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Figure S1: Mitochondrial network in ECs, iPSCs, andESCs; Mentioned in first and second Result section
Adherent ECs (umbilical vein (hUVEC) and saphenwveism (hSVEC)), iPSCs of early and late passage, and
ESCs were seeded on gelatine or Geltrex coated glager slides, cultured for 2-3 days in EMG2 or E8
medium, fixed with PFA, stained with anti-ATPIF1 TR synthase subunit IF1) antibody and DAPI nuclear
staining, and analyzed by fluorescence microsc@®ustures of different representative donors anchetoare
shown. Mitochondria are displayed in green andeiwgthining in blue. Scale bar 50um.
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Figure S2: No detectable effect of specifisD5 mutations on the functionality of undifferentiated iPSCs;
Addressed in first Result sectioniPSC clones with putatively actionabldD5 mutations at an intermediate
heteroplasmy level (D#37 hSVEC C10 with m.12686Tat®eteroplasmy level of ~23% and D#3 hUVEC C2
with m.13099G>A and ~38% heteroplasmy) and thairesiiPSC clones witholND5 mutations derived from
the same parental cell population were analyzedatdd iPSC clones are marked withA*Population doubling
calculated as time in days needed for doublingetif mumber measured by cell counting. Cell numlveese
determined over 8-12 passages. N = 8-12 indeperma@diritarvests each with 3 technical replicatesaMwith
SD. Tested for significant differences by One-wayoda with Tukey's Multiple Comparison TeB.mtDNA
copy number per iPSCs. Mean with SD. N = 2-4. Ngnificant differences (One-way Anoval Yield
coefficient of lactate from glucose. Mean with SEC N = 2-3 and iPSC N = 3-4 biological replicatastewith
2-3 technical replicates. Statistical analysis wped using One-way AnovaD-E Determination of
mitochondrial content (MitoTracker), membrane ptildn(TMRM), and reactive oxygen species (ROS Brite
670) per cell via live cell staining and flow cytetric analysisD Quantification calculated as geometric mean
of fluorescence intensity of staining-positive plgions. Mean with SD. EC N = 4; iPSC N = 8 inclugli4
independent batches of cells of mutated and 4 &f-type clones. * indicates significant differenbetween
groups (p-value < 0.05; Unpaired two-tailed t-test nonparametric two-tailed Mann Whitney tesB.
Comparison of metabolic features of mutated agawiki-type iPSC clones. Plot displays the deviatimin
values measured in mutated iPSC clones from theegah their wild-type counterparts quantified Bometric
mean of fluorescence intensity and normalized tmchiondrial content (MitoTracker geometric meankgad



with SD. N = 7. Statistical analysis: Wilcoxon sgghrank test for derivation from hypothetical vahfel. F
Gene expression analysis in iPSC clones and péregita for genes involved in metabolisnm{{OR, ND5,
PDK1, PGC1la, PGC1lb, PRKAA1), mtDNA replication and transcriptiofPQLG2, TFAM, NRF1), mitochondria
dynamics MFN1, OPA1, DNML1), and mitophagyRINK1, PRKN) using qRT-PCR. Expression of all genes
were normalized against housekeeping gene expressid is displayed relative to control iPSC cloré3D
hSVEC C4 (upper graph) or parental cells (D#37 h6\HEE) (lower graph). Mean with SD; N = 3. Statiatic
analysis: One-way Anova with Tukey's Multiple Comripan Test for significant differences of gene egsion

