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Figure S1. Experimental design and pilot study of chronic AAV9-TTL treatment in mice in vivo. A) Plasmid
map of TTL-IRES-dsRed under the control of the human cardiac troponin T (cTnT; TNNT2) promoter
(PENN.AAV.cTNT.TTL.IRES.dsRed). B) Protocol: wild-type young adult male mice (6 weeks of age) received either
an adeno-associated virus serotype 9 (AAV9) encoding TTL-dsRed at a dose of 5.625E11 vg/g (N=6) or a sham
injection (N=6). After 6 weeks, ventricular myocardium was harvested and crude proteins were extracted C)
Representative Western blot and D) quantification of TTL, -tubulin (-tub) and detyrosinated tubulin (dTyr-tub),
normalized to GAPDH or -tubulin. Data are expressed as mean ± SEM. Statistical significance was assessed with
the unpaired Student’s t-test. E) Schematic linear representation of the vector expressing the HA-tagged human WT
TTL cDNA (AAV9-TTL; upper part) or nothing (AAV9-Empty; lower part) under the control of the TNNT2 promoter. F)
Experimental protocol of AAV9-mediated gene transfer in mice, including the number of Mybpc3-targeted KI and WT
mice used and the timeline of experiments. Abbreviations: N, number of mice; ns, non-significant, WB, Western blot.
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Figure S2. Generation and characterization of SVBP-KO and
TTL-KO hiPSC lines. A) Schematic of knock-out (KO) approach
for SVBP (left) and TTL (right) panel. B) Sequencing of KO DNA
clones. PCR fragments for amplicons internal (Int) and external
(Ext) of the large deletion are shown for SVBP-KO and WT DNA
(upper) and for TTL-KO and WT DNA (lower). Alignment of the
sequencing result for external fragments of the KO clones are
shown on the right, confirming large, homozygous deletions (9,352
bp for SVBP-KO and 20,604 bp for TTL-KO. C) Nanostring
karyotype panel analysis for WT and KO cell lines. D)
Measurement of pluripotency by flow-cytometry SSEA-3 staining
of hiPSC cultures. RT-qPCR results for E) SVBP and F) TTL
mRNA levels in 30-day-old WT and KO hiPSC-derived
cardiomyocytes (N=3). Data are expressed as mean ± SEM, with
P values obtained with Brown-Forsythe & Welch ANOVA test and
Dunnett’s T3 multiple comparisons test. Abbreviations: N, number
of samples; ns, non-significant (P>0.05); P, adjusted P-value.
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Figure S3. Evaluation of the cardiac phenotype by echocardiography overtime and tissue weights in female
mice. Three-week-old wild-type (WT) and Mybpc3-targeted knock-in (KI) mice were included and received either
AAV9-Empty (no insert) or AAV9-TTL (HA-tagged human tubulin tyrosine ligase). (A-J) Selected echocardiographic
parameters overtime for A) Cardiac output (CO) and B) Left ventricular mass to body weight (LVM/BW) ratio overtime.
After 12 weeks, parameters of C) CO, D) Stroke volume (SV), E) Ejection fraction (EF), F) LV area in diastole, J) LV
area in systole. Difference between parameters obtained at 12 weeks and day 0 () for G) CO, H) SV and I) EF. (K-R)
Cardiac tissue weights in relation to body weight (BW) or tibia length (TL): K) BW, L) Ventricular weight (VW), M) Heart
weight (HW), N) VW/BW, O) HW/BW, P) TL, Q) VW/TL and R) HW/TL. Data are expressed as mean ± SEM. N = 7
(WT-Empty), 9 (KI-Empty) and 6 (KI-TTL), except in panels P-R where 1 WT-Empty TL was broken. Statistical
significance was assessed vs KI-Empty by fitting a mixed-effect model with the Geisser-Greenhouse correction (panels
A and B) or by one-way ANOVA (panels C-R), each followed by Dunnett’s multiple comparisons test. Abbreviations: N,
number of mice; ns, non-significant (P>0.05); P, adjusted P-value.
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Figure S4. mRNA quantification in mice with the nanostring technology. Quantification of levels of
mRNAs encoding protein dysregulated in heart failure or involved in microtubules and autophagy using the
nanostring nCounter Elements technology and customized mouse-specific panels in A) KI-Empty vs WT-Empty
and B) KI-TTL vs KI-Empty (p<0.05; N=7 (WT-Empty), 9 (KI-Empty) and 6 (KI-TTL)). Data are expressed as
log2 ratio, which represents the difference in log2 mean value in tested samples vs reference mean, which was
