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Appendix Figure S1: Uromodulin characteristics in the C171Y and R186S mouse models. 
(A-B) Immunoblot analysis of UMOD following Endo H or PNGase F treatment in kidneys from 1-month-old C171Y (A) and R186S (B) mice. M: mature; P: precursor; D: deglycosylated. 
(C) Correlative Light Electron Microscopy (CLEM) of UMOD (green) on kidney sections from 3-month-old +/+ and R186S/+ mice. Nuclei are counterstained with DAPI (blue). Black 
arrowheads indicate UMOD localization (apical plasma membrane in +/+, endoplasmic reticulum in R186S/+). Scale bar: 5 µm. SRRF, super-resolution radial fluctuation; SEM, scanning 
electron microscopy.  
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Appendix Figure S2: Early uromodulin processing defects in R186S/+ mice. 
(A) Representative immunofluorescence analysis of UMOD (green) on kidney sections from 2-week-old +/+ and R186S/+ mice. Nuclei counterstained with DAPI (blue). Scale bar: 25 µm. 
Dotted lines identify different tubules with apical or intracellular UMOD accumulation. 
(B) Representative immunoblot of UMOD in whole kidney samples from 2-week-old +/+ and R186S/+ mice (n=5 to 6 animals per group). β-actin used as loading control. M: mature UMOD; P: 
premature UMOD; HMW: high molecular weight. Densitometry analysis relative to +/+. Bars indicate mean ± SEM. Unpaired two-tailed t test, #P<0.0001. 
(C) Representative immunofluorescence analysis of UMOD (green) and CNX (red) on kidney sections from 2-week-old mice. Nuclei are counterstained with DAPI (blue). Scale bar: 25 µm.  
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Appendix Figure S3: Unfolded protein response in kidneys from Umod KI mice. 
(A-B) Representative immunoblot analysis of ER stress markers in medulla-enriched kidney fractions from 4-months-old R186S (A) and C171Y (B) mice (n=5 to 6 animals per group). 
(A) PERK: *P=0.0311; IRE1α: **P=0.0011, ***P=0.0001; GRP78/BiP: ***P=0.0009, **P=0.0040; ATF4: ***P(+/+ vs. R/+)=0.0008, ***P(+/+ vs. R/R)=0.0012. (B) GRP78/BiP: *P=0.019, 
**P=0.0049. 
(C-D) Representative immunoblot analysis of ER stress markers in 1-month-old medulla-enriched kidney fractions (C) or 4-months-old total kidney lysates from +/+, R186S/+ and R186S/- 
mice (n=5 to 6 animals per group). β-actin used as loading control. Densitometry analysis is relative to +/+. 
(D) PERK: ***P=0.0007, **P=0.0045; #P<0.0001. 
Bars indicate mean ± SEM. One-way ANOVA followed by Tukey’s post-hoc test.  
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Appendix Figure S4: Lack of apoptosis or caspase activation in Umod KI kidneys. 
(A) Immunofluorescence analysis of TUNEL (green) and UMOD (red) in kidney sections from 4-month-old Umod mutant (n ≥ 45 fields from 3-5 kidneys per condition). Nuclei are counterstained 
with DAPI (blue). Positive control incubated with DNase I and negative control incubated with label solution shown on right panel. Scale bar: 50 µm. Each point of the quantification represents 
the number of TUNEL+ cells in one field.  
(B) Representative immunoblot analysis of caspase-3 (CASP3) and cleaved caspase-3 in whole kidney lysates from 4-month-old +/+, C171Y/+ and C171Y/C171Y mice (left) or +/+, R186S/+ 
and R186S/R186S mice (right). β-actin used as a loading control. Densitometry analysis is relative to +/+. 
Bars indicate mean ± SEM. One-way ANOVA followed by Tukey’s post-hoc test, (n = 5 animals per group).   
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Appendix Figure S5: Mutant UMOD degradation relies on mutation-specific mechanisms. 
(A) RT-qPCR analysis of ER-phagy genes in Umod KI kidneys (n=4 to 9 animals per group). Values are expressed as relative to +/+ (black dotted line). 
Retreg1: **P(+/+ vs. C/C)=0.0038, ***P = 0.0004, **P(+/+ vs. R/-)=0.0061, *P=0.0113, †P=0.0114; Rtn3: ††P(C/C vs. R/+)=0.0012, ††P(C/C vs. R/-)=0.004, ††P(C/C vs. R/R)=0.0021; Ccpg1: 
**P=0.0059, †P=0.0127, †††P=0.0002, ††P=0.0015, ††††P<0.0001; Sec62: *P=0.0494, †P=0.016, †††P=0.0006, ††P=0.0016. 
(B) Representative immunofluorescence analysis of UMOD (green) and SQSTM1 (red) on kidney sections from 1-month-old Umod KI mice. Nuclei are counterstained with DAPI (blue). 
Scale bar: 25 µm, n = 100 tubules from 3 kidneys per condition. ***P=0.0002, #P<0.0001.  
Bars indicate mean ± SEM. One-way ANOVA followed by Tukey’s post-hoc test.  
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Appendix Figure S6: Markers of autophagy induction in Umod KI mouse kidneys. 
Representative immunofluorescence analysis of UMOD (green) and ATG5 (red) on kidney sections from 4-month-old Umod KI mice. Nuclei are counterstained with DAPI (blue). Scale bar: 
25 µm, n ≥ 67 tubules from 3 kidneys per condition. Bars indicate mean ± SEM. One-way ANOVA followed by Tukey’s post-hoc test, *P(+/+ vs. C/+)=0.032, *P(+/+ vs. C/C)=0.0153, 
#P<0.0001.   
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Appendix Figure S7: Macrophage infiltration in Umod KI mouse kidneys. 