in iPSC clones compared to parental cells (p-valu8.05). No significant differences in gene expi@ss
between iPSC clones (One-way Anova with Tukey'stidié Comparison).
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Figure S3: Intermediate heteroplasmy level of putavely actionable ND5 mutation does not alter
differentiation potential of iPSCs into CMs; Mentioned in third Result section.2 mutated iPSC clones
(marked with *; D#3 hUVEC C2 and D#37 hSVEC C10gte&arbor a different putatively actionable mutatio
in ND5 at intermediate heteroplasmy level and their isggsister iPSC clones were differentiated into CMs
Differentiation efficiency quantified by positivaagning for cTnT (Troponin-T), MF20 (MYH1E), and AS
(Sarcomerica-actinin) and flow cytometry analysis at differetion day (dd) 14. Mean with SD. N = 5-10
independent differentiations. Statistical analyKiriskal-Wallis test withDunn's Multiple Comparison TedB.
MtDNA copy number per CM determined at dd12-20. Medth SD. N = 1 or 3 differentiations with
differentiation efficiencies > 80% CM-marker pogiticells.C CM at dd15 were seeded on fibronectin/gelatin
(50ug/ml in 0.02% gelatin) coated glass cover slideiltured for 3 days in differentiation mediunxefl with
PFA, stained with anti-ATPIF1 (ATP synthase subuirit) antibody (green) and DAPI nuclear stainintué¢,
and analyzed by fluorescence microscopy. Scal®®am.
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Figure S4: Impact of specificND5 mutations on CM functionality; Addressed in third Result sectioniPSC
clones with putatively actionabMD5 mutations at an intermediate heteroplasmy levelrked with *; D#37
hSVEC C10 with m.12686T>C at heteroplasmy leve28% and D#3 hUVEC C2 with m.13099G>A and
~38% heteroplasmy) and their sister iIPSC clonesvelérfrom the same parental cell population were
differentiated into CMs.A Determination of mitochondrial content (MitoTracke membrane potential
(TMRM), and reactive oxygen species (ROS Brite 6@8) cell via live cell staining and flow cytometri
analysis. Comparison of metabolic features of nedtatgainst wild-type iPSC-derived CMs. Plot displdye
deviation of values measured in CMs derived of mewtaPSC clones from the values in their wild-type
counterparts quantified by geometric mean of flaoeamce intensity and normalized to mitochondriaitent
(MitoTracker geometric mean). Mean with SD. N =.4/&lues do not deviate significantly from hypotbak
value of 1 (Wilcoxon signed-rank tesB.Relative quantification dlD5 expression in parental endothelial cells
(EC), iPSC clones and iPSC-derive CMs at diffeaditth day (dd) 5 and 15 using gRT-PCR. For eachplam
expression ofND5 was normalized against housekeeping gene expressid is displayed relative to D#37
hSVEC EC. Mean with SD; iPSC N = 3; CM N = 1&F Bioartificial cardiac tissue (BCTs) were generated
and active forces were measur€dRepresentative pictures of one BCT. Scale bar B0@uDiameter of BCT
measured over course of BCT generation. Mean H\6B5-7 BCTs; 1-2 differentiations (biological regaltes).

E Active forces. Mean = SD; N = 1-15 BCTs; 1-2 diffetiations. Control N = 44 BCTs from 9 independent
differentiations of 3 standard clonal iPSC linEsMaximum active force. Mean + SD; N = 1-15 BCTs2 1-
differentiations.
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Figure S5: Establishment of our mtDNA sequencing aggroach; Related to Experimental Procedures
section. A Workflow including cell reprogramming, sequenciagd sequencing data analysi. mtDNA
enrichment by plasmid isolation and long-range P&#®plification for mtDNA sequencing. mtDNA copy
number is measured relative to gDNA copy numbegratital DNA isolation, which represents normaluar
proportion of mtDNA and gDNA, after plasmid isotati and after additional long range PCR amplifmatof
MtDNA. N = 12.C Receiver operating characteristic (ROC) curve wth as discrimination threshold (AF
0.005, AF 0.01, AF 0.02, AF 0.04, AF 0.06, AF 0.8&; 0.1, AF 0.5, AF 1)D A choice of variants with very
low variant allele frequencies in iPSC clones ang¥arental cells were additionally investigatediwlally
within their genetic context by inspecting and ding sequencing reads directly. The plot shows AReof
single nucleotide variants (SNVs), calculated frone number of reads with variant, in red againg th
background of reads with the non-reference andriantinucleotide exemplarily for 27 loci.



