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Supplementary Methods 63 

Data Analysis 64 

Outlier Identification 65 

As a first filter, we assessed the technical fitness of each injection. Injections which had less 66 

than 50% of the highest protein groups count were excluded from further analysis to avoid 67 

normalization and imputation artifacts. In addition, outlier samples were identified by the 68 

Principal Component Analysis (PCA) and hierarchical clustering (data not shown). 69 

Differential Protein Expression Analysis 70 

To analyze protein abundance, the Generalized Estimating Equations (GEE) model was 71 

implemented with the “geepack” R package1,2. The study involved three comparisons: 1) right 72 

atria (RA) from patients with sinus rhythm (RA-SR) vs. RA from patients with persistent atrial 73 

fibrillation (RA-persAF): This comparison included 15 individuals with replicates for RA-SR and 74 

16 individuals with replicates for RA-persAF, except for one individual who had only one 75 

replicate. 2) RA-SR vs. left atria (LA) from patients with sinus rhythm (LA-SR): This comparison 76 

involved 8 individuals, each with 3 replicates for both RA and LA. 3) RA-persAF vs. LA-persAF: 77 

This comparison comprised 6 individuals, each with 2 replicates for both RA and LA. 78 

The abundance values of all proteins were log2-transformed prior to analysis to stabilize 79 

variance and normalize the distribution of the data. 80 

Before performing the GEE analysis, the correlation between technical replicates was 81 

assessed. The correlation coefficients were high (close to 1 for most individuals), indicating 82 

strong within-sample consistency and minimal measurement variability. Given the high 83 

correlation, the GEE model was deemed suitable as it can handle correlated measurements 84 

within subjects and estimate population-averaged effects. 85 

For each protein, the GEE model was applied to estimate the average effects of protein 86 

abundance differences between the comparison groups. The model included the group 87 

variable as a fixed effect and accounted for within-subject correlations using an exchangeable 88 

correlation structure. We extracted coefficients and p values for each protein from the GEE 89 

model. 90 
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To control for multiple comparisons, we applied the FDR adjustment to the p-values using the 91 

Benjamini-Hochberg procedure3 via the “p.adjust” function from the “stats” package in R. 92 

Significant proteins were identified based on FDR-adjusted p values, with a significance 93 

threshold set at false discovery rate (FDR)-adjusted p < 0.05 unless otherwise stated (Suppl. 94 

Data 2 and 8, Table S1).  95 

Overlap with GWAS 96 

We used the NHGRI-EBI Catalog of human genome-wide association studies (GWAS) dataset 97 

including 971 associations from 49 studies labeled with the trait 'atrial fibrillation' 98 

(EFO_0000275). The mapped genes (p < 5.0E-8) were compared with the RA-persAF markers 99 

(p < 0.05) from our dataset (Suppl. Data 3, Table S1). The genes with the same log2FC 100 

directionality (up- or down-regulation) across both datasets were plotted for further 101 

representation. 102 

Protein Mass Calculation and Subcellular Atlas Generation 103 

The label-free quantification (LFQ) values were log2-transformed and technical replicates 104 

were averaged. For subsequent analyses, the leading canonical gene IDs and their associated 105 

molecular weight (MW) were utilized. Missing MW were manually assigned by averaging 106 

available MW provided by UniProt. Entries with MW less than 100 Da as well as those 107 

categorized under the GO term "blood microparticle" were excluded from the analysis (Suppl. 108 

Data 6, Table S1). 109 

Protein mass (pg) was recalculated from the estimated protein concentration (nM) which was 110 

derived from LFQ intensity using the proteomic ruler plug-in4 1.0.0.0 for Perseus. The 111 

parameters chosen were the scaling mode “Histone proteomic ruler” with ploidy of "2" and a 112 

total cellular protein concentration of 200 g/L. The list of histones identified by the software 113 

is available at Suppl. Data 6, Table S1. 114 

A subcellular localization table was compiled by consolidating subcellular localization data 115 

from the Human Protein Atlas (v.23.0), publicly available data from published studies5–7 116 

