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Supplementary Text 

Extended methods 

Conventional echocardiography and Doppler imaging 
Transthoracic echocardiography was performed using a VisualSonics Vevo 2100 system equipped 
with MS400 transducer (FUJIFILM VisualSonics, Canada). Anaesthesia was induced by 5% 
isoflurane and confirmed by lack of response to firm pressure on one of the hind paws. During the 
ultrasound acquisition—under body-temperature-controlled conditions—isoflurane was reduced 
to 1.0–1.5% and adjusted to maintain a heart rate in the range between 460 – 500 beats per min. 
LVEF and other indices of systolic function were obtained from short-axis B-mode scans at the 
midventricular level, as described (129). The areas boarded by the endocardium were 
planimetrically measured on all four SAX images at end diastole and end systole, and from this a 
modified Bullet formula was used to derive left ventricular ejection fraction (LVEF) (left 
ventricular volume [LVvol] = length [L] x mean endocardial area x 5/6). All parameters were 
measured at least three times, and means are presented.  

Speckle-tracking echocardiography and strain analysis B-mode traces acquired from the 
parasternal long-axis view were used to calculate global strain in longitudinal dimensions using 
Vevo Strain software (FUJIFILM VisualSonics, Canada) and a speckle-tracking algorithm, as 
described (78).  

Tail-cuff blood pressure recordings 
Systolic blood pressure was measured noninvasively in conscious mice using the tail-cuff method 
and a CODA instrument (Kent Scientific, CT, USA). Mice were placed in individual holders on a 
temperature-controlled platform (37°C) and recordings were performed under steady-state 
conditions. Before testing, all mice were trained to become accustomed to short term restraint for 
a week prior. Blood pressure was recorded for at least four consecutive days and readings were 
averaged from ten measurements per session. 

Histology, immunofluorescence staining and confocal microscopy  
All samples were processed in parallel under identical conditions for comparisons. Most 
procedures were performed as described (8), except for skin and healthy ventricle tissue sections 
in which modifications were incorporated (see Supplementary Materials). Briefly, tissue samples 
were fixed in 4% PFA, rinsed in PBS, and immersed in PBS containing 30% sucrose at 4°C before 
being embedded in optimal cutting temperature compound (OCT) for cryosectioning. Sections 
were incubated in blocking buffer for 1 hour and then were incubated in primary antibodies diluted 
in blocking buffer overnight at 4°C followed by wash and incubation in appropriate fluorophore-
conjugated secondary antibodies diluted in blocking buffer for 1 hour at room temperature. 
Sections were then washed and mounted in a mounting medium containing DAPI. IF images were 
captured using LSM900 Inverted confocal laser scanning microscope. For Picrosirius red staining, 
measurement of cardiomyocyte size and vessel density analysis, hearts were embedded in paraffin 
and later deparaffinized using standard protocols, and images were acquired using Olympus 
VS120 Slide Scanner. Primary antibodies and dilutions: PDGFRa (R&DSystems, USA; 
#AF1062, 1:100), DPPIV/CD26 (R&DSystems, USA; #AF954, 1:100), a-SMA (Sigma Aldrich, 
USA; #A5228, 1:400), a-SMA-Cy3 (Sigma-Aldrich, USA; #C6198, 1:250), Cardiac Troponin T-



Alexa Fluor 647 (BD Biosciences Pharmingen, USA; #565744, 1:100), Wheat Germ Agglutinin 
(WGA)-Alexa Fluor 647 (ThermoFisher, USA; #W32466, 1:100) and Isolectin B4 (IB4)-Alexa 
Fluor 488 (ThermoFisher, USA; #I21411, 1:100). All secondary antibody dilutions were 1:500. 