Table S1: Variants detected by mtDNA sequencing; Rated to Table 1.List of all variants detected by
MtDNA sequencing of 26 iPSC clones at early pasgagaverage p6.5), of additional 7 of the iPSGekat
intermediate (p30) and high (p50) passage, of te cbrresponding parental cell populations, and
cardiomyocytes differentiated off 4 of the iPSCnae during differentiation process at differentintday (dd)
0, dd5, and ddi15. Variants were divided into groapsl categories: Variants of group A, non-transditt
variants, were detected only in parental cell papohs. Group B variants were homoplasmic in palecgl|
population and iPSCs derived thereof. Group C,rbptasmic variants were detected in an iPSC cloitie AF

> 0.02 at any passage but were less frequent ircohesponding parental cell population. A finabyp
comprises variants found heteroplasmic in diffaegatl cardiomyocytes. Those variants basically fglo the
group of heteroplasmic variants that were transditto cardiomyocytes during differentiation. Vatmrof
category 1 are haplotype variants defining a haplag. Category 2 variants are polymorphisms anthdéfby

a population variant frequency (MITOMAP (NCBI Gentd) > 0.02. Category 3 variants are donor-specific
variants which were unique to a donor and raréhéngopulation context. heteroplasmic variants wWerther
divided into the groups of amplified variants (whimcrease in heteroplasmy level of > 10 fold dgriRSC
culture expansion), stable variants (with fold dmr1), purified variants (decreased by > 10 fdldgtuating
variants (change of heteroplasmy level did notvalmnfident classification in one of the above nmmd
groups), and “nd in p30-50" variants (iPSC clones analyzed in high passages). Identification gilbigpe
variants and polymorphisms was based on HaploGEpBI GenBank variant frequency (obtained from
MITOMAP), and HmtVar. Variant effect prediction wpsrformed, based on a consensusaflico prediction
algorithms obtained from snpEff impact, CADD, Cohdsd HmtVar.The output of each tool for each variant
is presented in the respective columns and varidassified as putatively actionable by a harmfesignation
by snpEff (high impact which indicates frame shiftitations) or at least by two of the other alganithare
marked in red in the consensus column. A choiceaofants with very low variant allele frequenciesiPSC
clones and/or parental cells were additionally stigmted individually within their genetic conteéyt inspecting
and counting sequencing reads directly. Variaml@lfrequencies that were determined using thiauetre
underlined in yellow. (); existence of variant imrpntal cell population or iPSC clone not confirmeith
statistical confidence (p-value > 0.05).

Supplemental excel file

Table S2: Manual determination of very low variant allele frequencies; Related to Experimental
Procedures section and mentioned in first Result sgon.

A Manual determination of very low variant alleledquencies of single nucleotide variants (SNVs). Tdide
lists SNVs and their allele frequencies in iPSCne® and parental cell population determined byviddal
examination of variants within their genetic contdResults are displayed as the number of readsegpective
nucleotide embedded in an 11bp sequence. The nufbbeeference allele reads are given in bold, &ord
variant allele reads in red. Average local err¢egaalculation and results, statistical test tesak well as local
detection limits are presented.

B Manual determination of very low variant allele dtuencies of small insertionhe table lists the small
insertions and their allele frequencies in IPSOhef and parental cell population determined byviddal
examination of variants within their genetic conteResults are displayed as the number of readshior
reference (bold) and variant sequence (red) emiokeiddan 11bp sequence.

Supplemental excel file



Table S3: Karyotype analysis of parental cells andPSC clones; Mentioned in second Result section.

