL6_MOUSE Rpl6 Rpl6
tr A0A075B6A0 A0A075B6A0_MOUSE Ighm Ighm
sp P53395 ODB2_MOUSE Dbt Dbt
tr E9Q1J7 E9Q1J7_MOUSE Pccb Pccb
tr A0A1D5RLW5 A0A1D5RLW5_MOUSE Rpl18a Rpl18a
sp P47962 RL5_MOUSE Rpl5 Rpl5
sp P14869 RLA0_MOUSE Rplp0 Arbp Rplp0
sp P14131 RS16_MOUSE Rps16 Rps16
sp Q1XH17 TRI72_MOUSE Trim72 Mg53 Trim72
sp Q8BLF1 NCEH1_MOUSENceh1 Aadacl1 Kiaa1363 Nceh1
sp P25444 RS2_MOUSE Rps2 Llrep3 Rps4 Rps2
sp P68040 RACK1_MOUSERack1 Gnb2-rs1 Gnb2l1 Rack1
sp Q60930 VDAC2_MOUSE Vdac2 Vdac6 Vdac2
tr E9PWZ3 E9PWZ3_MOUSE Rpl3l Rpl3l
sp P62242 RS8_MOUSE Rps8 Rps8
tr E9PYK3 E9PYK3_MOUSE Parp4 Parp4
tr Q921R2 Q921R2_MOUSERps13 mCG_123365 Rps13
sp Q8K2B3 SDHA_MOUSE Sdha Sdha
sp P56480 ATPB_MOUSE Atp5f1b Atp5b Atp5f1b
tr A0A0R3P9C8 A0A0R3P9C8_MOUSE Ndufa9 Ndufa9
sp Q91ZA3 PCCA_MOUSE Pcca Pcca
sp P62918 RL8_MOUSE Rpl8 Rpl8
sp P61358 RL27_MOUSE Rpl27 Rpl27
tr Q5XJF6 Q5XJF6_MOUSERpl10a mCG_123122 mCG_18533Rpl10a
sp Q61001 LAMA5_MOUSE Lama5 Lama5
sp P07310 KCRM_MOUSE Ckm Ckmm Ckm
sp O55234 PSB5_MOUSE Psmb5 Psmb5
sp P52825 CPT2_MOUSE Cpt2 Cpt-2 Cpt2
sp P63017 HSP7C_MOUSE Hspa8 Hsc70 Hsc73 Hspa8
sp O09061 PSB1_MOUSE Psmb1 Psmb1
sp Q6ZWN5 RS9_MOUSE Rps9 Rps9
sp P62245 RS15A_MOUSE Rps15a Rps15a
sp Q9D1G3 HHATL_MOUSEHhatl Gup1 Kiaa1173 Hhatl
sp P19253 RL13A_MOUSERpl13a P198 Tstap198-7 Rpl13a
sp P54071 IDHP_MOUSE Idh2 Idh2
tr Q3TVK3 Q3TVK3_MOUSE Dnpep Dnpep
sp P52480-2 KPYM_MOUSE Pkm Pk3 Pkm2 Pykm Pkm



sp P05064 ALDOA_MOUSE Aldoa Aldo1 Aldoa
sp P62754 RS6_MOUSE Rps6 Rps6
sp Q6URW6-3 MYH14_MOUSE Myh14 Myh14
sp P82350 SGCA_MOUSE Sgca Sgca
tr A0A0G2JES3 A0A0G2JES3_MOUSE Rpl9 Rpl9
sp Q64514 TPP2_MOUSE Tpp2 Tpp2
sp Q9R1P0 PSA4_MOUSE Psma4 Psma4
sp P47738 ALDH2_MOUSE Aldh2 Ahd-1 Ahd1 Aldh2
sp Q9Z2U0 PSA7_MOUSE Psma7 Psma7
sp Q9CZU6 CISY_MOUSE Cs Cs
sp Q9CZ13 QCR1_MOUSE Uqcrc1 Uqcrc1
sp Q99KI0 ACON_MOUSE Aco2 Aco2
tr A0A1Y7VKY1 A0A1Y7VKY1_MOUSEGm11361 mCG_116671 Gm11361
tr F6SVV1 F6SVV1_MOUSE Gm9493 Gm9493
sp Q9QUM9 PSA6_MOUSE Psma6 Psma6
sp P14094 AT1B1_MOUSE Atp1b1 Atp4b Atp1b1
sp Q9R1P4 PSA1_MOUSE Psma1 Psma1
sp P35564 CALX_MOUSE Canx Canx
tr A0A1B0GT92 A0A1B0GT92_MOUSE Gys1 Gys1
tr Q564E2 Q564E2_MOUSELdha Ldh1 mCG_19938 Ldha
tr J3QMG3 J3QMG3_MOUSE Vdac3 Vdac3
sp P62889 RL30_MOUSE Rpl30 Rpl30
sp P11499 HS90B_MOUSEHsp90ab1 Hsp84 Hsp84-1 HspcbHsp90ab1
sp Q99LB2 DHRS4_MOUSE Dhrs4 D14Ucla2 Dhrs4
sp P47963 RL13_MOUSE Rpl13 Rpl13
sp Q9CZX8 RS19_MOUSE Rps19 Rps19
sp Q9R118 HTRA1_MOUSE Htra1 Htra Prss11 Htra1
sp Q08857 CD36_MOUSE Cd36 Cd36
tr A0A1B0GQU8 A0A1B0GQU8_MOUSE Rpl18 Rpl18
tr E9QAZ2 E9QAZ2_MOUSE
sp Q9D0M3 CY1_MOUSE Cyc1 Cyc1
sp O54724 CAVN1_MOUSE Cavin1 Ptrf Cavin1
sp Q9DB77 QCR2_MOUSE Uqcrc2 Uqcrc2
sp Q9DCT2 NDUS3_MOUSE Ndufs3 Ndufs3
sp P27659 RL3_MOUSE Rpl3 Rpl3
sp P62983 RS27A_MOUSERps27a Uba80 Ubcep1 Rps27a
sp Q9QXX4 CMC2_MOUSE Slc25a13 Aralar2 Slc25a13
sp O55126 NIPS2_MOUSE Nipsnap2 Gbas Nipsnap2
sp P23927 CRYAB_MOUSE Cryab Crya2 Cryab
sp Q9CPR4 RL17_MOUSE Rpl17 Rpl17
sp P62281 RS11_MOUSE Rps11 Rps11
sp P19783 COX41_MOUSE Cox4i1 Cox4 Cox4a Cox4i1
sp Q9D379 HYEP_MOUSE Ephx1 Ephx1
sp P20029 GRP78_MOUSE Hspa5 Grp78 Hspa5
sp Q9D517 PLCC_MOUSE Agpat3 Lpaat3 Agpat3
sp P26443 DHE3_MOUSE Glud1 Glud Glud1
sp Q8CHS7 DRS7C_MOUSE Dhrs7c Sdr32c2 Dhrs7c
sp Q61941 NNTM_MOUSE Nnt Nnt
sp Q9CQQ7 AT5F1_MOUSE Atp5f1 Atp5f1
sp Q9EQH3 VPS35_MOUSE Vps35 Mem3 Vps35