Skin and mid-ventricle histology and staining 
For isolating flank skin and ventricle mid-sections, 4-month-old adult male PdgfraeGFP/+ knock-in 
mice were anaesthetised by intraperitoneal injection of ketamine (100 mg/kg) and xylazine (20 
mg/kg) and perfused via left ventricular cardiac puncture with 30 mL of PBS1X at a flow rate of 
3 mL/min (Legato 100 Syringe Pump, Becton Dickinson Plasti-plak 50ml, & Nipro 25G catheter 
needle). The mice were again perfused with 30 mL of 4% PFA and collected hearts and shaved 
flank skin samples were fixed with 4% PFA (4% PFA in PBS, pH 7.4) for 3-hours at room 
temperature. Fixed tissues were washed briefly in PBS1x (three times, 5 min each wash) and then 
dehydrated with 30% sucrose solution over-night at room temperature. Hearts were cut at the axial 
midline and these halves were embedded side-by-side in Tissue-Tek Optimal Cutting Temperature 
mounting medium (O.C.T., Tissue-Tek, Sakura) and stored at -80°C. Heart sections were cut in 
the axial orientation on a Leica CM1950 clinical cryostat (Leica Biosystems) at 7-µm thickness 
and collected onto Trajan Series 2 Adhesive slides (Trajan Scientific & Medical). Flank skin 
samples was embedded and cut in the same manner, at transverse orientation with nitrocellulose 
membrane acting as a structural support. For indirect immunofluorescence staining, tissue sections 
were permeabilized in 1× saponin-based permeabilization and wash buffer (0.2% (w/v) saponin 
containing 4% (v/v) FBS (v/v), 1% (w/v) BSA and 0.02% (v/v) Sodium Azide in PBS) for 15 min. 
Tissues were then stained over-night at 4°C in 1× saponin-based permeabilization and wash buffer 
using anti-Mouse DPPIV/CD26 Antibody (DPP4 polyclonal goat IgG, cat. no. AF954, 1:100 
dilution), alpha-smooth muscle actin (α-SMA)-Cy3 (1:250 dilution, clone 1A4, Cat. No. C6198, 
Sigma-Aldrich), and Alexa Fluor® 647 Mouse Anti-Cardiac Troponin T (BD Pharmingen, cat. 
no. 565744, AB_2739341, Clone 13-11, 1:100 dilution). Following brief washing in PBS1x (3X 
5 min washes), DPP4 stained sections were counterstained with suitable species-specific 
secondary antibody coupled to Alexa Fluor dye (1:500, Donkey anti-Goat IgG (H+L) Cross-
Adsorbed Secondary Antibody, Alexa Fluor 633) diluted in 1× saponin-based permeabilization 
and wash buffer for 2-hours at room temperature. Sections were washed again in 1X PBS (3X 5 
min washes), and stained with Vybrant™ DyeCycle™ Violet (ThermoFisher, Cat# V35003) at 
1µM for 10 minutes in 1× saponin-based permeabilization and wash buffer, washed once with 
PBS1x and mounted under coverslip (Menzel-Gläser, 22x22 mm, #0). Dako fluorescent mounting 
medium (Agilent, Cat# S3023) was applied to the slides prior mounting and imaging. The 
endogenous fluorescence of eGFP was detected. 

Confocal laser-scanning microscopy and image processing 
z-stack high-resolution confocal microscopy of stained sections was performed using a LSM900
Inverted confocal laser scanning microscope that comprises an upright Zeiss Axio Observer 7, four
laser lines, two Gallium Arsenide Phosphide photomultiplier tubes (GaAsP-PMT), and a
motorised stage. Confocal tiling scan was employed using a ×10 objective, 0.45 numerical aperture
512 μm × 512 μm, WD 2.0, Plan-APO UV-VIS–NIR, and PBS immersion. For DPP4 z-stack
imaging, we used a ×63 objective, 1.4 numerical aperture with a z-step size of 1 μm, 2,048 μm ×
2,048 μm, WD 0.19, Plan-APO DIC-UV-VIS-IR, and oil immersion (Immersol 518 F, Refractive
Index: 1.518, Zeiss). Whenever comparisons were made, the settings for confocal scanner
detection and laser excitation were kept identical between samples. Z-stacks were processed using



Fiji software (ImageJ2, V2.14.0/1.54f), and finally, distinct LUTs were applied to each image to 
improve the visibility of the different channels. 

Cardiomyocyte size and vessel density analysis 
To analyse cardiomyocyte size (as a surrogate measure of hypertrophy) and vessel density, 
ventricle sections stained with WGA and IB4 were imaged at 40x objective magnification and 
analysed as previously described (130). Pre-processing was carried out using ImageJ followed by 
analysis of cardiomyocyte size and vessel density on CellProfiler (v4.2.4). Cardiomyocyte size 
was normalised to the normal chow control group whilst vessel density was calculated as number 
of vessels per cardiomyocyte and normalised to the normal chow control group. 

Measurement of lung weight 
Ratio of wet to dry lung weight was estimated as described previously (78). 