(based on leading gene ID), and manual annotations from UniProt (based on leading protein 117 

group). This resulted in 97% of proteins being assigned to the respective compartment. This 118 

enabled the calculation of protein mass for each subcellular compartment and its percentage 119 

contribution to the total protein mass (Suppl. Data 6, Table S1). 120 
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Principal Component Analysis 121 

PCA was conducted using Perseus v.1.6.15.08. The raw data was log2-transformed and 122 

technical replicates were averaged to obtain mean value per biological sample which were 123 

subjected to PCA analysis proteins. 124 

Volcano Plot Analysis 125 

The log2FC and FDR-adjusted p values obtained via the GEE model were used to generate 126 

volcano plots. Proteins with log2FC ≥ ±0.58 and FDR < 0.05 (corresponding to -log10FDR  > 1.3) 127 

were deemed statistically significant and subsequently categorized by color. 128 

Enrichment Analysis 129 

The enrichment analysis was performed using web-based tool Enrichr9. The list of significant 130 

proteins of interest (based on nominal p values, significance thresholds are indicated 131 

individually) was queried for the relevant pathways including Gene ontology (GO), Kyoto 132 

Encyclopedia of Genes and Genomes (KEGG)10 and Molecular Signature Database (MSigDB) 133 

Hallmark 202011. The adjusted p values < 0.05 of biological processes and pathways were 134 

considered statistically significant.  135 

Protein Association Networks 136 

To illustrate enriched protein networks underlying respective biological pathways in RA-137 

persAF, we combined KEGG pathway analysis in conjunction with the Cytoscape software12. 138 

The RA-persAF protein list was pre-filtered using a p value cutoff 0.01 and subjected to the 139 

KEGG analysis. The proteins from the relevant pathways (adj. p < 0.05) were further analysed 140 

using STRING App (v.2.0.1.)13 in Cytoscape (v.3.9.1.) with the full STRING network type and 141 

confidence score cutoff of 0.4. Clusters consisting of minimum of 5 nodes were identified 142 

through MCL clustering using clusterMaker2 (v.2.3.4)14 and reuploaded to the STRING in order 143 

to generate a map containing all clusters. The individual cluster annotatation was based on 144 

KEGG-enriched term. Node color and size were adjusted using continuous mapping function 145 

based on log2 FC and –log10 p values, respectively. Intensity of edges (connections) is based 146 

on STRING database given score, representing the confidence level of the protein interaction. 147 

Cluster Nr. 12, associated with "Pathways of neurodegeneration" was not visualised in Fig. 3 148 

due to its limited relevance to cardiac tissue but is provided in Suppl. Data 4, Table S1.  149 
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LV-HF (DCM) Dataset Reprocessing 150 

The mass spectrometry raw data for the study by Li et al.15 describing proteome analysis of 151 

left ventricular samples of patients with dilated cardiomyopathy (DCM) and healthy donors 152 

was obtained from the PRIDE repository. To ensure methodological comparability with the 153 

RA-persAF dataset, the raw files were reprocessed using Biognosys Spectronaut software 154 

(v.20) and the UniProtKB human reference proteome database, searching against the spectral 155 

library generated in this study. Protein groups were mapped to corresponding gene identifiers 156 

to avoid ambiguity from multi-entry protein groups.  157 

This approach yielded 4,456 unique genes, representing a 33% increase (+1,544 genes) 158 

compared to the original Li et al. analysis (3,146 genes), with 234 genes (5%) not detected 159 

after reprocessing. None of the absent proteins overlapped with the RA-persAF and DCM 160 

markers used in the present study. 161 

Of the 4,456 detected genes, 4,292 overlapped with our dataset, while 161 were unique to 162 

the DCM dataset; these unique proteins did not include any known DCM markers. The 163 

reprocessed dataset was analyzed using the GEE model, on log2-transformed protein 164 

abundances, consistent with the statistical pipeline applied to the RA-persAF dataset. This 165 

yielded 199 differentially expressed proteins (nominal p < 0.05) for direct comparison with 166 

the RA-persAF proteome. 167 

Biochemical Studies 168 

Protein isolation and immunoblotting were performed as described previously16,17. Both 169 

primary and secondary antibodies (Table S4) were diluted in 1x Roti-Block (Carl Roth) buffer 170 

and incubated with the membranes at 4°C overnight or at room temperature for 1 h, 171 

respectively. Blots were imaged using Azure Sapphire system (Azure Biosystems) and 172 

analysed using Image Studio Lite v.5.2.  173 

Each band represents a single patient sample. The signal intensity of each target protein band 174 

was normalized to the corresponding calsequestrin band, which served as the loading control. 175 