sp Q9Z2U1 PSA5_MOUSE Psma5 Psma5
sp P14115 RL27A_MOUSE Rpl27a Rpl27a
tr Q3TWV4 Q3TWV4_MOUSEAp2m1 mCG_128452 Ap2m1
sp Q9DCJ5 NDUA8_MOUSE Ndufa8 Ndufa8
sp P61255 RL26_MOUSE Rpl26 Rpl26
sp P63276 RS17_MOUSE Rps17 Rps17
tr D3YXT0 D3YXT0_MOUSE Ndufs2 Ndufs2
sp P62264 RS14_MOUSE Rps14 Rps14
tr A8DUK4 A8DUK4_MOUSEHbb-bs Glna1 Hbb-bt Hbbt1 Hbbt2Hbb-bs
sp Q62351 TFR1_MOUSE Tfrc Trfr Tfrc
sp P62806 H4_MOUSEHist1h4a; Hist1h4b H4-53; Hist1h4c H4-12; Hist1h4d; Hist1h4f; Hist1h4h; Hist1h4i; Hist1h4j; Hist1h4k; Hist1h4m; Hist2h4a Hist2h4; Hist4h4Hist1h4a;
sp P12382 PFKAL_MOUSE Pfkl Pfk-l Pfkb Pfkl
sp O70435 PSA3_MOUSE Psma3 Psma3
sp Q9D710 TMX2_MOUSE Tmx2 Txndc14 Tmx2
tr D3YUM1 D3YUM1_MOUSE Ndufv1 Ndufv1
sp O35129 PHB2_MOUSE Phb2 Bap Bcap37 Rea Phb2
tr Q91V55 Q91V55_MOUSE Rps5 mCG_22552 Rps5
sp P62631 EF1A2_MOUSE Eef1a2 Eef1al Stn Eef1a2
sp P47754 CAZA2_MOUSE Capza2 Cappa2 Capza2
sp P49722 PSA2_MOUSE Psma2 Lmpc3 Psma2
tr Q6ZWZ6 Q6ZWZ6_MOUSERps12-ps3 Rps12 mCG_132913 mCG_6749Rps12-ps3
sp P48036 ANXA5_MOUSE Anxa5 Anx5 Anxa5
sp P24270 CATA_MOUSE Cat Cas-1 Cas1 Cat
sp Q9R1P3 PSB2_MOUSE Psmb2 Psmb2
sp P63260 ACTG_MOUSE Actg1 Actg Actg1
sp P67984 RL22_MOUSE Rpl22 Rpl22
sp Q60994 ADIPO_MOUSEAdipoq Acdc Acrp30 Apm1 Adipoq
tr J3QP71 J3QP71_MOUSE Bsg Bsg
sp Q8BP67 RL24_MOUSE Rpl24 Rpl24
tr A0A1L1SQA8 A0A1L1SQA8_MOUSE Rps25 Rps25
sp Q60692 PSB6_MOUSE Psmb6 Lmp19 Psmb6
sp P16125 LDHB_MOUSE Ldhb Ldh-2 Ldh2 Ldhb
tr Q9CQB4 Q9CQB4_MOUSEUqcrb mCG_67985 Uqcrb
tr A0A140T8M7 A0A140T8M7_MOUSE
sp Q8CGP2 H2B1P_MOUSE Hist1h2bp Hist1h2bp
sp Q8R1S0 COQ6_MOUSE Coq6 Coq6
sp Q9DBH5 LMAN2_MOUSE Lman2 Lman2
tr F2Z456 F2Z456_MOUSE Cyb5r3 Cyb5r3
sp P62900 RL31_MOUSE Rpl31 Rpl31
sp P09055 ITB1_MOUSE Itgb1 Itgb1
sp P05202 AATM_MOUSE Got2 Got-2 Got2
tr B0V2N8 B0V2N8_MOUSE Anxa2 Anxa2
sp Q8BWF0 SSDH_MOUSE Aldh5a1 Aldh5a1
tr H3BL49 H3BL49_MOUSE Cct8 Cct8
sp Q9CR62 M2OM_MOUSE Slc25a11 Slc25a11
sp Q8CI94 PYGB_MOUSE Pygb Pygb
sp Q9D1D4 TMEDA_MOUSE Tmed10 Tmp21 Tmed10
tr Q9CQM8 Q9CQM8_MOUSERpl21 mCG_120646 mCG_121646 mCG_121688 mCG_18971Rpl21
sp Q91YQ5 RPN1_MOUSE Rpn1 Rpn1
sp Q6PIE5 AT1A2_MOUSE Atp1a2 Atp1a2



tr G5E902 G5E902_MOUSESlc25a3 mCG_10343 Slc25a3
sp P70195 PSB7_MOUSE Psmb7 Mmc14 Psmb7
tr Q91VB8 Q91VB8_MOUSEHba-a1 Glnc1 haemaglobin alpha 1 haemaglobin alpha 2 Hba-a2Hba-a1
sp O70572 NSMA_MOUSE Smpd2 Smpd2
sp Q8BW75 AOFB_MOUSE Maob Maob
tr E9PZF0 E9PZF0_MOUSE Gm20390 Gm20390
sp P62911 RL32_MOUSE Rpl32 Rpl32
sp P35979 RL12_MOUSE Rpl12 Rpl12
sp Q9R1P1 PSB3_MOUSE Psmb3 Psmb3
sp Q60737 CSK21_MOUSE Csnk2a1 Ckiia Csnk2a1
tr Q6ZWZ4 Q6ZWZ4_MOUSE Rpl36 mCG_20352 Rpl36
sp Q99MQ4 ASPN_MOUSE Aspn Aspn
sp P11404 FABPH_MOUSE Fabp3 Fabph1 Fabp3
tr A0A0A0MQG2 A0A0A0MQG2_MOUSE Sptbn1 Sptbn1
tr I7HLV2 I7HLV2_MOUSERpl10 RP23-436K3.4-003 Rpl10
tr G3X9L6 G3X9L6_MOUSE
tr S4R1W1 S4R1W1_MOUSE Gm3839 Gm3839
sp Q80XN0 BDH_MOUSE Bdh1 Bdh Bdh1
sp P99026 PSB4_MOUSE Psmb4 Lmp3 Psmb4
sp Q9D0G0 RT30_MOUSE Mrps30 Mrps30
sp Q6ZWV7 RL35_MOUSE Rpl35 Rpl35
sp P80318 TCPG_MOUSE Cct3 Cctg Cct3
sp Q60817 NACA_MOUSE Naca Naca
tr A0A286YEB7 A0A286YEB7_MOUSE Rps24 Rps24
sp Q9CR57 RL14_MOUSE Rpl14 Rpl14
sp P07724 ALBU_MOUSE Alb Alb-1 Alb1 Alb
tr A0A0N4SV00 A0A0N4SV00_MOUSE Cct7 Cct7
tr A0A1W2P7Q9 A0A1W2P7Q9_MOUSE Myl6 Myl6
sp Q63918 CAVN2_MOUSE Cavin2 Sdpr Sdr Cavin2
tr A0A0J9YUZ4 A0A0J9YUZ4_MOUSE Hmgb1 Hmgb1
sp Q91Z83 MYH7_MOUSE Myh7 Myh7
sp P14142 GTR4_MOUSE Slc2a4 Glut-4 Glut4 Slc2a4
sp Q3UN02 LCLT1_MOUSELclat1 Alcat1 Gm91 Lycat Lclat1
sp P62855 RS26_MOUSE Rps26 Rps26
tr A0A0G2JDL9 A0A0G2JDL9_MOUSERap1a mCG_10748 Rap1a
sp O54734 OST48_MOUSE Ddost Ddost
tr Q3TLP8 Q3TLP8_MOUSE Rac1 mCG_23557 Rac1
sp O55026 ENTP2_MOUSE Entpd2 Cd39l1 Entpd2
tr B1AR69 B1AR69_MOUSE Myh13 Myh13
sp Q9CPY7 AMPL_MOUSE Lap3 Lapep Lap3
sp Q91YN9 BAG2_MOUSE Bag2 Bag2
sp P97429 ANXA4_MOUSE Anxa4 Anx4 Anxa4
sp P08752 GNAI2_MOUSE Gnai2 Gnai-2 Gnai2
sp P51637 CAV3_MOUSE Cav3 Cav3
sp P56391 CX6B1_MOUSE Cox6b1 Cox6b Cox6b1
sp P67778 PHB_MOUSE Phb Phb
tr Q3UW83 Q3UW83_MOUSE Rps10 Rps10
sp Q7TSH2 KPBB_MOUSE Phkb Phkb
tr Q9D881 Q9D881_MOUSEGm11273 Cox5b mCG_17741 mCG_23026Gm11273
sp P62830 RL23_MOUSE Rpl23 Rpl23