(79 years

Sample Karyotype | Sample | Karyotype
Neonatal donor:
Parental cells iPSC clone:
Early passage (~p8) Late passage (~p5:
D#1 hUVEC CZ 46,XX[10] Not analyze
D#1 hUVEC 46,XX[15] D#1 hUVEC Ct 46,XX[10] Not analyze
D#1 hUVEC C¢ 46,XX[10] Not analyze
D#2 hUVEC 46,XX[15] D#2 hUVEC C4 46,XX[10] Not analyze
D#3 hUVEC C1 46,XX[15] 46,XX[20]
D#3 hUVEC 46,XX[15] D#3 hUVEC CZ Not analyze 46,XX[15]
D#4 hUVEC Not analyze D#4 hUVEC C1 46,XY[15] Not analyze
D#5 hUVEC Not analyze D#5 hUVEC C1 46,XX[12] Not analyze
D#6 hUVEC Not analyze D#6 hUVEC CZ 46,XY[12] Not analyze
Aged donors
Parental cells iPSC clone:
Early passagt (~p8) Late passag (=p52
. +
5451 hSVEC 47XV, +12[3]/ D#31 hSVEC C: 47,le(,7 i\z([i(i]zlégﬁﬂs] Not analyze
46,XY,del(13)(q21q31)[2] D#31 hSVEC C3 PO - Not analyzed
(64 years) 46,XY[10] 48,idem,+mar|z
’ D#31 hSVEC C¢ 47, XY,+12[14 Not analyze
D#37 hSVEC 46,XY[10] D#37 hSVEC Ct 46,XY[10] Not analyze
(73 years) ' D#37 hSVEC C1( Not analyze 46,XY[26]
D#38 hSVEC C! 46,XY[10] Not analyze:
D*{gg L‘ES;'SE)C 46,XY[10] D#38 hSVEC Ct 46.XY[10] Not analyze
D#38 hSVEC C¢ 46,XY[10] Not analyze
D#40 hSVEC 46,XY[10] D#40 hSVEC C4 46,XY[10] Not analyzed