For RA-SR vs RA-persAF comparisons, CSQ-normalized values were further normalized to the 176 

mean CSQ-normalized value of the RA-SR group per gel. For comparisons involving LA-SR vs 177 

RA-SR or LA-persAF vs RA-persAF, CSQ-normalized values were normalized to the mean CSQ-178 
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normalized value of the LA-SR or LA-persAF group per gel, respectively. All uncut and unedited 179 

blot images are provided in Supplementary Material. 180 
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Supplemental Tables 181 

Table S1. Description of supplementary data files 182 

File name Description 

Supplementary Data 1 Proteome Profiling Data 

Supplementary Data 2 
Log2 FC and adj. p values from the GEE model for RA-persAF vs RA-SR, 

including volcano plot dataset 

Supplementary Data 3 
Summary results of GWAS overlap with RA-persAF markers relative to 

RA-SR 

Supplementary Data 4 
Summary results of protein association network generation and 

pathway enrichment in RA-persAF vs RA-SR 

Supplementary Data 5 MSigDB Hallmark 2020 analysis results for RA-persAF vs RA-SR 

Supplementary Data 6 
Summary results of subcellular compartmentalization assessment in 

RA-AF vs RA-SR 

Supplementary Data 7 
Summary results of RA-persAF overlap with control and failing 

ventricle 

Supplementary Data 8 
Log2 FC and adj. p values from the GEE model for RA vs. LA in SR and 

persAF, including volcano plot, PCA, and GO:BP datasets 

Supplementary Data 9 Summary results of LA-persAF-specific BP assessment in RA-persAF 

  183 
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Table S2. Characteristics of patients 184 

 Sex Age, y BMI, kg/m2 Cause of death 

D1 Male 54 28.5 Anoxia 

D3 Female 73 21.9 Stroke 

D4 Female 37 19.0 Anoxia 

D5 Female 59 24.9 Stroke 

D6 Male 47 25.2 Head Trauma 

D7 Male 45 26.7 Head Trauma 

D8 Male 59 48.8 Anoxia 

D10 Male 29 30.6 Head Trauma 

BMI, body mass index. 185 
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Table S3. Characteristics of patients involved in proteomic analysis 186 

 Ctrl persAF 
p value 

 (n=15) (n=16) 

Sex, male/female 12/3 9/7 0.252 

Age, y 65.7  2.7 69.8  2.1 0.097 

Body mass index, kg/m2 28.6  1.5 25.5  1.2 0.175 

    

CAD, n 12 7 0.066 

MVD/AVD, n 1 6 0.083 

CAD+MVD/AVD, n 2 3 1.000 

    

Hypertension, n 12 15 0.224 

Diabetes, n 2 5 0.390 

Hyperlipidemia, n 8 6 0.715 

    

LVEF, % 52.0  4.3 51.6  2.9 0.939 

    

Digitalis, n 0 4 0.100 

ACE inhibitors, n 7 7 1.000 

AT1 blockers, n 2 4 0.651 

-Blockers, n 10 14 0.390 

Dihydropyridines, n 5 2 0.390 

Diuretics, n 2 5 0.390 

Nitrates, n 1 0 1.000 

Lipid-lowering drugs, n 12 12 1.000 

ACE, angiotensin-converting enzyme; AT, angiotensin receptor; CAD, coronary artery disease; LVEF, 187 
left ventricular ejection fraction; MVD/AVD, mitral/aortic valve disease. Continuous data are 188 

expressed as mean  SEM. Comparison was made using Student’s t-test and Fisher’s exact test for 189 
continuous and categorical data, respectively.  190 
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Table S4. Characteristics of patients involved in immunoblot analysis 191 

 Ctrl persAF 
p value 

 (n=28) (n=24) 