Volcano plot and GO term analysis 
For proteomics, volcano plots were generated using the RStudio package EnhancedVolcano. Data 
generated during differential expression analysis of proteins in HFpEF vs Chow mice was plotted 
using cut offs of 0.5 for fold change and 0.05 for adjusted p-value. Downregulated and upregulated 
proteins were then run separately through the Database for Annotation, Visualisation, and 
Integrated Discovery (DAVID, david.ncifcrf.gov), using the preselected databases for pathway 
analysis. Both up and downregulated pathways were visualised together using RStudio package 
ggplot2, with the number of DE genes present in that pathway represented by circle size, with 
adjusted p-value (Benjamini<0.05) represented by a spectrum colour range. 

Cell Isolation 
Total interstitial cell population (TIP) were isolated as previously described (8). Briefly, hearts 
were minced and incubated in collagenase type II (Worthington) at 37oC before filtering through 
40 mm strainers. Cells were resuspended in red cell lysis buffer, followed by dead cell removal, 
immunostaining for 15min on ice with indicated fluorophore-conjugated antibodies and two times 
wash with fluorescence-activated cell sorting (FACS) buffer (2% FBS, 2mM EDTA in PBS, pH 
7.4) before the acquisition.  

Flow Cytometry 
FSC-H versus FSC-A, FSC-H versus FSC-W and SSC-H versus SSC-W cytograms were used to 
discriminate and gate out doublets/cell aggregates during sorting or analysis. DAPI was used to 
distinguish live (DAPI-) and dead (DAPI+) cells. For most samples, at least 10,000 final gate 
events were collected and stored. Flow cytometry experiments were performed on a Canto II (BD 
Biosciences, USA), using FACSDiva software (BD Biosciences, USA). Lineage negative (CD31-

/CD45-) Pdgfra-eGFP+ CF flow cytometry was performed using a BD FACSymphony A5. FACS 
analysis was performed using FlowJo software (version 10.8.1, BD). For details of DPP4, SCA-1, 
CD90.2 and CD55 staining in live CD31-/CD45- Pdgfra-eGFP+ CF, flow cytometry events, and 
further gating, see Supplementary Material. Antibodies and dilutions: Fc Block (CD16/32) 
(BioLegend, USA; #101301, 1:400), Ly-6A/E (SCA-1)-APC/Cy7 (BD Biosciences Pharmingen, 
USA; # 560654, 1:400), CD90.2 (Thy1.2)-APC/Cy7, (BioLegend, USA; # 105327, 1:200), CD26 
(DPP4)-APC (BioLegend, USA; # 137807, 1:100), CD55-PE REAfinity (Miltenyi Biotech, USA; 
# 130-104-055, 1:40), BD OptiBuild™ BUV395 Rat Anti-Mouse CD31 (BD Biosciences 



Pharmingen, USA; Clone 390, 1:400), CD45-BV786 (BD Biosciences Pharmingen, USA; # 
564225, Clone 30-F11, 1:400), CD45-APC/Cy7 (BD Biosciences Pharmingen, USA; # 557659, 
1:400). 

Heart ventricle cell isolation and high-speed flow cytometry of live Pdgfra-eGFP+ CF 
Two-step digestion of heart tissue for cellular isolation was performed as described before with 
few modifications (131). Hearts of 4-month-old adult male PdgfraeGFP/+ knock-in mice were 
carefully dissected, washed in ice-cold DMEM, ventricles were further separated transversally, 
and cut into small pieces with blades until a homogeneous, paste-like slurry was formed. Seven 
ml of digestion solution containing collagenase type II (265 Unit/mL, Worthington, DC, United 
States), 0.5 U of Dispase (Cat. No. 07913, STEMCELL Technologies, Canada), 0.05 mg/mL of 
DNaseI (Cat. No. 10104159001, Roche/Sigma-Aldrich, 100 mg from bovine), and 1% BSA 
(Sigma-Aldrich Pty Ltd., A3311-50G) dissolved in DMEM (Cat. No. 10566016) was added and 
the preparation was placed on a water bath with constant rotation at 37°C for 40 min. After 20 min 
of incubation, 10 mL of FACS buffer was added to the ventricle preparations and the homogenate 
was gently pipetted up and down 10 times to enhance dissociation with a 10 mL serological 
Stripette® on ice. Ice-cold FACS buffer was added to make the final volume up to 20 mL volume 
and the supernatant was then passed sequentially through 100 μm and 70 µm cell strainers. The 
remaining non-digested pellet was incubated with additional 4 mL of digestion buffer (detailed 
above) for another 20 min in a water bath. The first filtered preparation was centrifuged at 600 g 
for 6 min at 4°C, and the flicked pellet was resuspended in 5 mL of ACK lysing buffer (i.e., red 
blood cell lysis buffer in w/v) (potassium carbonate 0.01%, ammonium chloride 0.083%, and 
EDTA 0.0004% in H2Od at pH 7.4) and further incubated for 3 min. Then, 20 mL of FACS buffer 
was added to stop the lysis and cell pelleting was carried out as described before. After flicking, 5 
mL of FACS was added to the cell and kept on ice. After further digestion of the remaining non-
digested pellet, the cells were collected as described above for the first dissociation step. At the 
end of the process, the two dissociated cell mixtures were pooled together in 10 mL of FACS 
buffer, which was further divided into 1.5 mL tubes, cells pelleted at 600 g for 5 min at 4°C and 
flow cytometry staining was carried out in 400 µL of FACS buffer, after the mixture was incubated 
with Fc block antibody for 15 min on ice. 