sp P61164 ACTZ_MOUSE Actr1a Ctrn1 Actr1a
sp P47757 CAPZB_MOUSE Capzb Cappb1 Capzb
sp Q9DB20 ATPO_MOUSE Atp5o D12Wsu28e Atp5o
tr E9Q7G1 E9Q7G1_MOUSE Tmed7 Tmed7
sp Q9R069 BCAM_MOUSE Bcam Gplu Lu Bcam
tr G3X8R0 G3X8R0_MOUSEReep5 mCG_121499 Reep5
sp P52503 NDUS6_MOUSE Ndufs6 Ip13 Ndufs6
sp P04247 MYG_MOUSE Mb Mb
sp P51881 ADT2_MOUSE Slc25a5 Ant2 Slc25a5
sp Q8R127 SCPDL_MOUSE Sccpdh Sccpdh
sp Q8C7X2 EMC1_MOUSE Emc1 Kiaa0090 Emc1
sp Q9D1N9 RM21_MOUSE Mrpl21 D9Wsu149 Mrpl21
sp O35459 ECH1_MOUSE Ech1 Ech1
sp P28063 PSB8_MOUSE Psmb8 Lmp7 Mc13 Psmb8
sp Q3TMP8 TM38A_MOUSE Tmem38a Tmem38a
sp P41105 RL28_MOUSE Rpl28 Rpl28
sp P14685 PSMD3_MOUSEPsmd3 P91a Tstap91a Psmd3
sp E9Q557 DESP_MOUSE Dsp Dsp
sp Q8BH64 EHD2_MOUSE Ehd2 Ehd2
sp Q9ERS2 NDUAD_MOUSE Ndufa13 Grim19 Ndufa13
tr S4R1E5 S4R1E5_MOUSE Gpx4 Gpx4
tr E9Q8P0 E9Q8P0_MOUSE Tnnc1 Tnnc1
sp P48787 TNNI3_MOUSE Tnni3 Tnni3
sp Q9CQB5 CISD2_MOUSECisd2 Cdgsh2 Noxp70 Zcd2 Cisd2
sp Q922B1 MACD1_MOUSE Macrod1 Lrp16 Macrod1
sp P82347 SGCD_MOUSE Sgcd Sgcd
sp P63268 ACTH_MOUSE Actg2 Acta3 Actsg Actg2
sp O88322 NID2_MOUSE Nid2 Nid2
tr F6QYE1 F6QYE1_MOUSE Casq2 Casq2
sp Q9CPU4 MGST3_MOUSE Mgst3 Mgst3
sp P31428 DPEP1_MOUSE Dpep1 Mbd1 Rdp Dpep1
sp Q9DCS9 NDUBA_MOUSE Ndufb10 Ndufb10
tr Q3TZS3 Q3TZS3_MOUSE Itga7 Itga7
tr Q9D050 Q9D050_MOUSE Mtch2 Mtch2
sp P97384 ANX11_MOUSE Anxa11 Anx11 Anxa11
sp Q9CQA3 SDHB_MOUSE Sdhb Sdhb
sp Q8BMS4 COQ3_MOUSE Coq3 Coq3
tr Q5SVW9 Q5SVW9_MOUSE Tmed4 Tmed4
sp Q9ES97 RTN3_MOUSE Rtn3 Rtn3
sp P62897 CYC_MOUSE Cycs Cycs
sp P12787 COX5A_MOUSE Cox5a Cox5a
sp O70622 RTN2_MOUSE Rtn2 Nspl1 Rtn2
tr D3YTQ9 D3YTQ9_MOUSE Rps15 Rps15
tr A0A0N4SW94 A0A0N4SW94_MOUSE Myadm Myadm
tr A0A0G2JG29 A0A0G2JG29_MOUSE Rps27 Rps27
sp Q9CQZ5 NDUA6_MOUSE Ndufa6 Ndufa6
sp Q99JB8 PACN3_MOUSE Pacsin3 Pacsin3
sp Q64522 H2A2B_MOUSE Hist2h2ab Hist2h2ab
sp P06745 G6PI_MOUSE Gpi Gpi1 Gpi
sp P00405 COX2_MOUSEMtco2 COII COX2 mt-Co2 Mtco2



sp A2AMM0 CAVN4_MOUSE Cavin4 Murc Cavin4
sp Q9D1P0 RM13_MOUSE Mrpl13 Mrpl13
sp P70704 AT8A1_MOUSE Atp8a1 Atpc1 Atp8a1
sp Q9CR61 NDUB7_MOUSE Ndufb7 Ndufb7
tr E9Q1X8 E9Q1X8_MOUSE Cacna2d1 Cacna2d1
tr G5E839 G5E839_MOUSE Cct4 Cct4
sp Q9QYG0 NDRG2_MOUSENdrg2 Kiaa1248 Ndr2 Ndrg2
tr H3BJQ7 H3BJQ7_MOUSE Prdx5 Prdx5
sp P43277 H13_MOUSE Hist1h1d H1f3 Hist1h1d
sp Q99LC3 NDUAA_MOUSE Ndufa10 Ndufa10
sp Q64152 BTF3_MOUSE Btf3 Btf3
sp P59266 FITM2_MOUSE Fitm2 Fit2 Fitm2
sp P31001 DESM_MOUSE Des Des
sp P08249 MDHM_MOUSE Mdh2 Mor1 Mdh2
tr E0CZ27 E0CZ27_MOUSE H3f3a H3f3a
sp P54116 STOM_MOUSE Stom Epb7.2 Epb72 Stom
tr G3UXL2 G3UXL2_MOUSE Prps1l3 Prps1l3
sp P17751 TPIS_MOUSE Tpi1 Tpi Tpi1
sp Q9WV91 FPRP_MOUSE Ptgfrn Fprp Ptgfrn
sp Q60714 S27A1_MOUSE Slc27a1 Fatp Fatp1 Slc27a1
sp Q9CPP6 NDUA5_MOUSE Ndufa5 Ndufa5
sp Q8K3J1 NDUS8_MOUSE Ndufs8 Ndufs8
sp Q9EP89 LACTB_MOUSE Lactb Lact1 Lactb
sp P80317 TCPZ_MOUSE Cct6a Cct6 Cctz Cctz1 Cct6a
sp P09470 ACE_MOUSE Ace Dcp1 Ace
sp Q06185 ATP5I_MOUSEAtp5i Atp5k Lfm-1 Lfm1 Atp5i
sp P03911 NU4M_MOUSE Mtnd4 mt-Nd4 Nd4 Mtnd4
tr Q8R2K3 Q8R2K3_MOUSE Ssbp1 mCG_15097 Ssbp1
tr Q14BI5 Q14BI5_MOUSE Myom2 Myom2
sp P24549 AL1A1_MOUSEAldh1a1 Ahd-2 Ahd2 Aldh1 Aldh1a1
tr B1AR28 B1AR28_MOUSE Acadvl Acadvl
sp P53986 MOT1_MOUSE Slc16a1 Mct1 Slc16a1
sp P60867 RS20_MOUSE Rps20 Rps20
tr B1AXW6 B1AXW6_MOUSE Prdx1 Prdx1
sp Q8BGH2 SAM50_MOUSE Samm50 Samm50
sp Q9JHU4 DYHC1_MOUSEDync1h1 Dhc1 Dnch1 Dnchc1 DyhcDync1h1
sp P97927 LAMA4_MOUSE Lama4 Lama4
sp O70433 FHL2_MOUSE Fhl2 Fhl2
sp P42125 ECI1_MOUSE Eci1 Dci Eci1
sp Q3TXS7 PSMD1_MOUSE Psmd1 Psmd1
sp Q8VCT4 CES1D_MOUSE Ces1d Ces1 Ces3 Ces1d
tr G3UWC2 G3UWC2_MOUSENaalad2 mCG_4774 Naalad2
sp P14152 MDHC_MOUSE Mdh1 Mor2 Mdh1
sp Q9CQH7 BT3L4_MOUSE Btf3l4 Btf3l4
sp P82349 SGCB_MOUSE Sgcb Sgcb
sp Q9D7N9 APMAP_MOUSE Apmap Apmap
tr A0A0A6YWK5 A0A0A6YWK5_MOUSE Ighv1-31 Ighv1-31
tr Q3UN88 Q3UN88_MOUSEMcpt4 mCG_130832 Mcpt4
sp Q9CPQ8 ATP5L_MOUSE Atp5l Atp5l
sp Q8BFZ9 ERLN2_MOUSE Erlin2 Spfh2 Erlin2