Sex, male/female 24/4 14/10* 0.033 

Age, y 63.3  2.0 70.8  1.5** 0.004 

Body mass index, kg/m2 29.4  0.9 28.2  1.0 0.391 

    

CAD, n 23 12* 0.019 

MVD/AVD, n 3 8 0.086 

CAD+MVD/AVD, n 2 4 0.397 

    

Hypertension, n 22 20 0.736 

Diabetes, n 5 9 0.130 

Hyperlipidemia, n 11 13 0.403 

    

LVEF, % 52.7  2.1 50.5  3.0 0.527 

    

Digitalis, n 0 4* 0.039 

ACE inhibitors, n 12 13 0.578 

AT1 blockers, n 4 6 0.483 

-Blockers, n 19 22* 0.046 

Dihydropyridines, n 6 7 0.541 

Diuretics, n 6 13* 0.021 

Nitrates, n 1 0 1.000 

Lipid-lowering drugs, n 23 17 0.510 

ACE, angiotensin-converting enzyme; AT, angiotensin receptor; CAD, coronary artery disease; LVEF, 192 
left ventricular ejection fraction; MVD/AVD, mitral/aortic valve disease. Continuous data are 193 

expressed as mean  SEM. *p < 0.05 and **p < 0.01. Comparison was made using Student’s t-test 194 
and Fisher’s exact test for continuous and categorical data, respectively.  195 
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Table S5. Characteristics of patients involved in histological analysis 196 

 Ctrl persAF 
p value 

 (n=13) (n=6) 

Sex, male/female 13/0 4/2 0.088 

Age, y 62.9  .0 71.3  2.6 0.094 

Body mass index, kg/m2 28.7  1.3 29.8  2.0 0.644 

    

CAD, n 11 1* 0.010 

MVD/AVD, n 0 3* 0.021 

CAD+MVD/AVD, n 2 2 0.557 

    

Hypertension, n 11 4 0.557 

Diabetes, n 5 2 1.000 

Hyperlipidemia, n 9 1 0.057 

    

LVEF, % 52.1  5.5 50.8  4.1 0.868 

    

Digitalis, n 0 1 0.316 

ACE inhibitors, n 9 2 0.319 

AT1 blockers, n 2 3 0.262 

-Blockers, n 9 4 1.000 

Dihydropyridines, n 3 2 1.000 

Diuretics, n 5 4 0.350 

Nitrates, n 1 0 1.000 

Lipid-lowering drugs, n 12 6 1.000 

ACE, angiotensin-converting enzyme; AT, angiotensin receptor; CAD, coronary artery disease; LVEF, 197 
left ventricular ejection fraction; MVD/AVD, mitral/aortic valve disease. Continuous data are 198 

expressed as mean  SEM. *p < 0.05. Comparison was made using Student’s t-test and Fisher’s exact 199 
test for continuous and categorical data, respectively.  200 
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Table S6. Antibodies used for immunoblot analysis 201 

Antibody Concentration Company Identifier 

CACNA2D2 1:2000 Abclonal A10267 

RGS6 1:300 Thermo Fisher H00009628-B01P 

MYOT 1:100 Santa Cruz sc-393957 

ACSS1 1:2000 Cell signaling  37041 

NPPA 1:3000 Thermo Fisher MA5-31578 

NPPB 1:2000 antibodies-online ABIN7010021 

CES2 1:1000 Santa Cruz sc-100685 

MFG-E8 1:1000 Santa Cruz sc-271574 

GSTZ1 1:2000 Proteintech 14889-1-AP 

SLC25A36 1:5000 Proteintech 67896-1-Ig 

TSPAN9 1:1000 Proteintech 21983-1-AP 

CCDC80 1:5000 antibodies-online ABIN7439956 

GABARAPL1 1:2000 Cell Signaling  26632T 

CSQ 1:1000 Thermo Fisher PA1-913 

AzureSpectra 550 
goat anti-rabbit 

1:5000 Biozym 512158 

IRDye 680RD donkey 
anti-mouse 

1:10 000 LI-COR 926-68072 

IRDye 800CW 
donkey anti-rabbit 

1:10 000 LI-COR 926-32213 

  202 
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Table S7. Characteristics of patients involved in blood plasma analysis 203 

