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The following statement has been added in the data availability section: "All other data generated and/or analyzed are available within the manuscript and its
supplementary information files. Source data are provided as a Source Data file."

Sample size for murine experiment was based on a t-test to test for differences in ECG parameters. A study with an effect size of 0.25 and a
power of 80% required a minimum of n = 5 independent biological replicates per group, to test this difference at 5% significance using a two-
tailed test.

No data was excluded in this study.

Replications are mentioned in figure legends and the Statistics analysis section of the Methods. Technical and experimental replicates
performed are noted in figure legends. Experiments were repeated a minimum of 3 times using biologically independent specimens (in vivo
studies) or 3 times in technically independent replicates (in vitro studies). All attempts at replication produced similar results.

For all murine experiments, mice were randomized to different treatment groups prior to experimental treatment.

For all none murine in vitro experiments, all cell culture wells were randomly allocated into different experimental and treatment groups prior
to any drug treatment and viral transduction.

For ECG measurements, all investigators were blinded for data collection and analysis.

For AAV injections, the animal surgeon was blinded to treatment allocations. Single CM isolation, tissue processing and image acquisition were
performed by individuals blinded to group allotment.

Primary antibody:

anti-sarcomeric !-actinin (Sigma, a7811)

anti-vimentin (Abcam, ab92547)

anti-Cx43 (LSBio, LS-B9770)
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Commonly misidentified lines
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Animals and other organisms
Policy information about studies involving animals; ARRIVE guidelines recommended for reporting animal research

Laboratory animals

Wild animals

anti-HCN4 (Alomone, APC-052)

anti-cardiac troponin T (Sigma, ab45932)

anti-HA tag (Cell Signaling Technology, C29F4)

Secondary antibody:

Chicken anti-Mouse IgG (H+L) Cross-Adsorbed Secondary Antibody, Alexa Fluor 488 (Thermo Fisher Scientific, A-21200/A-21441)

Chicken anti-Mouse IgG (H+L) Cross-Adsorbed Secondary Antibody, Alexa Fluor 594 (Thermo Fisher Scientific, A-21201/A-21442)

Chicken anti-Mouse IgG (H+L) Cross-Adsorbed Secondary Antibody, Alexa Fluor 647 (Thermo Fisher Scientific, A-21463)

Donkey anti-Rabbit IgG (H+L) Highly Cross-Adsorbed Secondary Antibody, Alexa Fluor Plus 594 (Thermo Fisher Scientific, A-32754)

Donkey anti-Rabbit IgG (H+L) Highly Cross-Adsorbed Secondary Antibody, Alexa Fluor Plus 647 (Thermo Fisher Scientific, A-32795)

Alexa Fluor 488-conjugated phalloidin (Thermo Fisher Scientific, A12379)

Alexa Fluor 647-conjugated phalloidin (Thermo Fisher Scientific, A22287)

DAPI (Sigma, D9542)

Primary antibody:

anti-sarcomeric !-actinin (Sigma, a7811): Validation was stated on the manufacturer's website and confirmed for IHC and WB using
human and rat muscle. Species reactivity: fish, snake, frog, goat, hamster, pig, canine, mouse, feline, chicken, lizard, bovine, human,
sheep, rat, rabbit. Suitable for immunohistochemistry, ELISA, immunofluorescence and western blot.

anti-vimentin (Abcam, ab92547): Validation was stated on the manufacturer's website and confirmed for IF, IHC and WB using
human, mouse and rat samples and knockout-validation. Species reactivity: Mouse, Rat, Human, African green monkey. Suitable for:
Flow Cyt (Intra), ICC/IF, WB, IHC-P.

anti-Cx43 (LSBio, LS-B9770): Validation was stated on the manufacturer's website and validated for IF, IHC and WB. Confirmed for IHC
using human samples. Species reactivity: Rat, Human, Monkey, Mouse, Dog (tested or 100% immunogen sequence identity). Suitable
for IHC, IHC-P, IF, WB.

anti-HCN4 (Alomone, APC-052): Validation was stated on the manufacturer's website. Knockout validation in mouse heart. Species
reactivity: Mouse, Rat, Human. Suitable for ICC, IF, IHC, IP, WB.

anti-cardiac troponin T (Abcam, ab45932): Validation was stated on the manufacturer's website and tested for IHC, ELISA and WB.
Species reactivity: Human. Suitable for IHC, WB.

anti-HA tag (Cell Signaling Technology, C29F4): Validation was stated on the manufacturer's website. Validated using SimpleChIP®
Enzymatic Chromatin IP Kits. Species reactivity: All species expected. Suitable for W, IP, IHC, ChIP. IF, F, E-P.

Secondary antibody:

Alexa Fluor 488 (Thermo Fisher Scientific, A-21200/A-21441): Validation was stated on the manufacturer's website. Suitable for:
lmmunohistochemistry (IHC), lmmunocytochemistry (ICC/IF).

Alexa Fluor 594 (Thermo Fisher Scientific, A-21201/A-21442): Validation was stated on the manufacturer's website. Suitable for:
lmmunohistochemistry (IHC), lmmunocytochemistry (ICC/IF).

Alexa Fluor 647 (Thermo Fisher Scientific, A-21463): Validation was stated on the manufacturer's website. Suitable for:
lmmunohistochemistry (IHC), lmmunocytochemistry (ICC/IF).

Alexa Fluor 488-conjugated phalloidin (Thermo Fisher Scientific, A12379): Validation was stated on the manufacturer's website.
Suitable for: lmmunohistochemistry (IHC), lmmunocytochemistry (ICC/IF).

Alexa Fluor 647-conjugated phalloidin (Thermo Fisher Scientific, A22287): Validation was stated on the manufacturer's website.
Suitable for: lmmunohistochemistry (IHC), lmmunocytochemistry (ICC/IF).

DAPI (Sigma, 1:300): Validation was stated on the manufacturer's website. Suitable for fluorescence.

HEK293T (ATCC, CRL-3216)

HEK293 (ATCC, CRL-1573)

hiPSCs were reprogrammed from BJ fibroblasts (ATCC cell line, CRL-2522) at the Duke University iPSC Core Facility and named
DU11 (Duke University clone #11)

HEK 293, HEK293T cells were authenticated by vendors by STR profiling.

hiPSCs were authenticated by standard tests, including pluripotency testing with pluripotency marker expression using IF and
FACS, karotyping to confirm genomic integrity, and teratoma formation.

Mycoplasma testing was performed routinely in the lab. All cell lines tested negative.

No commonly misidentified lines were used in this study

Male 6 –10 week old CD-1 mice (Charles River Laboratories, Wilmington MA)

Male and female 2-day-old Sprague-Dawley rats (Charles River Laboratories, Wilmington MA)

All mice were housed in 12-hour light/dark cycles, at ambient temperatures of 70-74 degrees Fahrenheit, at a humidity range
between 30-70%, and with access to food and water ad libitum, in accordance with animal study guidelines at Duke University.

No wild animals were used in this study