Each sample was ran using a BD FACSymphony A5 high-speed cell analyser, with 2 million total 
events captured, and at least thousand Pdgfra-eGFP+ CF being analysed. Flow cytometry 
measurements were run at a mid-flow rate, and the core stream allowed to stabilize for 5 s prior 
acquisition. Flow cytometry of resting and live lineage-negative (CD31-/CD45-) Pdgfra-eGFP+ 
ventricular CF was performed after staining with specific antibodies detailed in the main text, and 
DAPI negative cells were selected and gated for eGFP fluorescence. Unstained and isotype 
controls were used in each combination for DPP4-APC, SCA-1-APC/Cy7, CD90.2-APC/Cy7, and 
CD55-PE. Fluorescence data was collected and further compensated using FacsDIVA 8 software. 
Fluorescence data was analysed after biexponential transformation in FlowJo Portal (version 
10.8.1, Becton Dickinson & Company (BD)) using Mac OS X operating system. 

Cell/nuclear isolation and sequencing - HFpEF model 
For the HFpEF model, we adapted a protocol for simultaneous isolation of CM nuclei and non-
myocyte cells, as previously described (63). TIP cells were isolated as above. For CM nuclei 
extraction, strainers were washed with FACS buffer to collect cardiomyocyte in a 50-ml Falcon 



tube. After 2 rounds of centrifugation (500g x 5 min), CM nuclei were isolated by swelling CMs 
in a hypotonic solution (91 mM NaCl, 5.3 mM KCl, 0.5 mM MgCl2, 0.293 mM CaCl2, 10 mM 
glucose, 10 mM HEPES at pH 7.4 and 0.05% Triton-X-100 supplemented with 40 U/µl RNasin® 
Ribonuclease Inhibitor (Promega Corporation, WI, USA) before triturating cells using a 30-gauge 
hypodermic needle to mechanically fragment cells. Nuclei were then isolated by filtration through 
a 40 µm cell strainer to exclude large debris. Finally, nuclei suspension was centrifuged at (500g 
x 5 min) before staining with DAPI, followed by FACS for isolation of nuclei. TIP cells and CM 
nuclei were FACS-isolated and subsequently pooled at specific proportions (50% TIP (without 
CD31+ cells), 20% CD31+ cells and 30% CM nuclei). Isolation of single cells was performed in 
two batches on separate days, with samples from each treatment group split across days to mitigate 
batch effects. Cells/nuclei from 2 mice were pooled together after FACS isolation and considered 
as one replicate and 2 replicates per condition were run for sequencing.  

FACS was used to isolate CM nuclei from each heart and enumerated using a hemocytometer for 
single cell RNA sequencing workflows using a 10x Genomics platform. Approximately 6000 total 
nuclei (per condition) were loaded into each channel and captured on the 10x Genomics Chromium 
Controller using the Chromium Single Cell 3’ v3.1 reagent kit. Following capture and reverse 
transcription, cDNA was synthesized and amplified, then final Illumina compatible sequencing 
libraries generated. Libraries were sequenced to an approximate depth of 30,000 reads per cell on 
an Illumina S4 flow cell, using the Illumina NovaSeq 6000 Sequencer. Isolation of single cells 
was performed in two batches on separate days, with samples from each treatment group split 
across days to mitigate batch effects. 