 Ctrl persAF 
p value 

 (n=23) (n=17) 

Sex, male/female 17/6 14/3 0.707 

Age, y 65.6  .5 68.9  1.7 0.154 

Body mass index, kg/m2 27.9  1.5 29.1  1.2 0.563 

    

CAD, n 17 3*** 0.001 

MVD/AVD, n 4 7 0.153 

CAD+MVD/AVD, n 1 7** 0.006 

    

Hypertension, n 20 16 0.624 

Diabetes, n 5 3 0.717 

Hyperlipidemia, n 7 8 0.508 

    

LVEF, % 48.7  2.3 49.0  3.3 0.939 

    

Digitalis, n 1 2 0.565 

ACE inhibitors, n 7 5 1.000 

AT1 blockers, n 10 8 1.000 

-Blockers, n 16 16 0.107 

Dihydropyridines, n 6 7 0.496 

Diuretics, n 11 15* 0.017 

Nitrates, n 1 0 1.000 

Lipid-lowering drugs, n 17 13 1.000 

ACE, angiotensin-converting enzyme; AT, angiotensin receptor; CAD, coronary artery disease; LVEF, 204 
left ventricular ejection fraction; MVD/AVD, mitral/aortic valve disease. Continuous data are 205 

expressed as mean  SEM. *p < 0.05, **p < 0.01 and ***p  <0.001. Comparison was made using 206 
Student’s t-test and Fisher’s exact test for continuous and categorical data, respectively. 207 
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Table S8. Concordance of primary vs fully adjusted tissue-proteomics effects (persAF–SR). 208 

prot β _main p_main β _sens p_sens abs_log2FC_FDR_main abs_log2FC_FDR_sens 

238 -0.94 8.9E-03 -1.24 1.2E-04 <NA> yes 

498 -1.43 2.4E-04 -1.78 2.8E-07 yes yes 

527 2.53 7.1E-04 2.05 3.0E-02 yes <NA> 

553 -0.93 1.1E-02 -1.20 3.7E-04 <NA> yes 

561 1.51 7.8E-05 1.70 1.1E-07 yes yes 

658 1.17 1.7E-05 1.16 6.2E-05 yes yes 

1378 -0.64 1.6E-04 -0.63 1.2E-03 yes <NA> 

1475 1.10 2.5E-04 0.96 6.6E-04 yes yes 

1574 0.92 5.1E-05 0.78 7.0E-03 yes <NA> 

1683 1.94 7.3E-03 2.35 1.0E-03 <NA> yes 

1694 0.92 5.2E-04 0.74 1.3E-02 yes <NA> 

1824 0.67 1.1E-03 0.75 1.1E-04 <NA> yes 

1851 0.94 1.1E-03 1.16 1.3E-05 <NA> yes 

2127 0.64 1.6E-05 0.63 1.3E-04 yes yes 

2291 1.05 2.5E-04 1.09 1.1E-03 yes <NA> 

2358 1.10 3.0E-04 0.85 7.3E-03 yes <NA> 

2700 -0.81 4.5E-02 -1.30 6.1E-05 <NA> yes 

3329 -0.66 3.9E-05 -0.49 1.6E-04 yes yes 

3845 0.64 4.2E-04 0.71 3.6E-04 yes yes 

4177 0.66 6.6E-04 0.44 1.8E-02 yes <NA> 

4178 -0.76 7.5E-04 -0.70 9.2E-03 yes <NA> 

5032 0.71 3.8E-05 0.40 1.5E-02 yes <NA> 

5256 0.64 6.2E-04 0.64 2.9E-04 yes yes 

5276 0.59 2.9E-04 0.53 4.3E-03 yes <NA> 

5591 0.83 2.3E-04 0.59 4.4E-03 yes <NA> 

5609 0.61 5.8E-04 0.58 2.6E-03 yes <NA> 

5821 0.99 3.3E-03 1.27 7.2E-04 <NA> yes 

6317 -0.58 1.2E-07 -0.64 2.3E-07 yes yes 

β_main/p_main = primary model; β_sens/p_sens = fully adjusted model (Age, Sex, Drugs-PC1, CAD, 209 