sp Q91WS0 CISD1_MOUSECisd1 D10Ertd214e Zcd1 Cisd1
sp Q6IFX2 K1C42_MOUSE Krt42 Ka22 Krt42
sp O35955 PSB10_MOUSEPsmb10 Lmp10 Mecl1 Psmb10
sp O88441 MTX2_MOUSE Mtx2 MNCb-0780 Mtx2
tr F8WIE1 F8WIE1_MOUSE Man2c1 Man2c1
sp P59999 ARPC4_MOUSE Arpc4 Arc20 Arpc4
sp P63101 1433Z_MOUSE Ywhaz Ywhaz
sp Q9CQR2 RS21_MOUSE Rps21 Rps21
sp Q02257 PLAK_MOUSE Jup Jup
tr F6Y6V5 F6Y6V5_MOUSE Ndufb5 Ndufb5
sp Q9JJI8 RL38_MOUSE Rpl38 Rpl38
sp Q91YP0 L2HDH_MOUSE L2hgdh L2hgdh
sp Q8BWT1 THIM_MOUSE Acaa2 Acaa2
sp Q8QZT1 THIL_MOUSE Acat1 Acat1
sp Q9CPR5 RM15_MOUSE Mrpl15 Mrpl15
sp P58021 TM9S2_MOUSE Tm9sf2 Tm9sf2
sp Q07113 MPRI_MOUSE Igf2r Igf2r
sp Q8VDM4 PSMD2_MOUSE Psmd2 Psmd2
sp Q9D0F3 LMAN1_MOUSE Lman1 Ergic53 Lman1
tr F6VY18 F6VY18_MOUSE Gmpr Gmpr
tr Q3UI33 Q3UI33_MOUSE Metap2 METAP2 Metap2
tr A0A0B4J1H6 A0A0B4J1H6_MOUSE Igkv2-137 Igkv2-137
sp Q8BT60 CPNE3_MOUSE Cpne3 Kiaa0636 Cpne3
sp P27467 WNT3A_MOUSE Wnt3a Wnt-3a Wnt3a
sp Q00519 XDH_MOUSE Xdh Xdh
sp P00397 COX1_MOUSE Mtco1 COI mt-Co1 Mtco1
tr H3BJ97 H3BJ97_MOUSE Tinagl1 Tinagl1
sp Q9DC70 NDUS7_MOUSE Ndufs7 Ndufs7
sp Q9D8P4 RM17_MOUSE Mrpl17 Mrpl17
sp Q9CQC7 NDUB4_MOUSE Ndufb4 Ndufb4
sp Q91W97 HKDC1_MOUSE Hkdc1 Hkdc1
sp P03888 NU1M_MOUSE Mtnd1 mt-Nd1 Nd1 Mtnd1
tr Q6ZWQ9 Q6ZWQ9_MOUSEMyl12a 2900073G15Rik mCG_5400Myl12a
tr Q6P3F7 Q6P3F7_MOUSE Popdc2 Popdc2
tr Q642K5 Q642K5_MOUSEFau Gm9843 mCG_11741 Fau
tr F6S4G2 F6S4G2_MOUSE Cds2 Cds2
tr A2A547 A2A547_MOUSE Rpl19 Rpl19
tr A0A140LHC6 A0A140LHC6_MOUSE Csrp3 Csrp3
tr A0A0N4SVQ1 A0A0N4SVQ1_MOUSE Ndufa4 Ndufa4
sp Q9D6J5 NDUB8_MOUSE Ndufb8 Ndufb8
sp Q9D023 MPC2_MOUSE Mpc2 Brp44 Mpc2
sp Q9CZB0 C560_MOUSE Sdhc Sdhc
sp P62267 RS23_MOUSE Rps23 Rps23
sp P61514 RL37A_MOUSE Rpl37a Rpl37a
sp P35486 ODPA_MOUSE Pdha1 Pdha-1 Pdha1
sp O55100 SNG1_MOUSE Syngr1 Syngr1
sp Q8BH59 CMC1_MOUSE Slc25a12 Aralar1 Slc25a12
tr A0A1B0GSI7 A0A1B0GSI7_MOUSE Col4a1 Col4a1
tr G3UYV7 G3UYV7_MOUSE Rps28 Rps28
tr A0A0R4J275 A0A0R4J275_MOUSENdufa12 mCG_11204 Ndufa12



tr F8WIJ0 F8WIJ0_MOUSE Slc12a4 Slc12a4
tr A0A0U1RP13 A0A0U1RP13_MOUSE Cdipt Cdipt
tr A0A0R4J1Z3 A0A0R4J1Z3_MOUSE Tmem33 Tmem33
sp Q9D898 ARP5L_MOUSE Arpc5l Arpc5l
tr E9Q800 E9Q800_MOUSE Immt Immt
sp Q9CQN7 RM41_MOUSE Mrpl41 Mrpl41
sp Q91V79 FITM1_MOUSE Fitm1 Fit1 Fitm1
sp Q8C165 P20D1_MOUSE Pm20d1 Pm20d1
sp P49817 CAV1_MOUSE Cav1 Cav Cav1
sp Q9DCU6 RM04_MOUSE Mrpl4 MNCb-3848 Mrpl4
sp Q91VJ2 CAVN3_MOUSECavin3 Prkcdbp Srbc Cavin3
sp P68372 TBB4B_MOUSE Tubb4b Tubb2c Tubb4b
sp Q8BH95 ECHM_MOUSE Echs1 Echs1
sp Q8BH61 F13A_MOUSE F13a1 F13a F13a1
tr Q8C2Q8 Q8C2Q8_MOUSE Atp5c1 Atp5c1
sp P42669 PURA_MOUSE Pura Pura
sp P51863 VA0D1_MOUSE Atp6v0d1 Atp6d Atp6v0d1
sp P80314 TCPB_MOUSE Cct2 Cctb Cct2
tr Z4YJF5 Z4YJF5_MOUSE Myom1 Myom1
tr E9Q9M1 E9Q9M1_MOUSE Nt5c2 Nt5c2
tr G5E8T0 G5E8T0_MOUSE Dnajc5 mCG_23060 Dnajc5
sp Q9DBS1 TMM43_MOUSE Tmem43 Tmem43
tr E9Q7L0 E9Q7L0_MOUSE Ogdhl Ogdhl
sp P38647 GRP75_MOUSEHspa9 Grp75 Hsp74 Hspa9a Hspa9
tr E9QKR0 E9QKR0_MOUSE Gnb2 Gnb2
sp P03930 ATP8_MOUSE Mtatp8 Atp8 mt-Atp8 Mtatp8
tr A2AI91 A2AI91_MOUSE Phka1 Phka1
sp Q9ES83 POPD1_MOUSE Bves Pop1 Popdc1 Bves
sp Q921S7 RM37_MOUSE Mrpl37 Mrpl37
sp P82348 SGCG_MOUSE Sgcg Sgcg
sp P09411 PGK1_MOUSE Pgk1 Pgk-1 Pgk1
sp Q9CQ69 QCR8_MOUSE Uqcrq Uqcrq
tr F8WHP8 F8WHP8_MOUSE Atp5j2 Atp5j2
sp Q99M87 DNJA3_MOUSE Dnaja3 Tid1 Dnaja3
sp O35295 PURB_MOUSE Purb Purb
sp Q9WVL3 S12A7_MOUSE Slc12a7 Kcc4 Slc12a7
sp P83882 RL36A_MOUSE Rpl36a Rpl44 Rpl36a
sp Q9CQL5 RM18_MOUSE Mrpl18 Mrpl18
sp P06342 HB2Q_MOUSE H2-Ab1 H2-Ab1
sp Q61171 PRDX2_MOUSE Prdx2 Tdpx1 Tpx Prdx2
sp Q9CQX2 CYB5B_MOUSE Cyb5b Cyb5m Cyb5b
sp Q9JHZ2 ANKH_MOUSE Ankh Ank Ankh
tr Z4YJR1 Z4YJR1_MOUSE Lmf1 Lmf1
tr D3YX76 D3YX76_MOUSE Gstm2 Gstm2
sp P17427 AP2A2_MOUSE Ap2a2 Adtab Ap2a2
sp P05132 KAPCA_MOUSE Prkaca Pkaca Prkaca
tr A0A0A6YXW6 A0A0A6YXW6_MOUSE Igha Igha
sp P60202 MYPR_MOUSE Plp1 Plp Plp1
sp P05201 AATC_MOUSE Got1 Got1
sp O70423 AOC3_MOUSE Aoc3 Vap1 Aoc3



sp P70404 IDHG1_MOUSE Idh3g Idh3g
sp Q8VHX6 FLNC_MOUSE Flnc Abpl Fln2 Flnc
tr F6V084 F6V084_MOUSE Tmx1 Tmx1
tr A0A0R4J0L6 A0A0R4J0L6_MOUSE Mrps35 Mrps35
tr K3W4T3 K3W4T3_MOUSE Atp6v0a1 Atp6v0a1
sp P97499 TEP1_MOUSE Tep1 Tp1 Tep1
sp Q8BU88 RM22_MOUSE Mrpl22 Mrpl22
tr E9QL80 E9QL80_MOUSE Lpgat1 Lpgat1
sp Q9ERI6 RDH14_MOUSE Rdh14 Rdh14
sp Q99JI4 PSMD6_MOUSE Psmd6 Psmd6
tr F6QKK2 F6QKK2_MOUSE Arl8a Arl8a
tr Q6PHC1 Q6PHC1_MOUSE Eno1 Eno1
tr F8WIS9 F8WIS9_MOUSE Camk2a Camk2a
sp P11983 TCPA_MOUSE Tcp1 Cct1 Ccta Tcp1
sp Q9CVB6 ARPC2_MOUSE Arpc2 Arpc2
sp P97742 CPT1A_MOUSE Cpt1a Cpt-1 Cpt1 Cpt1a
tr H3BKR2 H3BKR2_MOUSE Gnb1 Gnb1
sp Q4ZJN1 C1QT9_MOUSE C1qtnf9 C1qtnf9
tr E9Q3T0 E9Q3T0_MOUSE Gm10073 Gm10073
tr Q7TSG6 Q7TSG6_MOUSE Rdx Rdx
tr D6RH49 D6RH49_MOUSE Rps27l Rps27l
sp O35593 PSDE_MOUSE Psmd14 Pad1 Psmd14
sp Q8BY89 CTL2_MOUSE Slc44a2 Ctl2 Slc44a2
tr A0A0A6YVS2 A0A0A6YVS2_MOUSE Tmco1 Tmco1
sp Q9CRD2 EMC2_MOUSE Emc2 Kiaa0103 Ttc35 Emc2
tr A2AP78 A2AP78_MOUSE Hmgb3 Hmgb3
tr G3UZT2 G3UZT2_MOUSE Selenbp2 Selenbp2
sp P24369 PPIB_MOUSE Ppib Ppib
tr B1AT36 B1AT36_MOUSE Psmd12 Psmd12
sp Q9EQ06 DHB11_MOUSEHsd17b11 Dhrs8 Pan1b Hsd17b11
tr Q8BHF5 Q8BHF5_MOUSE Rtn4 Rtn4
sp Q9EP69 SAC1_MOUSE Sacm1l Kiaa0851 Sac1 Sacm1l
sp P97449 AMPN_MOUSE Anpep Lap-1 Lap1 Anpep
tr F6SFF5 F6SFF5_MOUSE Coq9 Coq9
sp Q3ULD5 MCCB_MOUSE Mccc2 Mccc2
sp P61089 UBE2N_MOUSE Ube2n Blu Ube2n
sp Q9CR68 UCRI_MOUSE Uqcrfs1 Uqcrfs1
tr H3BKF4 H3BKF4_MOUSE Gm20708 Gm20708
tr Q5SW88 Q5SW88_MOUSE Rab1a Rab1 Rab1a
tr G5E8R7 G5E8R7_MOUSE Smyd1 Smyd1
tr A0A1W2P8E1 A0A1W2P8E1_MOUSE Ilvbl Ilvbl
sp Q6PD26 PIGS_MOUSE Pigs Pigs
tr A0A1L1STE6 A0A1L1STE6_MOUSE Idh3a Idh3a
sp O55143 AT2A2_MOUSE Atp2a2 Atp2a2
sp Q9QWL7 K1C17_MOUSE Krt17 Krt1-17 Krt17
sp Q4VAE3 TMM65_MOUSE Tmem65 Tmem65
sp Q62165 DAG1_MOUSE Dag1 Dag-1 Dag1
sp P19785 ESR1_MOUSEEsr1 Esr Estr Estra Nr3a1 Esr1
tr Q3UAM9 Q3UAM9_MOUSE Eng Eng
tr G3X942 G3X942_MOUSEGalnt9 mCG_129543 Galnt9