Analysis of human spatial transcriptomic data - fibroblast clustering 
First, we took the integrated mouse CF data and removed types F-WntX, IR, and F-IFNS. To relate 
the mouse and human genes, we used the orthogene package (version 1.6.1) to convert mouse 
genes into human homologues. We used the findMarkers function in the scran package (version 
1.28.2) to identify genes that were significantly associated with each type with FDR-adjusted P-
value < 0.05 and log fold-change > 0.25. Then, we downloaded the Kuppe and colleagues’ snRNA-
seq and Visium data (21), in the form of gene expression log-count matrices, from the publication's 
data availability URL. The Visium data had already been filtered to remove spots with no or low 
gene expression. For the Visium data we also extracted the spatial location information for each 
of the Visium resolved spots. For the snRNA-seq data, we restricted to cells that were annotated 
as Fibroblast, and kept only genes that were detected in at least 1% of cells. We selected 500 top 
highly variable genes and used these to perform multi-batch principal component analysis using 
the batchelor package (version 1.16.0), followed by batch correction according to the sequencing 
samples using the reduced mutual nearest neighbour approach in the batchelor package. We then 
performed unbiased clustering of these cells using the clusterRows function in the bluster package 
(version 1.10.0) using the two-step param approach, where the first step was K-means clustering 
with 500 centres, followed by louvain graph-based clustering over the 500 centres. We then 
performed k-nearest neighbour-based smoothing of the cluster labels with k=100 nearest 
neighbours. For visualisation, we performed further dimensionality reduction using UMAP via the 
runUMAP function in scater (version 1.28.0). We used the same strategy as the mouse data to 
identify genes significantly associated with each human fibroblast cluster. We used the topGO 
function in the limma package (version 3.56.2) to assess the significance of enrichment of gene 
ontology terms for each of the human fibroblast clusters. To assess the concordance of marker 



genes among each mouse and human cluster, we calculated the Jaccard index of the identified 
genes for each pair of clusters and visualised this in a heatmap. 

Analysis of human spatial transcriptomic data - MYO and MFC scores 
We performed a differential expression analysis comparing the human fibroblast cluster H1 and 
H6 using the findMarkers function in the scran package, using genes that were detected in at least 
20% of cells within H1 and H6. We had observed that several genes that were positive markers for 
cluster H1 were also markers of cardiomyocytes, thus, we performed an additional differential 
expression analysis between the cluster H1 and the snRNA-seq resolved cells that were annotated 
as Cardiomyocytes. To extract a MYO-specific score, we assigned a weighting to each gene 
corresponding to the log fold-change of cluster H1 compared to cluster H6 and reassigned the 
weighting to zero for genes with a log fold-change below 0.1 as well as for genes with a positive 
log fold-change for Cardiomyocyte cells versus cluster H1. To extract a MFC-specific score, we 
performed a similar weighting scheme with a log fold-change threshold of 0.5 and no further 
reassignment with Cardiomyocytes. To extract a score for each gene expression profile, we 
performed elementwise multiplication of each gene's expression with the weighting for the MYO 
and MFC identities respectively, both for the snRNA-seq resolved cells and for the Visium-
resolved spots. We checked the MYO and MFC scores were highest among Fibroblasts by 
generating boxplots for all cell types within the snRNA-seq data. We visualised the MYO and 
MFC scores in the Visium data using bivariate colour plots for spots that were annotated as 
Fibroblast in the original publication. Finally, we calculated total MYO and MFC scores for each 
patient Visium sample by calculating the sum of each MYO and MFC score among Fibroblast 
spots and divided by the total number of spots identified. 



Fig. S1. Clustering and cell type assignments for the MI datasets included in the integration 
analysis. (A-F) Fibroblast sub-types were assigned based on marker genes in accordance with 
foundational scRNA-seq publications (see Table 1). (A) sham and MI-day 3. (B) sham and MI-
day 7 data from Farbehi and colleagues utilising the cluster identifications from the original 
publication. (C) re-clustering analysis of uninjured and MI-days 1-28 data from and colleagues. 
(D) Sham and MI-day 3 data from Janbandhu and colleagues using the population identities from
the original publication. Note this was derived using a label transfer analysis from (A). (E, F)
Clustering of MI-day 14 (E) and MI-day 30 data (F) from Ruiz-Villalba and colleagues.
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Fig. S2. Integration of fibroblasts across MI timepoints and datasets. (A) UMAP plot based 
on cFIT integration with cells coloured according to their dataset-specific cluster assignments. 
Shown is an aggregate of CFs across conditions or according to injury timepoint. (B-D) UMAP 
plots based on alternative integration approaches, (B) Seurat, (C) Harmony and (D) RISC. In all 
cases, the top 4000 variable genes were used as for the cFIT integration analysis, and the first 50 
PCs. (E-H) Nearest neighbour analysis among the cell clusters for the indicated integration 
method. For each cluster (by column), the average percentage of nearest 200 neighbours among 
all clusters was determined. (I) Percentage of cells following cFIT integration in each population 
according to experimental condition. 