Table S4: Primer list; Related to Experimental Proedures section.Primer sequences for mtDNA copy
number determination by qRT-PCR and whole mtDNA Idinption for mtDNA sequencing.
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GGC CTT CTT ATT GCT TAG TCTTCT CCC TTC
LYZL4 GAG GTT C CTG TCT G¢ 123 | 66| Copy number
TCT CCATTC CCT ATG GTT CCC GCA GAATGG
PTBP2 TTC ATG C TGA GGT C 114 | 65| Copy number
TGC TGACCATCT TTG TTC AGG CTC TCT TGT
GKN2 GGA TAC ACC TTC C 112 | 60| Copy number
mtDNA CCA CTG TAA AGC TAA GTG ATG AGG AAT AGT 143 | 63| Copy number Andréasson,
829¢ CTT AGCATT AACC GTA AGG AGT ATG C Py BioTechnigues. 20(
CGT TCA AGC TCA ACA GTT TTA ATC TGA CGC
RNRZ | coc acT AC AGG CTT ATC 156 | 62| Copy number
ND1 ATA CCC ATG GCC AAC | TTC ATA GTA GAA GAG 259 | 62| Cooy number Wurmb-Schwark,
CTCCTAC CGA TGGTGA GAG Py Forensic Sci Int. 20(
F2480A/R | AAA TCT TAC CCC GCC AAT TAG GCT GTG GGT 8379 | 54 Whole mtDNA | McElhoe, Forensic Sci
10858/ TGT TT GGT TC amplificatior Int Genet. 201
F10653B/ | GCC ATACTAGTCTTT GGC AGG TCAATT TCA 8605 | 54 Whole mtDNA | McElhoe, Forensic Sci
R2688E GCC GC( CTG G1 amplificatior Int Genet. 201
PINK1 .?.?:‘ CGCTETTCCTCG é-l(;CA TGC GAT CAC CAG 218 | 63| Gene expressign Gegg, PLOSone. 20(
GCA TCT TCC AGC TCA CTTTTC TCC ACG GTC . . .
PRKN AGG AG TCT GC 165 | 64| Gene expressign Li, J Clin Med. 2018
TGT TTT GGT CGC AAA CTG TCT GCG TAC GTC . . .
Mfnl CTCTC TTC CA 160 | 56| Gene expressign Cartoni, J Physiol. 20
GTG CTG CCC GCC TAG | AGA CTG GCAGACCTC .
OPAl1 AAA ACA GG 282 | 65| Gene expressign
AGG AAG GAG GCG AAC | TGC TCT GCG TTC CCA .
DNM1L TGT G CTAC 185 | 65| Gene expressign
GCAGTCCTCATT GGA |TTGTGG TGTCTC TGC .
POLG2 ACA ACT TTC TCA 122 | 60| Gene expressign
ATG GCG TTT CTC CGA CAG ATG AAA ACC ACC . .-
TFAM AGC AT TCG GTA A 133 | 61| Gene expressign Prigione, Stem cell. 2
AAC AAA ATT GGG CCA TCT GGA CCA GGC CAT . -
NRF1 CGT TAC A TAG CA 291 | 62| Gene expressign Prigione, Stem cell. 2
CAG CCG AGA AGC AGA | TTT GCC AAC CTT CAC .
PRKAA1 AAC AC TTT GC 101 | 60| Gene expressign
TCA GTC CTC ACT GGT TGC TTC GTC GTC AAA . . .
PGC1A GGA CA AAC AG 351 | 61| Gene expressign Cartoni, J Physiol. 20
TAT GTG CTC CGG GTC | CAG GGA GGT AGC GAT . | Amstrong, Stem cell.
ND5 CATC GAG AG 235 | 63| Gene expressiq o1
GGACGC TGT TCCTCG | GGATGT TGT CGG ATT . | adapted Gegg, PLOSon
PINK1 TTA TG TCA GC 171 | 65| Gene expressiqg oos
TTC GGA TCA GTG AAT ACC AAT TGA ACG GAT . | Vengellur, Physiol
PDK1 GCT TC GGT G1 137 | 56| Gene expressiqg ngenomics. 20¢
mTOR AGG CCG CAT TGT CTC | GCA GTA AAT GCA GGT 80 | 62| Gene expressia adapted Lv, Cell Physio
TAT CA AGT CAT CC Pressi®Biochem. 201
CCT TGT GTT AAG GCG CCG AGG TGA GGT GCT .
PGC1B GAC AG TAT GTA G 157 | 62| Gene expressign
ATG CAT CCC CACTTA CCA GAG GGC AGA ACT . . .
Mfn2 AGC AC TTG TC 301 | 62| Gene expressign Cartoni, J Physiol. 20
GGC ACA GCC ATG GGA | TCG AAC TTG GGT GGG .
3-MHC GATTC TTC TGC 263 | 60| Gene expressign
CCG TGA AGG GAT AAC | ACT TGG GTG GGT TCT .
a-MHC CAG GGC GCT GC 281 | 60| Gene expressian
GCT GCC AAG GCT ACC | GAC GTG CTT GTT GAG .
PLN TAA AAG GCA TTT 182 | 60| Gene expressign
AGA ACT TAC ACA CGC CAT CTC TAA CCG GAC .
RYR2 GAC CTC CAT ACT GC 199 | 60| Gene expressign
Troponin | TTC ACC AAA GAT CTG TTATTACTG GTG TGG 166 | 60! Gene exoressidn
(TNNT2) | CTC CTC GC AGT GGG TGT G( p
CX43 Gap junction protein, alpha 1, 43kDa (Bio Rad; &@0025636| 13( | 6C | Gene expressit
CCATCT TCC AGG AGC | GCA GAG ATG ATG ACC .
GAPDH GAG ATC CTTTTG C 145 | 61| Gene expressign
RPL13A CGC CCT ACG ACA AGA | CCT GGT ACT TCC AGC 123 | 61| Gene expressidn




Table S5: Variants with minimum AF of 0.02 can be dtected in sequencing replicates with repetitious
accuracy; Related to Experimental Procedures sectio Comparison of variant allele frequencies (AF) in
early passages (p6) of three iPSC clones (D#3 hUZBRCD#3 hUVEC C2, and D#37 hSVEC C10) and in
samples of differentiation day (dd) O from targetaddiomyocyte (CM) differentiations of the respeetclones
(upper part). The dd0 samples of these CM difféagions for which differentiation was initiated @6 represent
basically independent replicates (including segasample preparation and sequencing) of the setpgeotthe
corresponding iPSC clones. Absence of substargiaation in the heteroplasmy levels between dd®, dahd
dd15 samples of CM differentiations of differenSiP clones (lower part) rebuts a role of amplificatand
sequencing artefacts.