Confocal analysis of kidney sections from 4-month mice stained with anti-uromodulin (green) and anti-F4-80 (red). n ≥12 fields from 3 kidneys per condition. Nuclei are stained with DAPI 
(blue). Scale bar: 25 µm. Bars indicate the mean ± SEM. One-way ANOVA with Tukey’s post hoc test, *P(+/+ vs. C/C)=0.0342, *P(C/+ vs. C/C)=0.0103, **P=0.0059,  #P<0.0001.  
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Appendix Figure S8: Characterization of interstitial fibrosis in Umod KI mouse kidneys. 
(A-B) Representative Picrosirius red (A) and Masson’s Trichrome (B) stainings on kidney sections from 4-month-old Umod KI mice (n=3 to 11 animals per group). Deconvoluted collagen 
signal is shown below each image. Scale bars: 100 µm   
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Appendix Figure S9: RNA-seq analyses in 1-month-old R186S/+ kidneys.  
(A) Experimental design for RNA-Seq on whole kidney lysates from 1 and 4 months male Umod KI mice. 
(B) Principal component analysis (PCA) of RNA-Seq data of kidneys from 1-month-old and 4-month-old Umod KI mice. 
(C) Volcano plot showing differently expressed genes (DEGs) between R186S/+ and +/+ 1-month-old kidneys. Genes not significantly changed (FDR > 0.05) are shown in grey, whereas 
genes that are up- or downregulated in R186S/+ are shown in red and green respectively. The total number of unchanged, up- and downregulated genes are summarized in the pie chart. 
(D) Over-representation analysis showing up- (red) and downregulated (green) biological processes of gene ontology in 1-month-old R186S/+ kidneys.  
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Appendix Figure S10: Differential expression and affected pathways in 4-month-old Umod KI kidneys. 
(A) Volcano plot showing differently expressed genes (DEGs) between +/+ and R186S/+ kidneys at 4 months. 
(B) Over-representation analysis (ORA) showing up- and downregulated biological processes in 4-months-old R186S/+ kidneys. 
(C) Volcano plot showing DEGs between C171Y/+ and +/+ kidneys at 4 months. Genes not significantly changed (FDR > 0.05) are shown in grey, whereas genes that are up- or downregulated 
in Umod KI are shown in red and green respectively. The total number of unchanged, up- and downregulated genes are summarized in the pie chart. 
(D) ORA showing upregulated biological processes in 4-month-old C171Y/+ kidneys. No significantly downregulated pathways were identified. (e) Heatmap of transcriptional regulation genes 
upregulated in 4-month-old C171Y/+ kidneys.  
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Appendix Figure S11: Disease progression signature in Umod KI kidneys. 
(A) Volcano plot showing differently expressed genes (DEGs) between R186S/+ and C171Y/+ kidneys at 1 month. Genes not significantly changed (FDR > 0.05) are shown in grey, whereas 
genes that are up- or downregulated in R186S/+ are shown in red and green respectively. The total number of unchanged, up- and downregulated genes are summarized in the pie chart. 
(B) Over-representation analysis (ORA) showing up- (red) and downregulated (green) biological processes in 1-month-old R186S/+ kidneys compared to C171Y/+. 
(C) Heat map of selected pathways involved in the disease progression of Umod KI mice at 1 month. R186S/+ kidneys showed upregulation of ER stress (Atf4, Ddit3, Nupr1, Trib3), increased 
expression of genes associated with inflammation (Lcn2, Lgals3) and fibrosis (Serpina10, Col1a1), whereas C171Y/+ kidneys were virtually indistinguishable from +/+.  
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Appendix Figure S12: Distinct UMOD mutations trigger differential ER quality control responses. 
(A) Immunoblot analysis of GFP and UMOD in lysates from UMOD-GFP cells. Samples were run in reducing conditions. β-actin used as a loading control. 
(B) Immunofluorescence analysis of UMOD (green), Proteostat (red) and CNX (gray) in UMOD-GFP cells. Scale bar: 30 μm. 
(C) Immunofluorescence analysis of UMOD (green) and GRP78/BiP (red) in UMOD-GFP cells. Co-localization is expressed as arbitrary units (AU). Scale bar: 30 μm (n=33 to 44 cells per 
group), #P<0.0001. 
(D) Co-immunoprecipitation experiments in UMOD-GFP cells showing interaction between UMOD and GRP78/BiP. 
(E) RT-qPCR analysis of unfolded protein response (UPR) effectors in in UMOD-GFP cells. Values are expressed as relative to WT (black dotted line, n = 6 biological replicates). Hspa5: 
***P(WT vs. C170Y)=0.0008; Xbp1s: #P(WT vs. C170Y)<0.0001, ††P(C170Y vs. R185S)=0.0018, **P(WT vs. R185S)=0.0045; Lcn2: #P(WT vs. R185S)<0.0001, ††††P(C170Y vs. 
R185S)<0.0001; Ddit3: **P(WT vs. R185S)=0.0083, ††P(WT vs. C170Y)=0.0019, Eif2a: *P(WT vs. R185S)=0.0118. 
(F) RT-qPCR analysis of protein folding/degradation genes in UMOD-GFP cells. Values are expressed as relative to WT (black dotted line) (n =4 to 6 biological replicates). Rtn3: **P(WT vs. 