Fig. S3. Analysis of IR and F-CI cell populations. (A) Sierra plot of relative shifts in 3’UTR 
length between IR at MI-day 1 and F-SH from healthy hearts. (B) UMAP plot split according to 
successive pairs of MI time points in comparison to the combined healthy control, with Monocle 
trajectories overlaid on UMAP coordinates. (C,D) Top 20 GO Biological Process terms for DE 
genes upregulated (MAST testing; padj < 1´10-05; log2 fold change > 0.5) in (C) IR compared to 
F-CI, F-Act and F-Cyc combined at MI-days 1 & 3 or (D) F-CI compared to IR, F-Act and F-Cyc
combined at MI-days 1 & 3. (E) Gene expression across all fibroblasts by timepoint for
representative genes from the programmed cell death GO term over-represented in genes
upregulated in IR. (F) Gene expression across all fibroblasts by timepoint for representative genes
from the tissue development GO term over-represented in genes upregulated in F-CI. (G) UMAP
according to experimental condition of IR cells as identified by initial clustering of the Forte and
colleagues’ data (10), with updated cell labels following the kNN analysis incorporating all MI
datasets.



Fig. S4. Analysis of MI expression dynamics. (A) Expression of select fibroblast activation or 
myofibroblast markers across fibroblast sub-types at the indicated MI timepoint or uninjured 
control. (B) Expression of select fibroblast activation and myofibroblast markers in an aggregate 
of healthy and MI cells. 





Fig. S5. Predicted TF regulators for MI-days 1-3. Top ten predicted TFs for each indicated 
population for MI-days 1-3 cells. Shown are the average weighted mean decoupleR scores across 
the cells for each population.  





Fig. S6. Predicted TF regulators for MI-days 7-30. Top ten predicted TFs for each indicated 
population for MI-days 7-30 cells. Shown are the average weighted mean decoupleR scores across 
the cells for each population.  





Fig. S7. Cross-disease integration of fibroblast datasets. (A) Prediction accuracy metrics for 
predicting fibroblast cell types from the integrated MI dataset using a Random Forest (RF) 
classifier. Evaluations are based on 10-fold cross-validation. (B) UMAP of cross-disease datasets 
and timepoints according to condition. Fibroblast cell types in the non-MI conditions predicted 
using the RF classifier. (C) Proportion of fibroblast cell types according to experimental condition 
and timepoint (D-F) Seurat label transfer analysis from the integrated MI dataset to cross-disease 
datasets (D) AngII, (E) TAC and (F) IRI. 





Fig. S8. Cilp and Thbs4 expression in different CF subpopulations. (A) Box plots showing 
expression in F-Act, MYO and MFC. (B,C) UMAPs showing expression across an aggregate MI 
time course (including healthy hearts; left panels) alongside those for individual conditions. 



Fig. S9. Documentation of fibrosis in AngII model. Representative images of heart sections at 
indicated timepoints after AngII treatment showing collagen staining using Picrosirius red (n=3). 
Top panels – interstitial foci; bottom panels – perivascular foci. Scale bar, 100 µm. 



Fig. S10. Differential gene and transcript use in MFC. (A-B) Top 20 GO Biological Process 
terms for either (A) differentially expressed (DE) genes or (B) differential transcript use (DTU) 
genes comparing MFC from the indicated disease state/timepoint to F-SH from healthy hearts. 