tr G3UZX4 G3UZX4_MOUSE Csnk2b Csnk2b
tr F8WHM5 F8WHM5_MOUSE Glg1 Glg1
tr E9PXM6 E9PXM6_MOUSE Slc29a1 Slc29a1
tr E9PUE8 E9PUE8_MOUSE Abcc9 Abcc9
tr D3Z456 D3Z456_MOUSE Mrpl3 mCG_14748 Mrpl3
tr A0A0R4J2A0 A0A0R4J2A0_MOUSE Ssh2 Ssh2
sp Q9WTR5 CAD13_MOUSE Cdh13 Cdh13
sp Q8BXV2 BRI3B_MOUSE Bri3bp Bri3bp
sp P35762 CD81_MOUSE Cd81 Tapa1 Cd81
sp O54962 BAF_MOUSE Banf1 Baf Bcrp1 L2bp1 Banf1
tr Z4YN97 Z4YN97_MOUSE Ak1 Ak1
tr Q9D8L3 Q9D8L3_MOUSE Ssr4 mCG_8079 Ssr4
tr Q5D073 Q5D073_MOUSEPxmp2 mCG_134215 Pxmp2
tr F6XWB2 F6XWB2_MOUSEIgkv1-99 Igkv1-115 Igkv1-99
tr F6XCE3 F6XCE3_MOUSE Myl2 Myl2
tr D3Z198 D3Z198_MOUSE Mrps17 Mrps17
tr D3YY42 D3YY42_MOUSE Yif1b Yif1b
tr A2AMH5 A2AMH5_MOUSE Slc44a1 Slc44a1
tr A0A1L1SSA8 A0A1L1SSA8_MOUSE Tmem205 Tmem205
tr A0A140LIU4 A0A140LIU4_MOUSECox7a1 mCG_21566 Cox7a1
tr A0A0U1RNP6 A0A0U1RNP6_MOUSE Tdrd12 Tdrd12
sp Q9Z2I9 SUCB1_MOUSE Sucla2 Sucla2
sp Q9QZQ8 H2AY_MOUSE H2afy H2afy
sp Q9EP72 EMC7_MOUSE Emc7 Orf3 Emc7
sp Q9D6J6 NDUV2_MOUSE Ndufv2 Ndufv2
sp Q9D3D9 ATPD_MOUSE Atp5f1d Atp5d Atp5f1d
sp Q9CQZ6 NDUB3_MOUSE Ndufb3 Ndufb3
sp Q9CQN6 TM14C_MOUSE Tmem14c Tmem14c
sp Q9CQ40 RM49_MOUSE Mrpl49 Mrpl49
sp Q99N92 RM27_MOUSE Mrpl27 Mrpl27
sp Q99KP6 PRP19_MOUSE Prpf19 Prp19 Snev Prpf19
sp Q99KI3 EMC3_MOUSE Emc3 Tmem111 Emc3
sp Q78IK2 USMG5_MOUSE Usmg5 Dapit Usmg5
sp Q61735 CD47_MOUSE Cd47 Cd47
sp Q08AU7 MADL2_MOUSE Myadml2 Myadml2
sp P62892 RL39_MOUSE Rpl39 Rpl39
sp P62274 RS29_MOUSE Rps29 Rps29
sp P57716 NICA_MOUSE Ncstn Ncstn
sp P50247 SAHH_MOUSE Ahcy Ahcy
sp P12815 PDCD6_MOUSE Pdcd6 Alg2 Pdcd6
sp P01887 B2MG_MOUSE B2m B2m
tr A2AEY2 A2AEY2_MOUSE Fhl1 mCG_9696 Fhl1
sp Q99M71 EPDR1_MOUSEEpdr1 Epdr2 Merp1 Merp2 Epdr1
sp Q9JJW5 MYOZ2_MOUSE Myoz2 Myoz2
sp Q9EPL8 IPO7_MOUSE Ipo7 Ranbp7 Ipo7
sp P61014 PPLA_MOUSE Pln Pln
tr Q3UN10 Q3UN10_MOUSE Wfs1 Wfs1
tr B1B1D8 B1B1D8_MOUSE Mrpl2 Mrpl2
sp Q91V01 MBOA5_MOUSELpcat3 Grcc3f Mboat5 Oact5 Lpcat3
sp P62259 1433E_MOUSE Ywhae Ywhae



tr B1ARW4 B1ARW4_MOUSE Ndufs5 Ndufs5
sp P68373 TBA1C_MOUSE Tuba1c Tuba6 Tuba1c
sp Q8VDT9 RM50_MOUSE Mrpl50 Mrpl50
sp Q9QWK4 CD5L_MOUSE Cd5l Aim Api6 Cd5l
sp P17047 LAMP2_MOUSE Lamp2 Lamp-2 Lamp2
sp Q6P3A8 ODBB_MOUSE Bckdhb Bckdhb
tr Q3TRE0 Q3TRE0_MOUSE Sspn mCG_15024 Sspn
sp Q9CPU2 NDUB2_MOUSE Ndufb2 Ndufb2
sp O08749 DLDH_MOUSE Dld Dld
sp P60229 EIF3E_MOUSE Eif3e Eif3s6 Int6 Eif3e
sp Q14C51 PTCD3_MOUSE Ptcd3 Mrps39 Ptcd3
sp P97370 AT1B3_MOUSE Atp1b3 Atp1b3
sp Q8R429 AT2A1_MOUSE Atp2a1 Atp2a1
sp Q9CX56 PSMD8_MOUSE Psmd8 Psmd8
tr E9PY26 E9PY26_MOUSE Blmh Blmh
sp P11531 DMD_MOUSE Dmd Dmd
tr D3YVV1 D3YVV1_MOUSE Tmem30a Tmem30a
tr G3UZG6 G3UZG6_MOUSE Cyb5r1 mCG_5352 Cyb5r1
tr Q5RL57 Q5RL57_MOUSEAkap8l mCG_14258 Akap8l
sp Q9CQ75 NDUA2_MOUSE Ndufa2 Ndufa2
tr A0A0G2JGE1 A0A0G2JGE1_MOUSE Kyat3 Kyat3
sp P24668 MPRD_MOUSE M6pr 46mpr M6pr
sp P21981 TGM2_MOUSE Tgm2 Tgm2
sp P82198 BGH3_MOUSE Tgfbi Tgfbi
tr G3X8U7 G3X8U7_MOUSE Ppp3cb mCG_5935 Ppp3cb
sp Q8BFZ3 ACTBL_MOUSE Actbl2 Actbl2