MVD/AVD). abs_log2FC_fdr_* indicates proteins meeting FDR < 0.05 and |log2FC| > 0.58 in that 210 

analysis.  211 
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Supplemental Results 212 

Generation of a Deep Spectral Library of the Human Cardiac Proteome 213 

We generated an annotated tandem mass spectrometry (MS/MS) spectral library from RA, 214 

LA, RV, LV and septum samples. To minimize sampling effects, material from three individual, 215 

randomly chosen pieces of tissue per cavity was lysed and tryptically digested separately, then 216 

pooled at the tryptic peptide level for further analysis. Each peptide pool was fractionated 217 

into 20 fractions using a staggered pooling scheme and analyzed by DDA-MS in triplicate to 218 

achieve comprehensive sampling. From the combined DDA-MS data, an annotated spectral 219 

library was generated that encompassed data on 9,159 non-redundant protein groups 220 

representing 13,539 proteins from the UniProtKB database, evidenced by 111,772 peptide 221 

sequences of which 40,537 are classified as proteotypic (Fig. S2A)18. Of note, peptides are not 222 

only characterized by their MS/MS data, but also by their indexed retention time (Fig. S2B)19 223 

and their inverse reduced ion mobility 1/K0 (Fig. S2C) as a prerequisite for high-quality 224 

assignment in DIA-MS experiments. Peptide and protein identifications were transcribed into 225 

an annotated MS/MS spectral library.  226 

Differential Proteome Profiling of Human Cardiac Biopsies 227 

Next, we used the reference MS/MS spectral library to extract quantitative peptide and 228 

protein information from single-shot DIA-MS. Using the library, we observed consistent 229 

detection of proteins across all injections (Figure S2D). Following quantitative normalization 230 

and outlier identification based on sample input amounts and technical fitness, we obtained 231 

a highly consistent data matrix across 121 injections representing 55 individual samples.  232 

In the full dataset, the median number of identified protein groups was 5,984, with a standard 233 

deviation of 195 (3.3%) and a range of 5,222 to 6,303 (data not shown). When stratified by 234 

experimental groups, the values remained similarly consistent: in LA-SR samples, the median 235 

was 5,963 with a standard deviation of 263 (4.5%) and a range of 5,222 to 6,176; in LA-persAF, 236 

the median was 5,891 with a standard deviation of 122 (2.1%) and a range of 5,609 to 6,050; 237 

in RA-SR, the median was 5,868 with a standard deviation of 168 (2.9%) and a range of 5,320 238 

to 6,303; and in RA-persAF, the median was 5,993 with a standard deviation of 110 (1.8%) 239 

and a range of 5,774 to 6,170. These values confirm robust and reproducible protein detection 240 

across both atrial chambers and rhythm conditions. 241 
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Analysis of quantitative variability between samples in each experimental group exhibited 242 

excellent reproducibility, with median in-group coefficient of variation (CV) ranging from 243 

14.2% to 20.1% (Fig. S2E).  244 

To evaluate whether our spectral library (generated from non-failing donor hearts) is suitable 245 

to capture persAF-specific proteins, we compared our data set to a set of 30 core persAF 246 

markers consistently identified in two independent proteomic studies6,20. We were able to 247 

detect all of these markers in our dataset (Fig. S2F). With regard to the extracellular matrix as 248 

a key determinant of cardiac tissue remodeling, we detected 362 bona fide extracellular 249 

matrix (ECM) proteins contained in the matrisome database21 even without decellularization, 250 

which is comparable with dedicated ECM studies22. We conclude that our methodological 251 

approach, while not providing complete cardiac proteome profiles, is highly suitable to study 252 

the processes underlying tissue remodeling in the context of persAF, despite the use of 253 

healthy donor tissue-based library. 254 
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Supplemental Figures 255 

 256 

Fig. S1 Assessment of potential confounding effect by medication use. A, Summary of the p values 257 

obtained by Fisher’s exact test aimed to evaluate the effect of 8 major drug categories between RA-258 

SR and persAF patients. B, Scatter plot comparing group-effect coefficients (β) before and after 259 

adjustment for overall medication burden (Drugs-PC1). The high agreement (R2 = 0.969; RMSE = 260 