Fig. S11. Analysis of F-Act differential transcript use and gene expression across MI 
timepoints and disease conditions. (A) Read coverage plot for the Rhoa gene, with differential 
peaks indicated and comparing F-Act coverage from TAC to F-SH expression from the relevant 
control heart. (B) Representative GO terms comparing F-Act across conditions to F-SH cells from 
the relevant healthy heart data. (C,D) Comparison of Log2 fold change differences in gene 
expression comparing F-Act to F-SH from healthy hearts for (C) F-Act at MI-day 3 vs MI-day 1 
or (D) F-Act at MI-day 7 vs MI-day 1. (E) Comparison of Log2 fold change differences in gene 
expression comparing F-Act (at MI-day 1) to F-SH against IR vs F-SH. 
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Fig. S12. Validation and scRNA-seq analysis of HFpEF mice model. (A) Schematic of the 
experimental design. (B) Systolic (Sbp) and Diastolic blood pressure (Dbp) of experimental groups 
after fifteen weeks of treatment (n=14 normal chow; n=11 HFD + L-NAME). (C) Percent left 
ventricular ejection fraction. (D) Ratio of mitral valve E wave to e’ wave (E/e’). (E) LV global 
longitudinal strain (GLS) (B-D n=14 normal chow; n=13 HFD+ L-NAME). (F) Ratio of wet to 
dry lung weight (LW) (n=6 normal chow; n=8 HFD +L-NAME). (G) Quantification of IF staining 
shown in Figure S13A for cardiomyocyte area. Values are normalized to normal chow-mice (n=7). 
(H) Quantification of IF staining shown in Figure S13A for number of capillaries. Values are
normalized to normal chow-mice (n=7). (I) Aggregate UMAP showing identified cell types from
clustering. (J) UMAP according to condition. *p < 0.05, **p < 0.01, and ***p < 0.001.





Fig. S13. Vascular density, proteomics and fibrosis analysis in the murine HFpEF model. (A) 
Representative IF images of wheat germ agglutinin (WGA) and isolectin B4 (IB4)-stained heart 
sections from HFD+L-NAME and normal chow mice. Scale bar, 100 µm. (B) Volcano plot 
illustrating the distribution of all proteins identified with Tandem Mass Tagged (TMT) discovery 
proteomics on HFD+L-NAME vs normal chow hearts. (C) Gene Ontology (GO) term analysis on 
significantly upregulated and downregulated proteins in HFD+L-NAME vs normal chow hearts. 
(D) Representative images of heart sections showing Picrosirius red and fast green staining.
Quantification is shown on the left (n=7). Scale bar, 100 µm. (E) Counts of the number of
differentially expressed genes (DESeq2; adj. p < 0.05 and Log2 fold-change > 0.5) between HFpEF
and normal chow-fed mice at 10 weeks or 15 weeks of HFD + L-NAME. (F) Expression of select
differentially expressed genes. Shown are Log2 normalised pseudo bulk counts for the biological
replicates (n = 2 per condition).





Fig. S14. Comparison of mouse with human fibroblast states. (A) Overlap of marker genes for 
each of the fibroblast clusters from healthy human hearts (70) compared to the fibroblast cell types 
defined in mouse. Indicated are adjusted p-values from Fisher’s exact tests. (B) Example marker 
genes from key mouse fibroblast cell types as visualised in human (top) or mouse (bottom cells in 
healthy hearts. (C) 24 µm Z-stack high-resolution confocal images showing staining for DPP4 in 
the reticular dermis and hair follicle niche of adult PdgfraeGFP/+ knock-in mice. DP: dermal papilla 
(n=2). Scale bar, 20 µm. (D) Outline of ventricle isolation, tissue dissociation, antibody staining 
and later flow cytometry from male PdgfraeGFP/+ knock-in mice. (E) Representative flow cytometry 
and gating strategy of viable eGFP+ cardiac fibroblasts obtained from ventricles of male 
PdgfraeGFP/+ knock-in mice. Debris was removed by size and doublets were excluded. Live cells 
were selected by the absence of DAPI staining (n=3). 



Fig. S15. Analysis of human CF subpopulation in COVID-19 infected versus control hearts. 
(A) Analysis of percentage of cells from uninfected or COVID-19 infected individuals predicted
to correspond to the indicated human fibroblast cell type identified from healthy hearts in Sim and
colleagues. (70). Shown are the percentage of cells per individual. (B) Counts of up- and
downregulated DE genes between COVID and healthy cardiac fibroblasts. (C,D) Representative
GO BP terms over-represented among (C) genes upregulated with COVID infection and (D) genes
downregulated with COVID infection.