C170Y)=0.002, ††P=0.0028 (C170Y vs. R185S); Ccpg1: **P(WT vs. C170Y)=0.0078, ††††P(C170Y vs. R185S)<0.0001, **P(WT vs. R185S)=0.0023; Sec62: ***P(WT vs. C170Y)=0.0008, 
†††P(C170Y vs. R185S)=0.0002; Retreg1: **P(WT vs. C170Y)=0.002, †P(R185S vs. C170Y)=0.017; Sec61a1: ***P(WT vs. C170Y)=0.0005, **P(WT vs. R185S)=0.0013; Dnaja4: *P(WT vs. 
C170Y)=0.0209.  
Bars indicate mean ± SEM. One-way ANOVA followed by Tukey’s post-hoc test.  
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Appendix Figure S13: Proteasomal inhibition induces mutant UMOD accumulation. 
(A) RT-qPCR analysis of Sqstm1 gene in UMOD-GFP cells. Values are expressed as relative to WT cells (n=6 biological replicates), **P(R185S vs. C170Y)=0.0058, **P(WT vs. 
C170Y)=0.0056.  
(B) Immunoblot analysis of SQSTM1 in UMOD-GFP cells. β-actin used as a loading control. Densitometry analysis relative to WT cells (n=6 biological replicates), **P=0.0084.  
(C) Immunoblot analysis of ubiquitin in UMOD-GFP cell lysates following MG123 time course. Densitometry analysis relative to untreated cells (n = 6 biological replicates). WT: **P(0h vs. 
2h)=0.0096, *P=0.0177, **P(4h vs. 6h)= 0.0041; R185S: *P(0h vs. 2h)=0.0177, *P(0h vs. 4h)=0.0216, **P=0.0079; C170Y: **P=0.002, ***P=0.0002. 
(D) RT-qPCR analysis of UMOD and Sqstm1 genes in UMOD-GFP cells following time-dependent MG132 treatment. Values are relative to untreated (0h) cells (n ≥4 biological replicates), 
#P<0.0001.  
(E) Representative immunofluorescence of UMOD (green) and SQSTM1 (red) in UMOD-GFP cells. Nuclei counterstained with DAPI (blue). Scale bar: 15 μm (n = 30 cells per group), 
#P<0.0001.  
(F) Immunoblot analysis of ubiquitin, UMOD in UMOD-GFP cell lysates following Bortezomib time-course. β-actin used as a loading control. Densitometry analysis relative to fed cells (n ≥4 
biological replicates). WT, Ubiquitin: **P(0h vs. 4h)=0.0013, **P(0h vs. 6h)=0.0011, *P(2h vs. 4h)=0.0322, *P(4h vs. 6h)=0.0267; R185S, Ubiquitin: **P(0h vs. 4h)=0.0013, **P(2h vs. 
6h)=0.0022; C170Y, UMOD: **P(0h vs. 6h)=0.0045, **P(4h vs. 6h)=0.0051; Ubiquitin: *P(0h vs. 2h)=0.0429, **P=0.0014, ***P=0.0002, *P(2h vs. 6h)=0.031; #P <0.0001. 
Bars indicate mean ± SEM. One-way ANOVA followed by Tukey’s post-hoc test. 
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Appendix Figure S14: Autophagy modulation impacts on mutant UMOD levels. 
(A) Immunoblot analysis of UMOD, SQSTM1 and LC3 in UMOD-GFP cell lysates following starvation and Bafilomycin A1 treatment. β-actin used as a loading control. Densitometry 
analysis relative to fed (n=3 biological replicates), WT, LC3II: ***P=0.0007; R185S, UMOD: *P=0.0136,**P=0.0067; SQSTM1: *P=0.0175, ***P=0.0002; LC3II: *P=0.0164, ***P=0.0002; 
C170Y, UMOD: ***P=0.0003,**P = 0.0096; SQSTM1: *P=0.0282, ***P=0.0004; LC3II: **P(Fed vs. Starv)=0.006, **P(Starv vs. Starv+ BafA1)=0.0013; #P<0.0001. 
(B) Representative immunofluorescence of UMOD (green) and LAMP1 (red) in UMOD-GFP cells following BafA1 treatment. Nuclei counterstained with DAPI (blue). Scale bar: 15 μm (n ≥ 
20 cells/field, 5 fields per condition), #P<0.0001. 
(C) Immunoblot analysis of UMOD, SQSTM1 and LC3 in UMOD-GFP cell lysates following SAR405 treatment. Densitometry analysis relative to fed (n=3 biological replicates). 
WT, SQSTM1: *P=0.0129; LC3I: **P=0.0033, *P=0.0296; R185S, SQSTM1: *P=0.0486, **P=0.0073, ***P=0.0005; LC3I: **P=0.0070, *P=0.0410; C170Y, UMOD: *P(Fed vs. Starv)=0.0342, 
*P(Starv vs. Starv + SAR405)=0.0283; SQSTM1: **P=0.055, *P=0.0198; LC3I: **P=0.0011, ***P=0.0004; #P<0.0001. 
(D) Immunoblot analysis of UMOD, SQSTM1 and LC3 in UMOD-GFP cell lysates following Torin 1 and BafA1 treatment. Densitometry analysis relative to fed cells (n=3 biological 
replicates). WT, UMOD: *P(Fed vs. Torin 1)=0.0118, *P(Torin 1 vs. Torin 1+BafA1)=0.0399; SQSTM1: **P(Fed vs. Torin 1+BafA1)=0.001, **P(Torin 1 vs. Torin 1+BafA1)=0.0022; LC3II/I: 
*P=0.0476; R185S, UMOD: **P(Fed vs. Torin 1)=0.0035, **P(Torin 1 vs. Torin 1+BafA1)=0.005; LC3II/I: *P=0.023, **P=0.0023; C170Y, UMOD: **P=0.0096; SQSTM1: *P=0.0336, 
**P=0.0094; LC3II/I: *P=0.0229, ***P=0.0007; #P< 0.0001.  
Bars indicate mean ± SEM. One-way ANOVA followed by Tukey’s post-hoc test. 
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Appendix Figure S15: Structural modelling of UMOD mutations 
(A, B) Modeling of the UMOD p.Cys170Tyr (A) and p.Arg185Ser (B) mutants. Clashes in the structure are represented by red dots and are visible only in the p.Cys170Tyr mutant. Models were 
generated with PyMOL (Schrödinger LLC). 
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Appendix Figure S16: Uncropped Western blot membranes. 
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Appendix Figure S16 (continued). 
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Appendix Figure 16 (continued).  
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Appendix Figure 16 (continued).  
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 Appendix Table S1: Clinical characteristics of p. (Arg185Ser) ADTKD-UMOD family. 