Gene names Significant Length
Enrichment log
ratio (beta/wt) Accession ID

Pdhx + 501 4.1098 Q8BKZ9 ODPX_MOUSE
Dlat + 642 4.1029 Q8BMF4 ODP2_MOUSE
Coq3 + 370 4.0101 Q8BMS4 COQ3_MOUSE
Coq6 + 476 3.9902 Q8R1S0 COQ6_MOUSE
Ogdhl + 1029 3.6329 E9Q7L0 E9Q7L0_MOUSE

Cpt2 Cpt-2 + 658 3.6044 P52825 CPT2_MOUSE
Vcp + 806 3.4740 Q01853 TERA_MOUSE

Mcpt4 mCG_130832 + 246 3.4598 Q3UN88 Q3UN88_MOUSE
Ogdh + 1019 3.2651 Z4YJV4 Z4YJV4_MOUSE

Bckdhb + 390 3.2128 Q6P3A8 ODBB_MOUSE
Aldh2 Ahd-1 Ahd1 + 519 3.0859 P47738 ALDH2_MOUSE

Galnt9 mCG_129543 + 604 2.9584 G3X942 G3X942_MOUSE
Nid1 Ent + 1245 2.9551 P10493 NID1_MOUSE

Psmb10 Lmp10 Mecl1 + 273 2.9345 O35955 PSB10_MOUSE
Ech1 + 327 2.9164 O35459 ECH1_MOUSE

Psmb6 Lmp19 + 238 2.9118 Q60692 PSB6_MOUSE
Lamb1 + 1834 2.9068 E9QN70 E9QN70_MOUSE
Blmh + 179 2.9050 E9PY26 E9PY26_MOUSE

Psma4 + 261 2.8703 Q9R1P0 PSA4_MOUSE
Lap3 Lapep + 519 2.8615 Q9CPY7 AMPL_MOUSE

L2hgdh + 464 2.8380 Q91YP0 L2HDH_MOUSE
Csrp3 + 65 2.8174 A0A140LHC6 A0A140LHC6_MOUSE

Igkv1-99 Igkv1-115 + 120 2.8094 F6XWB2 F6XWB2_MOUSE
Psma2 Lmpc3 + 234 2.8068 P49722 PSA2_MOUSE

H2-Ab1 + 265 2.7746 P06342 HB2Q_MOUSE
Ftl1 Ftl1-ps1 mCG_17237 + 183 2.7124 Q9CPX4 Q9CPX4_MOUSE

Ssh2 + 1429 2.7022 A0A0R4J2A0 A0A0R4J2A0_MOUSE
Psma1 + 263 2.6714 Q9R1P4 PSA1_MOUSE

Ssbp1 mCG_15097 + 148 2.6116 Q8R2K3 Q8R2K3_MOUSE
Psmb7 Mmc14 + 277 2.5977 P70195 PSB7_MOUSE

Psma6 + 246 2.5874 Q9QUM9 PSA6_MOUSE
Psmb3 + 205 2.5855 Q9R1P1 PSB3_MOUSE
Psmb1 + 240 2.5850 O09061 PSB1_MOUSE

Aoc3 Vap1 + 765 2.5846 O70423 AOC3_MOUSE
Psma7 + 248 2.5815 Q9Z2U0 PSA7_MOUSE
Psma3 + 255 2.5680 O70435 PSA3_MOUSE

Ighv1-31 + 117 2.5411 A0A0A6YWK5A0A0A6YWK5_MOUSE
Lama2 + 3118 2.5382 Q60675 LAMA2_MOUSE
Psmb2 + 201 2.5267 Q9R1P3 PSB2_MOUSE

Lamb2 Lams + 1799 2.5150 Q61292 LAMB2_MOUSE
Hist1h4a;Hist1h4b H4-53;Hist1h4c H4-12;Hist1h4d;Hist1h4f;Hist1h4h;Hist1h4i;Hist1h4j;Hist1h4k;Hist1h4m;Hist2h4a Hist2h4;Hist4h4+ 103 2.5078 P62806 H4_MOUSE

Dld + 509 2.4987 O08749 DLDH_MOUSE
Fth1 Fth + 182 2.4783 P09528 FRIH_MOUSE

Pfkl Pfk-l Pfkb + 780 2.4697 P12382 PFKAL_MOUSE
Htra1 Htra Prss11 + 480 2.4690 Q9R118 HTRA1_MOUSE

Significantly differentially enriched proteins (391) in preparations from β-catΔex3 hearts



Echs1 + 290 2.4612 Q8BH95 ECHM_MOUSE
Psmb5 + 264 2.4587 O55234 PSB5_MOUSE

Hspa9 Grp75 Hsp74 Hspa9a + 679 2.4076 P38647 GRP75_MOUSE
Psmb4 Lmp3 + 264 2.4053 P99026 PSB4_MOUSE
Glud1 Glud + 558 2.4026 P26443 DHE3_MOUSE

Kyat3 + 194 2.3956 A0A0G2JGE1 A0A0G2JGE1_MOUSE
Gm3839 + 333 2.3885 S4R1W1 S4R1W1_MOUSE

Dbt + 482 2.3693 P53395 ODB2_MOUSE
Ighm + 476 2.3414 A0A075B6A0 A0A075B6A0_MOUSE

Igkv2-137 + 120 2.3358 A0A0B4J1H6 A0A0B4J1H6_MOUSE
H2afy + 372 2.2989 Q9QZQ8 H2AY_MOUSE
Psma5 + 241 2.2986 Q9Z2U1 PSA5_MOUSE

Pdha1 Pdha-1 + 390 2.2878 P35486 ODPA_MOUSE
Ckm Ckmm + 381 2.2758 P07310 KCRM_MOUSE
Lactb Lact1 + 551 2.2618 Q9EP89 LACTB_MOUSE

H3f3a + 119 2.2607 E0CZ27 E0CZ27_MOUSE
Dync1h1 Dhc1 Dnch1 Dnchc1 Dyhc+ 4644 2.2542 Q9JHU4 DYHC1_MOUSE

Acadl + 430 2.2293 A0A0R4J083 A0A0R4J083_MOUSE
Idh3a + 384 2.2158 A0A1L1STE6 A0A1L1STE6_MOUSE
Lamc1 + 1607 2.2134 F8VQJ3 F8VQJ3_MOUSE
Tinagl1 + 435 2.2120 H3BJ97 H3BJ97_MOUSE

Psmb8 Lmp7 Mc13 + 276 2.1807 P28063 PSB8_MOUSE
Lama5 + 3718 2.1574 Q61001 LAMA5_MOUSE

Macrod1 Lrp16 + 323 2.1573 Q922B1 MACD1_MOUSE
Sucla2 + 463 2.1059 Q9Z2I9 SUCB1_MOUSE

Esr1 Esr Estr Estra Nr3a1 + 599 2.0986 P19785 ESR1_MOUSE
Psmd6 + 389 2.0934 Q99JI4 PSMD6_MOUSE

Ldha Ldh1 mCG_19938 + 332 2.0891 Q564E2 Q564E2_MOUSE
Aldh5a1 + 523 2.0829 Q8BWF0 SSDH_MOUSE

Gm20390 + 267 2.0697 E9PZF0 E9PZF0_MOUSE
Rtn3 + 964 2.0663 Q9ES97 RTN3_MOUSE
Xdh + 1335 2.0624 Q00519 XDH_MOUSE

Mybpc3 + 1278 2.0497 Q3UIK0 Q3UIK0_MOUSE
Pzp A2m + 1495 2.0486 Q61838 PZP_MOUSE
Acadvl + 634 2.0462 B1AR28 B1AR28_MOUSE
Mrps17 + 87 2.0440 D3Z198 D3Z198_MOUSE
Gpi Gpi1 + 558 2.0281 P06745 G6PI_MOUSE
Lama4 + 1816 1.9965 P97927 LAMA4_MOUSE

Pgk1 Pgk-1 + 417 1.9823 P09411 PGK1_MOUSE
Eci1 Dci + 289 1.9774 P42125 ECI1_MOUSE
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Myl2 62 1.0307 F6XCE3 F6XCE3_MOUSE
Sdhb 282 1.0166 Q9CQA3 SDHB_MOUSE

Wnt3a Wnt-3a 352 0.9863 P27467 WNT3A_MOUSE
Got1 413 0.8448 P05201 AATC_MOUSE

Cavin3 Prkcdbp Srbc 260 0.8169 Q91VJ2 CAVN3_MOUSE
Anxa4 Anx4 319 0.7753 P97429 ANXA4_MOUSE

Igha 389 0.7456 A0A0A6YXW6A0A0A6YXW6_MOUSE
Anpep Lap-1 Lap1 966 0.7312 P97449 AMPN_MOUSE

Vdac2 Vdac6 295 0.6834 Q60930 VDAC2_MOUSE
Ppib 216 0.6607 P24369 PPIB_MOUSE
Dlst 454 0.6574 Q9D2G2 ODO2_MOUSE