set to 0. Statistical significance was assessed with the unpaired Student’s t-test for each gene of interest and
only significantly dysregulated genes are shown. Abbreviations: N, number of female mouse myocardial
samples.
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Figure S5. Selected proteome and transcriptome analysis in mice. A) Dot plot of GO pathway enrichment based
on MS analysis of cytosolic LV protein fractions with significantly overrepresented pathways (Padj<0.05) in KI-Empty
vs WT-Empty (log2 ratio >0.58). The dot size is proportional to the number of gene or protein counts, the x-axis shows
the gene or protein ratio, and the heatmap colour shows the extent of adjusted P-value (Padj) from the lowest (orange)
to the highest (blue). B) Heatmap of log2 ratio of tubulin isoforms in KI-Empty vs. WT-Empty and in KI-TTL vs. KI-
Empty in the insoluble protein fraction. Padj were <0.05 only in KI-Empty vs. WT-Empty C) Correlation of dysregulated
proteins with their mRNA levels in KI-Empty vs WT-Empty. D) Correlation of proteins and mRNA levels in KI-TTL vs.
WT-Empty. Data from RNA-seq were obtained from 3 female mice per group, whereas data obtained from mass
spectrometry analysis were obtained from N = 11 (WT-Empty), N=9 (KI-Empty) and N=10 (KI-TTL). Abbreviations: LV,
left ventricular; N, number of mice; Padj, adjusted p-value.
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Figure S6. Quantification of levels of mRNAs encoding protein of the cardiomyocyte
sarcomere in 30-day-old hiPSC-derived cardiomyocytes. Wild-type (WT), SVBP-KO
and TTL-KO human iPSC lines were differentiated in cardiomyocytes and maintained for 30
days in complete medium. Extraction of RNA was performed (n=3 per group), pooled and
analyzed with the nanostring nCounter Elements technology and a customized human-
specific sarcomeric panel. Data are expressed as fold-change over the mean of WT (not
shown). Overall, no major difference in the gene expression level was observed for all
analysed sarcomeric genes between SVBP-KO and TTL-KO when compared to WT. These
data support the high and not different percentage of TNNT2+ cells as determined by FACS
analysis between the groups.
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Figure S7…. Continued on next page with the legend
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Figure S7. GO pathway enrichment analysis in RNA-seq and mass spectrometry in hiPSC-derived engineered
heart tissues (EHTs). Dot plot of GO pathway enrichment map based on RNA-seq with significantly overrepresented
pathways (Padj<0.05) in A) WT-EHTs cast on stiff vs. standard posts (log2 ratio>0.58, N=3 per group), B) SVBP-KO vs.
TTL-KO cast on stiff posts (log2 ratio>0.58, N=2 vs. 3, respectively) and C) TTL-KO vs. SVBP-KO cast on stiff posts
(log2 ratio>0.58, N=3 vs. 2, respectively). One SVBP-KO sample was excluded from the analysis. Dot plot of ALL
pathway enrichment map based on MS analysis with significantly overrepresented pathways (Padj<0.05) in D) WT-
EHTs cast on stiff vs. standard posts (log2 ratio>0.58, N=3 per group), E) SVBP-KO vs. TTL-KO cast on stiff posts (log2
ratio>0.58, N=3 per group) and F) TTL-KO vs. SVBP-KO cast on stiff posts (log2 ratio>0.58, N=3 per group). The dot
size is proportional to the number of gene or protein counts, the x-axis shows the gene or protein ratio, and the
heatmap colour shows the extent of adjusted P-value (Padj) from the lowest (orange) to the highest (blue).
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Table  S1…. Continued on next page
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Table  S2…. Continued on next page
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Uncut Gels, Ponceau and Blots
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Uncut immunoblots (Figure 1B)

Uncut immunoblots and Ponceau (Figure 4A)
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Uncut immunoblots and Ponceau (Figure 4B)
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Uncut SYPRO Ruby stained gel (Figure 4E)

N2BA
N2B

T2

MHC

TTL

Ponceau

Uncut immunoblot and Ponceau (Figure 6A)

21



Uncut immunoblots and Ponceau  (Figure 7B)

α-tubulin

GAPDH

dTyr-tub

GAPDH

Ponceau

Ponceau

22



Uncut immunoblots (Figure  S1C)
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