M, male; F, female; Y, yes; N, no; NA, not available; CKD, chronic kidney disease; eGFR, estimated glomerular filtration rate.  
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 Appendix Table S2: Clinical characteristics of p. (Cys170Tyr) ADTKD-UMOD families. 

M, male; F, female; Y, yes; N, no; NA, not available; CKD, chronic kidney disease; eGFR, estimated glomerular filtration rate. 
* Nephrectomy for clear cell carcinoma – abundant hematuria  
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 Appendix Table S3: In silico analysis of selected UMOD missense variants.  
 

UMOD transcript: NM_001008389.3 
* Includes the Genome Aggregation Database (gnomAD) (Karczewski et al, 2020), the UK Biobank (Van Hout et al, 2020), the Genomics England 100,000 Genomes Project (Turro et al, 
2020) and the UK Rare Disease Registry (RaDaR) (https://ukkidney.org/rare-renal/radar).  
¶ Has been reported before in 1 additional French family with slowly progressive CKD (2 individuals with 72y & 73y not yet in ESKD) (Dahan et al, 2003) 
¥ Generated using Varsome (Kopanos et al, 2019). 
† REVEL, rare exome variant ensemble learner (7) (a score > 0.75 corresponds to a sensitivity of ~0.5 and a specificity of ~0.95 for pathogenic variants in the training dataset). 
#Hot-spot of length 17 amino-acids has 9 missense/in-frame/non-synonymous variants (5 pathogenic, 3 uncertain, and 1 benign), which qualifies as a dense hot-spot (Ioannidis et al, 2016). 
Abbreviations: path., pathogenic; ben., benign; EGF-like, epidermal growth factor-like domain; D8C, cysteine-rich domain of unknown function. 
  