Maob 520 0.6500 Q8BW75 AOFB_MOUSE
Mpc2 Brp44 127 0.6287 Q9D023 MPC2_MOUSE

Cpt1a Cpt-1 Cpt1 773 0.6267 P97742 CPT1A_MOUSE
Rac1 mCG_23557 211 0.5938 Q3TLP8 Q3TLP8_MOUSE
Ssr4 mCG_8079 173 0.5603 Q9D8L3 Q9D8L3_MOUSE

Immt 679 0.5533 E9Q800 E9Q800_MOUSE
Ndufa13 Grim19 144 0.5387 Q9ERS2 NDUAD_MOUSE

Igf2r 2483 0.5370 Q07113 MPRI_MOUSE
Sgcg 291 0.5368 P82348 SGCG_MOUSE

Dhrs4 D14Ucla2 279 0.5359 Q99LB2 DHRS4_MOUSE
Mtco1 COI mt-Co1 514 0.5253 P00397 COX1_MOUSE

Usmg5 Dapit 58 0.4902 Q78IK2 USMG5_MOUSE
Phb 272 0.4897 P67778 PHB_MOUSE

Gm20708 155 0.4646 H3BKF4 H3BKF4_MOUSE
Mrpl17 176 0.4631 Q9D8P4 RM17_MOUSE

Mtnd1 mt-Nd1 Nd1 318 0.4601 P03888 NU1M_MOUSE
Eif3e Eif3s6 Int6 445 0.4585 P60229 EIF3E_MOUSE

Ppp3cb mCG_5935 515 0.4565 G3X8U7 G3X8U7_MOUSE
Ndufv1 455 0.4507 D3YUM1 D3YUM1_MOUSE

Slc25a4 Anc1 Ant1 298 0.4467 P48962 ADT1_MOUSE
Myadm 81 0.4328 A0A0N4SW94A0A0N4SW94_MOUSE
Mrps30 442 0.4219 Q9D0G0 RT30_MOUSE

Atp1b1 Atp4b 304 0.4212 P14094 AT1B1_MOUSE
Hmgb1 211 0.4198 A0A0J9YUZ4 A0A0J9YUZ4_MOUSE
Ndufa2 99 0.4195 Q9CQ75 NDUA2_MOUSE

Mvp 870 0.4119 E9Q3X0 E9Q3X0_MOUSE
Psmd12 436 0.4058 B1AT36 B1AT36_MOUSE
Mrpl22 206 0.4056 Q8BU88 RM22_MOUSE

Cycs 105 0.3948 P62897 CYC_MOUSE
Slc25a5 Ant2 298 0.3875 P51881 ADT2_MOUSE

Cpt1b 772 0.3824 Q924X2 CPT1B_MOUSE
F13a1 F13a 732 0.3770 Q8BH61 F13A_MOUSE

Slc25a13 Aralar2 676 0.3646 Q9QXX4 CMC2_MOUSE
Cox6b1 Cox6b 86 0.3642 P56391 CX6B1_MOUSE
Anxa11 Anx11 503 0.3617 P97384 ANX11_MOUSE

Sccpdh 429 0.3520 Q8R127 SCPDL_MOUSE
Mrpl15 295 0.3413 Q9CPR5 RM15_MOUSE
Atp5l 103 0.3407 Q9CPQ8 ATP5L_MOUSE



Abcc9 1533 0.3384 E9PUE8 E9PUE8_MOUSE
Cyb5r3 313 0.3301 F2Z456 F2Z456_MOUSE

Ube2n Blu 152 0.3224 P61089 UBE2N_MOUSE
Cox5a 146 0.3192 P12787 COX5A_MOUSE

Bcam Gplu Lu 622 0.3172 Q9R069 BCAM_MOUSE
Mtnd4 mt-Nd4 Nd4 459 0.3099 P03911 NU4M_MOUSE

Adipoq Acdc Acrp30 Apm1 247 0.3024 Q60994 ADIPO_MOUSE
Psmd3 P91a Tstap91a 530 0.2927 P14685 PSMD3_MOUSE

Sgcd 289 0.2869 P82347 SGCD_MOUSE
Rdh14 334 0.2849 Q9ERI6 RDH14_MOUSE

Tmem33 246 0.2800 A0A0R4J1Z3 A0A0R4J1Z3_MOUSE
Atp5j2 76 0.2716 F8WHP8 F8WHP8_MOUSE
Mrpl50 159 0.2703 Q8VDT9 RM50_MOUSE
Ndufb3 104 0.2699 Q9CQZ6 NDUB3_MOUSE
Mrpl18 180 0.2608 Q9CQL5 RM18_MOUSE
Ndufb7 137 0.2484 Q9CR61 NDUB7_MOUSE

Atp5i Atp5k Lfm-1 Lfm1 71 0.2455 Q06185 ATP5I_MOUSE
Acsl1 699 0.2452 D3Z041 D3Z041_MOUSE

Ndufs8 212 0.2424 Q8K3J1 NDUS8_MOUSE
Myom1 1569 0.2417 Z4YJF5 Z4YJF5_MOUSE

Rab1a Rab1 202 0.2384 Q5SW88 Q5SW88_MOUSE
Mrpl49 166 0.2329 Q9CQ40 RM49_MOUSE
Sptbn1 2092 0.2278 A0A0A0MQG2A0A0A0MQG2_MOUSE

Slc12a7 Kcc4 1083 0.2227 Q9WVL3 S12A7_MOUSE
Mrpl4 MNCb-3848 294 0.2163 Q9DCU6 RM04_MOUSE

Dhrs7c Sdr32c2 311 0.2072 Q8CHS7 DRS7C_MOUSE
Bves Pop1 Popdc1 358 0.2024 Q9ES83 POPD1_MOUSE

Ndufb4 129 0.2000 Q9CQC7 NDUB4_MOUSE
Psmd14 Pad1 310 0.1932 O35593 PSDE_MOUSE

Cav3 151 0.1895 P51637 CAV3_MOUSE
Ndufa12 mCG_11204 149 0.1892 A0A0R4J275 A0A0R4J275_MOUSE

Cyc1 325 0.1871 Q9D0M3 CY1_MOUSE
Mdh1 Mor2 334 0.1816 P14152 MDHC_MOUSE

Atp5f1 256 0.1784 Q9CQQ7 AT5F1_MOUSE
Atp1b3 278 0.1734 P97370 AT1B3_MOUSE

Slc25a11 314 0.1488 Q9CR62 M2OM_MOUSE
Gnai2 Gnai-2 355 0.1439 P08752 GNAI2_MOUSE
Fbn1 Fbn-1 2873 0.1406 Q61554 FBN1_MOUSE

Krt17 Krt1-17 433 0.1301 Q9QWL7 K1C17_MOUSE
Cd81 Tapa1 236 0.1167 P35762 CD81_MOUSE
Fitm2 Fit2 262 0.1163 P59266 FITM2_MOUSE

Dag1 Dag-1 893 0.1058 Q62165 DAG1_MOUSE
Ndufb10 176 0.1052 Q9DCS9 NDUBA_MOUSE
Myadml2 307 0.1043 Q08AU7 MADL2_MOUSE
Ndufb5 135 0.0946 F6Y6V5 F6Y6V5_MOUSE

Krt42 Ka22 452 0.0738 Q6IFX2 K1C42_MOUSE
Psmd8 353 0.0720 Q9CX56 PSMD8_MOUSE
Psmd1 953 0.0716 Q3TXS7 PSMD1_MOUSE
Wfs1 814 0.0627 Q3UN10 Q3UN10_MOUSE

Hsd17b11 Dhrs8 Pan1b 298 0.0531 Q9EQ06 DHB11_MOUSE



Ndufb8 186 0.0481 Q9D6J5 NDUB8_MOUSE
Mrpl41 135 0.0431 Q9CQN7 RM41_MOUSE
Col6a3 2677 0.0419 J3QQ16 J3QQ16_MOUSE
Col6a1 1025 0.0183 Q04857 CO6A1_MOUSE
Sdhc 169 0.0140 Q9CZB0 C560_MOUSE

Col6a2 1034 -0.0081 Q02788 CO6A2_MOUSE
Ndufv2 248 -0.0098 Q9D6J6 NDUV2_MOUSE
Cd36 472 -0.0130 Q08857 CD36_MOUSE

Ndufs6 Ip13 116 -0.0136 P52503 NDUS6_MOUSE
Cox4i1 Cox4 Cox4a 169 -0.0245 P19783 COX41_MOUSE

Cltc 1679 -0.0281 Q5SXR6 Q5SXR6_MOUSE
Atp2a1 994 -0.0410 Q8R429 AT2A1_MOUSE

Atp8a1 Atpc1 1164 -0.0426 P70704 AT8A1_MOUSE
NaN -0.0434 G3X9L6 G3X9L6_MOUSE

Slc2a4 Glut-4 Glut4 509 -0.0467 P14142 GTR4_MOUSE
Ankh Ank 492 -0.0545 Q9JHZ2 ANKH_MOUSE