Fig. S16. Comparison of fibroblast states in diseased mouse and human hearts. (A) Overlap 
of marker genes (MAST testing; padj < 1´10-05; log2-fold change > 0.5) from the cardiac fibroblast 
clusters identified in healthy human hearts from Sim and colleagues (3) with fibroblast clusters 
from aortic stenosis (AS) hearts (22). Indicated are adjusted p-values from Fisher’s exact tests. (B) 
As for (A) but comparing marker genes from murine cardiac fibroblasts from AngII or TAC hearts 
to human cardiac fibroblasts from AS hearts. (C) Expression of select MYO/MFC markers in (top) 
diseased human cardiac fibroblasts or (bottom) mouse fibroblasts from hearts of AngII or TAC 
affected animals. (D) Expression of select markers for MFC or F-WntX in (top) healthy human 
hearts or (bottom) uninjured mouse hearts. (E) Top 20 GO Biological Process terms over-
represented in marker genes for each of the four AS human cardiac fibroblast clusters. 





Fig. S17. Analysis of cardiac fibroblasts from human MI hearts. (A) Heatmap of gene 
expression of human MI fibroblast populations split by unbiased clusters. (B) UMAP of snRNA-
seq-resolved human MI fibroblast populations coloured by unbiased clusters. (C) UMAP as in 
panel A displaying gene expression for selected marker genes for H2. (D) As in panel B for 
selected marker genes for H1. (E) As in panel B for selected marker genes for H6. (F) Barplot 
displaying -log(P-value) for the top significantly enriched gene ontology terms associated with 
cluster H1. (G) As in panel E for cluster H6. (H) Volcano plot displaying log fold change of cluster 
H1 versus H6 against -log(FDR adjusted P-value). Top genes are labelled on both sides. (I) 
Boxplots displaying MYO and MFC scores calculated for scRNA-seq-resolved human cells, split 
by the cell type label. Cell types are sorted according to decreasing mean score for MYO and MFC 
respectively. 



Fig. S18. MYO and MFC scores among clinical samples and heart anatomical regions. (A) 
Violin plots displaying MYO scores calculated over each Visium-resolved spot, split by patient 
sample and arranged according to sample type (left), and boxplots displaying total MYO score 
across entire Visium-resolved sample for each patient arranged by sample type (right). (B) As in 
panel A for MFC. (C) Boxplots indicating Pearson correlation of MYO and MFC scores for each 
Visium-resolved spot within each patient sample, arranged by sample type. 



Fig. S19. MYO and MFC scores in clinical samples. Spatial coordinates of Visium-resolved 
spots in human MI samples, coloured using bivariate colour scheme corresponding to MFC and 
MYO scores. Only spots corresponding to majority Fibroblast percentage are displayed. Patient 
samples are arranged according to control, RZ, FZ, and IZ types by row from top to bottom. 



Figure S20.  Summary diagram: CF population dynamics in cardiac injury models. (A) 
Schematic illustrating the two general categories of myocardial fibrosis - replacement fibrosis 
leading to scarring, as seen in MI and IRI, and reactive (interstitial and perivascular) fibrosis, as 
found in pressure overload. (B) UMAP plot showing an aggregate of integrated mouse CF data. 
(C) Projected CF population flux in ischemia versus pressure overload cardiac disease models.
Note high homology between specific population involvement and their temporal dynamics.
Dotted lines for pressure overload indicate that dynamics have been inferred from limited
temporally resolved data. (D) Summary of evidence for conservation of mouse CF states in human
hearts investigated in this study.



Supplemental auxiliary files: 

Table S1. Differentially expressed genes in CF subsets. 

Table S2. Differentially expressed genes between early CF subtypes. 

Table S3. Differentially expressed genes within the MYO forming populations. 

Table S4. Top 20 inferred transcription factor (TF) networks between identified populations 
in the integrated MI data. 

Table S5. Differentially expressed genes between MYO and MFC and between MYO-1 and 
MYO-2. 

Table S6. Differentially expressed genes between integrated cells from AngII/TAC and MI-
days 5-7 

Table S7. DE and DTU genes for MFC vs F-SH comparisons across MI-day 14, MI-days 
28/30, AngII and TAC. 

Table S8. DE and DTU genes for F-Act vs F-SH comparisons  

Table S9. Differentially expressed genes and associated GO terms between HFpEF and 
normal chow mice at week 15 for fibroblast populations. 

Table S10. Differentially expressed genes for human fibroblast clusters in healthy and AS 
hearts plus relative weights assigned to each gene for MYO and MFC identities for 
calculation of human MYO and MFC scores. 
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