https://ukkidney.org/rare-renal/radar
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 Appendix Table S4: Clinical and biochemical parameters of UmodC171Y mice. 

Values are presented as average ± SEM. *P < 0.05, ***P < 0.001, versus age matched Umod+/+ mice. n: number of animals,  
FEUA: fractional excretion of uric acid, BUN: blood urea nitrogen.  
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 Appendix Table S5: Clinical and biochemical parameters of UmodR186S mice. 

Values are presented as average ± SEM. *P < 0.05 , **P < 0.01, ***P < 0.001 , #P < 0.0001 versus age matched Umod+/+ mice.  
n: number of animals, FEUA: fractional excretion of uric acid, BUN: blood urea nitrogen.  
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 Appendix Table S6: Clinical and biochemical parameters of UmodR186S/- mice. 

Values are presented as average ± SEM. *P < 0.05, **P < 0.01, ***P < 0.001, #P < 0.0001 versus age-matched Umod+/+ mice or Ϯ P≤0.05 
 versus age-matched UmodR186S/+ mice. n: number of animals, FEUA: fractional excretion of uric acid, BUN: blood urea nitrogen.  
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 Appendix Table S7: Clinical and biological parameters of 4-month Umod KI mice per gender. 

 
Values are presented as average ± SEM. One-way ANOVA with Tukey’s post hoc per gender. *P<0.05, **P<0.01, ***P<0.001, #P<0.0001 versus gender-matched Umod+/+ mice, n: 
number of animals, BUN: blood urea nitrogen. a2 samples were not available for analysis, b3 samples were undetectable. c1 sample was undetectable, d2 samples were undetectable. 
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 Appendix Table S8: Top 50 DEGs in UmodR186S/+ kidneys at 1 month. 