Cyb5b Cyb5m 146 -0.0606 Q9CQX2 CYB5B_MOUSE
B2m 119 -0.0618 P01887 B2MG_MOUSE
Fn1 2361 -0.0711 Q3UHL6 Q3UHL6_MOUSE

Ndufa10 355 -0.0711 Q99LC3 NDUAA_MOUSE
M6pr 46mpr 278 -0.0736 P24668 MPRD_MOUSE

Cct4 509 -0.0754 G5E839 G5E839_MOUSE
Ndufs1 727 -0.0848 Q91VD9 NDUS1_MOUSE

Slc25a12 Aralar1 677 -0.0876 Q8BH59 CMC1_MOUSE
Rdx 389 -0.1033 Q7TSG6 Q7TSG6_MOUSE

Ndufb2 105 -0.1047 Q9CPU2 NDUB2_MOUSE
Tmem30a 328 -0.1140 D3YVV1 D3YVV1_MOUSE

Hkdc1 915 -0.1441 Q91W97 HKDC1_MOUSE
Msn 577 -0.1451 P26041 MOES_MOUSE

Ndufa8 172 -0.1506 Q9DCJ5 NDUA8_MOUSE
Yif1b 251 -0.1514 D3YY42 D3YY42_MOUSE

Ace Dcp1 1312 -0.1657 P09470 ACE_MOUSE
Ncstn 708 -0.1674 P57716 NICA_MOUSE

Tmem43 400 -0.1814 Q9DBS1 TMM43_MOUSE
Mrpl3 mCG_14748 304 -0.1932 D3Z456 D3Z456_MOUSE

Ndrg2 Kiaa1248 Ndr2 371 -0.2066 Q9QYG0 NDRG2_MOUSE
Ndufs5 91 -0.2105 B1ARW4 B1ARW4_MOUSE
Mrpl2 304 -0.2132 B1B1D8 B1B1D8_MOUSE
Acat1 424 -0.2287 Q8QZT1 THIL_MOUSE

Myom2 1463 -0.2288 Q14BI5 Q14BI5_MOUSE
Pxmp2 mCG_134215 193 -0.2389 Q5D073 Q5D073_MOUSE

Slc44a1 656 -0.2408 A2AMH5 A2AMH5_MOUSE
Selenbp2 134 -0.2467 G3UZT2 G3UZT2_MOUSE

Nt5c2 586 -0.2480 E9Q9M1 E9Q9M1_MOUSE
Gm11273 Cox5b mCG_17741 mCG_23026 129 -0.3013 Q9D881 Q9D881_MOUSE

Syngr1 234 -0.3132 O55100 SNG1_MOUSE
Anxa5 Anx5 319 -0.3230 P48036 ANXA5_MOUSE

Atp2a2 1044 -0.3400 O55143-2 AT2A2_MOUSE
Myh7 1935 -0.3455 Q91Z83 MYH7_MOUSE

Slc12a4 1087 -0.3455 F8WIJ0 F8WIJ0_MOUSE



Gnb1 273 -0.3519 H3BKR2 H3BKR2_MOUSE
Actg1 Actg 375 -0.3531 P63260 ACTG_MOUSE

Mtatp8 Atp8 mt-Atp8 67 -0.3594 P03930 ATP8_MOUSE
Lamp2 Lamp-2 415 -0.3640 P17047 LAMP2_MOUSE

Uqcrc1 480 -0.3713 Q9CZ13 QCR1_MOUSE
Mrpl37 423 -0.3745 Q921S7 RM37_MOUSE
Smpd2 419 -0.3746 O70572 NSMA_MOUSE
Anxa6 667 -0.3814 F8WIT2 F8WIT2_MOUSE

Rap1a mCG_10748 118 -0.3847 A0A0G2JDL9 A0A0G2JDL9_MOUSE
Cavin4 Murc 362 -0.3998 A2AMM0 CAVN4_MOUSE

Tmx1 124 -0.4453 F6V084 F6V084_MOUSE
Cisd2 Cdgsh2 Noxp70 Zcd2 135 -0.4520 Q9CQB5 CISD2_MOUSE

Rpl19 194 -0.4779 A2A547 A2A547_MOUSE
Bsg 197 -0.4949 J3QP71 J3QP71_MOUSE

Cds2 194 -0.5383 F6S4G2 F6S4G2_MOUSE
Sspn mCG_15024 216 -0.5386 Q3TRE0 Q3TRE0_MOUSE

Lpgat1 409 -0.5590 E9QL80 E9QL80_MOUSE
Anxa2 176 -0.5837 B0V2N8 B0V2N8_MOUSE

Lpcat3 Grcc3f Mboat5 Oact5 487 -0.6015 Q91V01 MBOA5_MOUSE
Ap2m1 mCG_128452 433 -0.6270 Q3TWV4 Q3TWV4_MOUSE

Mrpl27 148 -0.6336 Q99N92 RM27_MOUSE
Uqcrq 82 -0.7405 Q9CQ69 QCR8_MOUSE
Rps21 83 -0.8363 Q9CQR2 RS21_MOUSE

Slc29a1 358 -0.8484 E9PXM6 E9PXM6_MOUSE
Cdipt 185 -0.9632 A0A0U1RP13A0A0U1RP13_MOUSE

Tmem14c 114 -1.1246 Q9CQN6 TM14C_MOUSE
Glg1 1163 -1.2077 F8WHM5 F8WHM5_MOUSE

Cpne3 Kiaa0636 533 -1.2567 Q8BT60 CPNE3_MOUSE
Tmem205 173 -1.3642 A0A1L1SSA8 A0A1L1SSA8_MOUSE



Supplementary Data 2

ExoCarta TOP proteins
Gene Symbol
ACTG1
AHCY
ALB
ALDOA
ANXA11
ANXA2
ANXA4
ANXA5
ANXA6
ATP1A1
BSG
CCT2
CCT3
CD81
CLTC
ENO1
GNAI2
GNB1
GNB2
HSP90AB1
HSPA5
HSPA8
ITGB1
LAMP2
LDHA
LDHB
MSN
MVP
MYH9
PGK1
PKM
PRDX1
PRDX2
PTGFRN
RAB1A
RAC1
SLC16A1
STOM
TCP1
TFRC
TPI1
TUBA1C
VCP
YWHAE
YWHAZ
YWHAG
A2M



TUBA1B
RAC1
LGALS3BP
HSPA1A
GNAI2
ANXA1
RHOA
MFGE8
PRDX2
GDI2
EHD4
ACTN4
YWHAB
RAB7A
LDHB
GNAS
RAB5C
ARF1
ANXA6
ANXA11
ACTG1
KPNB1
EZR
ANXA4
ACLY
TUBA1C
TFRC
RAB14
HIST2H4A
GNB1
THBS1
RAN
RAB5A
PTGFRN
CCT5
CCT3
AHCY
UBA1
RAB5B
RAB1A
LAMP2
ITGA6
HIST1H4B
BSG
YWHAH
TUBA1A
TKT
TCP1
STOM
SLC16A1



RAB8A
MYH9
MVP



Supplementary Data 3

Name Manufacturer Species Dilution

anti-CRYAB abcam mouse
1:1000 (WB)/

1:100 IF

anti-GAPDH Proteintech mouse 1:50000 (WB)

anti-CD81 abcam rabbit 1:1000 (WB)

anti-TSG101 abcam rabbit 1:1000 (WB)

anti-GM130 abcam rabbit 1:1000 (WB)

anti-KI67 abcam rabbit 1:200 (IF)

Anti-LAMP1 Sigma Aldrich rabbit 1:200 (IF)

Anti-CTNNB1 BD Transduction mouse 1:200 (IF)

Anti-TUBA1B Proteintech mouse 1:200 (IF)

Anti-GAPDH
Cell signaling

technology
mouse 1:1000 (WB)

Anti-Calnexin abcam rabbit 1:1000 (WB)

Anti-Vinculin
Cell signaling

technology
rabbit 1:1000 (WB)

Anti-Ubiquitin (P4D1)

Cell signaling

technology mouse 1:1000

Phospho-β-Catenin

(Ser675)

Cell signaling

technology

rabbit 1:200

(IF)/1:1000 (WB)

Non-phospho (Active) β-

Catenin

(Ser33/37/Thr41)

Antibody

Cell signaling

technology
rabbit 1:1000 (WB)

Anti-rabbit IgG, HRP-

linked Antibody

Cell signaling

technology
rabbit 1:10000 (WB)

Anti-mouse IgG, HRP-

linked Antibody

Cell signaling

technology
mouse 1:10000 (WB)

Antibody list



fi

fi



β
β





β
β
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