0.0341) indicates that medication use did not substantially influence the estimated group effects. C, 261 

β–β concordance between the primary model and the fully adjusted model (Age, Sex, Drugs-PC1, CAD, 262 

MVD/AVD). Agreement remained high (r = 0.917; RMSE = 0.082); counts: both significant = 9, main-263 

only = 12, sensitivity-only = 7. 264 
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 265 

Fig. S2 Validation of the library. A, DDA MS/MS spectral library, m/z distribution of peptide 266 

precursors. Marked area represents precursor isolation of m/z 350-1400 in DIA-MS, covering 97.6% of 267 

the library. B, DDA MS/MS spectral library, representative plot of retention time vs IRT. C, DDA MS/MS 268 

spectral library, 1/K0 distribution of peptide precursors. Marked area represents precursor isolation of 269 

1/K0 0.7-1.5 in DIA-MS, covering 98.6% of the library. D, Boxplots of protein group, peptide and 270 

precursor detections across samples (n=121, 5/95% percentiles). E, Violin plots of protein g 271 

coefficients of variation, analysed by sample group. Median CV range from 14.2% to 20.1%. F, The 272 

schematic representation of the reference persAF protein markers identified in previous studies using 273 

library-free approach6,20 within the proteome dataset of this study (generated via healthy donor-based 274 

library; left). All 30 reference persAF markers (right) were detected in our dataset, supporting the 275 

suitability of the spectral library derived from non-failing hearts. CV, coefficient of variation; IRT, 276 

indexed retention time; LAapp, left atrial appendage (donors, also called LA-SR in the main text); 277 



CVR-0043 
 

Page 20 of 26 

LAFW, left atrial free wall (donors, also called LA-SR in the main text); LA-persAF, left atrium from 278 

patients with persistent AF; RAapp, right atrial appendage (donors, also called RA-SR in the main text); 279 

RAFW, right atrial free wall (donors, also called RA-SR in the main text); RA-persAF, right atrium from 280 

patients with persistent AF; RA-SR, right atrium from patients with sinus rhythm.  281 
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 282 
Fig. S3 Protein association network with pathway enrichment in the RA-AF proteome (full 283 

size). Each node represents a protein; node size indicates –log10(p value), node colour 284 

indicates log2 fold change, and edge thickness reflects interaction confidence. KEGG pathway 285 

associations were assigned to each cluster. Statistical significance was assessed using 286 

generalized estimating equations with Benjamini–Hochberg correction. ECM, extracellular 287 

matrix; FC, fold change.   288 
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 289 

Fig S4 Subcellular proteome model of RA-persAF (unadjusted). A, Schematic representation of an 290 

average right atrial appendage cardiomyocyte illustrating the subcellular distribution of protein mass 291 

fractions per cell, estimated using proteomic ruler approach. Values are normalized to total cellular 292 

protein content. Left: RA-SR (control). Right: RA-persAF. In both panels, compartments are labeled 293 

with their absolute percentage contribution (%) to total protein mass per cell, enabling direct 294 

comparison between conditions. Please note that unassigned proteins were not included in the figure. 295 

Scatter plot comparing subcellular compartment protein mass fractions (%) derived from histone-296 

adjusted proteomic ruler analysis (x-axis) and unadjusted raw LFQ-based analysis (y-axis) in RA-SR (B) 297 

and RA-persAF (C). The diagonal line indicates the line of identity (Y = X). Pearson correlation 298 

coefficients (r2) and p values are shown. ECM, extracellular matrix; ER, endoplasmic reticulum; RA-299 

persAF, right atrium from patients with persAF; RA-SR, right atrium from patients with sinus rhythm. 300 

The figure was created with BioRender.com.  301 
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 302 

Fig. S5 Derivation of robust human atrial and ventricular proteome marker sets. To obtain robust 303 

human atrial and ventricular proteome markers, we employed the atrial and ventricular proteome 304 

markers available from from two independent published cardiac proteome studies6,23 and identified 305 

the overlapping markers (top). These overlapping proteins were further validated using the TISSUES 306 

Experimental 2025 database, which confirmed their specificity to atrial and ventricular heart 307 

chambers. FDR, false discovery rate.  308 
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