FDR: False discovery rate-adjusted P value (Benjamini-Hochberg correction).  
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 Appendix Table S9: Top 50 DEGs in UmodR186S/+ kidneys at 4 months. 

FDR: False discovery rate-adjusted P value (Benjamini-Hochberg correction).  
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Appendix Table S10: Top 50 DEGs in UmodC171Y/+ kidneys at 4 months. 

FDR: False discovery rate-adjusted P value (Benjamini-Hochberg correction).  
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Appendix Table S11: Top 50 DEGs in UmodR186S/+ compared to UmodC171Y/+ kidneys at 1 month. 

FDR: False discovery rate-adjusted P value (Benjamini-Hochberg correction).  
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Appendix Table S12: Top 50 DEGs in UmodR186S/+ compared to UmodC171Y/+ at 4 months. 
 

FDR: False discovery rate-adjusted P value (Benjamini-Hochberg correction).  
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Appendix Table S13: List of primary antibodies. 
 

  Target 
Antigen Host species Dilution Cat #  Registry ID Source 

Uromodulin Sheep 
IF 1:300 

K90071C AB_153128 Meridian Life 
Science WB 1:500 

GRP78 Rabbit 
IF 1:300 

ab21685 AB_2119834 Abcam 
WB 1:1000 

β-Actin Mouse WB 1:10000 A5441 AB_476744 Sigma-Aldrich 
Calnexin Rabbit IF 1:300 C4731 AB_476845 Sigma-Aldrich 

CD3 Rabbit IF 1:300 ab16669 AB_443425 Abcam 

PERK Rabbit WB 1:500 3192 AB_2095847 Cell Signaling 
Technology 

IRE1 (phospho 
Ser724) Rabbit WB 1:500 ab48187 AB_873899 Abcam 

IRE1-α Rabbit WB 1:500 3294 AB_823545 Cell Signaling 
Technology 

ATF4 Rabbit WB 1:500 ab105383 AB_10861973 Abcam 
eIF2α (phospho 

Ser51) Rabbit WB 1:250 3398 AB_2096481 Cell Signaling 
Technology 

eIF2α Rabbit WB 1:500 5324 AB_10692650 Cell Signaling 
Technology 

Lipocalin 2 
Rabbit IF 1:300 ab63929 AB_1140965 Abcam 
Goat WB 1:500 AF1857 AB_355022 R and D Systems 

Cleaved 
Caspase-3 Rabbit WB 1:250 9661 AB_2341188 Cell Signaling 

Technology 

Caspase-3 Rabbit WB 1:1000 9662 AB_331439 Cell Signaling 
Technology 

SQSTM1/p62 
Mouse WB 1:1000 ab56416 AB_945626 Abcam 
Rabbit IF 1:200 ab109012 AB_2810880 Abcam 

S6 Ribosomal 
Protein 

(phospho 
S235/236) 

Rabbit WB 1:500 4858 AB_916156 Cell Signaling 
Technology 

S6 Ribosomal 
Protein Rabbit WB 1:500 2217 AB_331355 Cell Signaling 

Technology 

LC3 Rabbit 
IF 1:300 

PM036 AB_2274121 MBL 
International WB 1:500 

GFP Goat WB 1:1000 AB0020 AB_2333100 SICGEN 

Ubiquitin Mouse WB 1:1000 sc-8017 AB_628423 Santa Cruz 
Biotechnology 

F4/80 Rabbit IF 1:300 70076 AB_2799771 Cell Signaling 
Technology 

LAMP1 Rat  IF 1:300  sc-19992 AB_2134495   Santa Cruz 
Biotchnology 

ATG5 Rabbit IF 1:300  ab108327   AB_2650499  Abcam 
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Appendix Table S14: Primers used for real-time RT-PCR analysis. 
Gene 

product 
Forward primer 

(5’-3’) 
Reverse primer 

(5’-3’) 

PCR 
Product 

(bp) 
Efficiency 

18S GTA ACC CGT TGA ACC CCA TT CCA TCC AAT CGG TAG TAG CG 151 0.98 ± 0.02 

36B4 CTT CAT TGT GGG AGC AGA CA TTC TCC AGA GCT GGG TTG TT 150 1.02 ± 0.02 
Acox1 CTG GTG GGT GGT ATG GTG TC GTG ACT CAC TTG GGC CTG AA 186 1.03 ± 0.03 
Acox2 AAG CCT CAT CCA ACG TGA CC AAT GCG TTC AGG ACC GTC TT 151 0.99 ± 0.02 
Acox3 CAT GTA CGA CTG GTC CCT GG CCC ATG ACT CAG TTC GGT GA 160 1.02 ± 0.03 
Acta2 TGT GCT GGA CTC TGG AGA TG GAA GGA ATA GCC ACG CTC AG 148 1.03 ± 0.02 
Actg1 TGC CCA TCT ATG AGG GCT AC CCC GTT CAG TCA GGA TCT TC 102 1.03 ± 0.04 

Adgre1 CCA GGA GTG GCT TTT GTC TC GGC TTG GAG AAG TCC TCC TT 152 0.97 ± 0.03 
Atf3 CCA GGT CTC TGC CTC AGA AG CCG ATG GCA GAG GTG TTT AT 151 0.98 ± 0.03 
Atf4 CAT GCC AGA TGA GCT CTT GA GGC AAC CTG GTC GAC TTT TA 145 0.96 ± 0.03 

Ccnd1 AGC AGA AGT GCG AAG AGG AG CAA GGG AAT GGT CTC CTT CA 149 0.98 ± 0.03 
Cd68 CCA ACA AAA CCA AGG TCC AG ATT GTA TTC CAC CGC CAT GT 152 1.03 ± 0.03 

Col1a1 GAT CTC CTG GTG CTG ATG GA GAC CTT GTT TGC CAG GTT CA 156 0.98 ± 0.03 

Col3a1 TCC TGG TGG TCC TGG TAC T TTG CCA GGA GAA CCA CTG TT 154 0.96 ± 0.04 
Cpt1a TGG CAG TCG ACT CAC CTT TC ACA CCA TAG CCG TCA TCA GC 166 0.98 ± 0.02 

Cpt2 TTG ACG CCA TTC AGT TTC AG GCA GTG CTG CAG GAT TCA TA 148 1.02 ± 0.03 
Cryab ACT TCC CTG AGC CCC TTC TA CTT GCC GTG GAC CTC AAT CA 186 0.98 ± 0.02 

Dnaja4 TGA AGG CAT CGG TGG GAA AA AGT TCT CAC AGC GGT CCT TG 176 1.02 ± 0.03 
Dnajb4 GAC CCT CCC GTC TCA AAC AA TGA TTT TGG TGC CTT CTT TCC AC 195 1.01 ± 0.02 

Ddit3 CCA GGA GGA AGA GGA GGA AG CCG CTC GTT CTC TTC AGC TA 148 1.02 ± 0.03 
Eif2a ATT ATC ACC ATC CCC GCC AC GCA GGC ACA GAC AGT CTC AT 166 0.97 ± 0.04 

Eif2ak3 GAC TGC GGA GAC AAC AGT GA GGA CGT TCC TTC CCT AGA CC 173 0.99 ± 0.02 
Fn1 GCA AGC CAG TTT CCA TCA AT CAT TTT TGG GAG TGG TGG TC 150 0.98 ± 0.02 

Gapdh TGC ACC ACC AAC TGC TTA GC GGA TGC AGG GAT GGG GGA GA 176 1.04 ± 0.03 
Hprt1 ACA TTG TGG CCC TCT GTG TG TTA TGT CCC CCG TTG ACT GA 162 0.99 ± 0.01 

Hsp90aa1 CCC GTG AAA TGC TGC AAC AA GTA CCG CAA CAG CTC TGA AAG 200 0.98 ± 0.03 
Hsp90ab1 GAC CTG CCC CTG AAC ATC TC GGC GTC GGT TAG TGG AAT CT 196 1.04 ± 0.02 

Hspa5 CAC TGT GGT ACC CAC CAA GA GCA GGA GGA ATT CCA GTC AG 149 1.01 ± 0.02 
Lcn2 ATG TCA CCT CCA TCC TGG TC GTG GCC ACT TGC ACA TTG TA 148 0.97 ± 0.03 

Lgals3 GCC TAC CCC AGT GCT CCT TTG CGT TGG GTT TCA CTG TG 151 0.98 ± 0.02 
Mki67 TGC AAA GGT AGA GGC TCC AT CAG GTA GGC CAG AGC AAG T 152 0.98 ± 0.03 

Nupr1 ACC CTT CCC AGC AAC CTC TA TGG AAC TTG GTC AGC AGC TT 187 0.97 ± 0.02 
Pcna TTG GAA TCC CAG AAC AGG AG ATT GCC AAG CTC TCC ACT TG 155 1.04 ± 0.03 
Ppia CGT CTC CTT CGA GCT GTT TG CCA CCC TGG CAC ATG AAT C 139 1.02 ± 0.02 
Ptprc GGA GAC CAG GAA GTC TGT GC GTT CTG GGC TCC TTC CTC TT 145 0.97 ± 0.03 

Retreg1 ACT TGA CCA GGC AGA GCT AG TTT ATC TGT GCT TCG CTG GC 160 1.01 ± 0.02 
Rtn3 AGA GTG TGC TTT CCC CTC TC TCC TCC TCC ACA GAC TGA GA 187 0.99 ± 0.01 

Sec61a1 CGT TGG TGG CCT GTG TTA CT CAC CAT CTG CTG CTC CTT CA 190 1.02 ± 0.03 
Sec62 TCT GGC CAG CAG AAA TGA GA CAG TCA GGT TTG GCA GGA AC 164 0.97 ± 0.02 

Slc12a1 ATT GGC CTG AGC GTA GTT GT AGC AAA GAT CAA GCC TAT TGA CC 150 1.01 ± 0.03 
Sqstm1 CCC CAA TGT GAT CTG TGA TG AAG GGG TTG GGA AAG ATG AG 127 0.99 ± 0.03 
Tgfb1 GTG GAA ATC AAC GGG ATC AG GTT GGT ATC CAG GGC TCT C 150 0.96 ± 0.03 
Tlr4 GTG GCC CTA CCA AGT CTC AG GAC CCA TGA AAT TGG CAC TC 154 1.01 ± 0.02 

Umod TCA GCC TGA AGA CCT CCC TA GAA AAG CCT CAG TGG ACA GC 156 0.99 ± 0.02 
Xbp1s GCC ATT GTC TGA GAC CAC CT AGC TGG GGG AAA AGT TCA TT 151 0.98 ± 0.04 
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Appendix Table S15: RNA-Seq quality and yield. 
Sample Genotype (Umod) Age (months) Yeld (Mbp) %Q30 Mean Q 

WT_1.1 +/+ 1 4'802 91.63 34.75 

WT_1.2 +/+ 1 6'401 90.87 34.47 

WT_1.3 +/+ 1 5'373 93.09 35.16 

C171Y_1.1 C171Y/+ 1 5'937 91.76 34.82 

C171Y_1.2 C171Y/+ 1 6'435 95.13 35.73 

C171Y_1.3 C171Y/+ 1 5'301 91.87 34.83 

R186S_1.1 R186S/+ 1 5'132 92.7 35.07 

R186S_1.2 R186S/+ 1 4.891 92.81 35.07 

R186S_1.3 R186S/+ 1 5'212 89.28 34.22 

WT_4.1 +/+ 4 6'592 90.15 34.45 

WT_4.2 +/+ 4 7'648 91.63 34.75 

WT_4.3 +/+ 4 8'959 93.77 35.42 

C171Y_4.1 C171Y/+ 4 6'932 92.41 35.01 

C171Y_4.2 C171Y/+ 4 9'851 93.28 35.36 

C171Y_4.3 C171Y/+ 4 7'213 92.23 34.97 

R186S_4.1 R186S/+ 4 6'392 91.81 34.79 

R186S_4.2 R186S/+ 4 6'809 91.74 34.72 

R186S_4.3 R186S/+ 4 5'311 91.77 34.98 

All reads have passed the Illumina chastity filter. %Q30, percentage of bases with quality score ≥30; Mean Q, prediction of the 
probability of a wrong base call. 
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