q iPSC Variant allele Fold
Variants Donor o frequency change delta AF
p6.t ddC
m.12020C> D#37hSVEC C1C 0.02¢ 0.027 1.04 0.00
m.12686T>( D#37 hSVE( C1c 0.22¢ 0.20¢ 1.17 0.02
m.72T>C D#3 hUVEC c2 0.92¢ 0.94¢€ 1.02 0.02
m.5192A>(C D#3 hUVEC Ci 0.01¢ 0.027 147 0.01
m.5894_5895ins D#37 hSVE( C1c 0.97¢ 0.971 1.01 0.01
m.13099G>/ D#3 hUVEC C2 0.374 0.362 1.03 0.01
m.4193T>( D#3 hUVEC Ci 0.044 0.01c 3.4¢ 0.03
m.5450C>" D#3 hUVEC c2 0.02¢ 0.02C 141 0.01
Variants Donor ::'Ijosni Variant allele frequency cEngg ¢ | delta AF
ddc dde ddit
m.72T>C D#3 hUVEC c2 0.94¢ 0.94¢ 0.967 0.99 0.01
m.297A>C D#37 hSVE( C4 0.071 0.077 0.07¢ 0.9¢ 0.00
m.4193T>( D#3 hUVEC C1 0.012 0.01C 0.014 0.9€ 0.00
m.5192A>(C D#3 hUVEC Ci 0.027 0.024 0.02z 1.13 0.00
m.5450C>" D#3 hUVEC c2 0.02C 0.017 0.01¢ 111 0.00
m.5894_5895ins D#37 hSVE( C1c 0.971 097z 0.967 1.0C 0.0¢
m.6316A>( D#37 hSVE( C4 0.032 0.02¢ 0.032 0.99 0.00
m.10569G>/ D#3 hUVEC C2 0.014 0.01€ 0.01z 1.0¢ 0.00
m.12020C> D#37 hSVE( C1C 0.027 0.032 0.02¢ 0.98 0.00
m.12686T>( D#37 hSVE( C1c 0.20z 0.18¢ 0.20¢ 1.0C 0.01
m.13099G>/ D#3 hUVEC c2 0.365 0.35¢ 0.364 1.0C 0.00

Table S6: Antibody and dye list; Related to Experinental Procedures section.

Antibody / Dye Host / Isotype | Dilution Company Application
ATPIF1 Mouse IgG: 1:20( Thermo Fisher Scienti Immunofluorescenc
Anti-mouse Ig(-Alexa Fluor 48 Donkey 1:20( Jackson ImmunoResea Immunofluorescenc
DAPI 1:3000( | SigmeAldrich Immunofluorescenc
MitoTracke! 1uM Invitroger Flow cytometn
ROS Brite 67 5uM Biomol; AAT Biogques Flow cytometn
Tetramethylrhodamine (TMRM 100nV | Thermo Fisher Scientif Flow cytometn
Sarcomeri@-actinir mouse IgG 1:80( Sigme-Aldrich Flow cytometnr
MYH1E (MF20 mouse 1gG2 1:5C Hybridoma Bank, University of lowa, | Flow cytometn
Troponir-T mouse IgG 1:10C Richard Allan Scientifi Flow cytometnr
Anti-mouse 1gG Alexa Fluor 6: Donkey 1:30( Jackson ImmunoResea Flow cytometn

Data S1: Galaxy workflows; Related to ExperimentaProcedures section.
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Supplemental Experimental Procedures:

Reprogramming and iPSC culture. Derivation and culture of endothelial cells, virpeoduction, retroviral
reprogramming, iPSC characterization, and cultuas performed as previously described (Haase e2@09).

In short, endothelial cells (ECs) were isolatednframbilical vein (hUVEC) from healthy newborns and
saphenous vein (hSVEC) from aged patients (64-&syehat underwent coronary bypass surgery. Human
material was collected after approval by the Idglics Committee and following the donor’s or tlevborn’s
parental written informed consent. ECs were culéidan Endothelial Growth Medium (EGM-2) (Lonza)dan
2*10° cells of early passages (mean p4.5; range p3-i® veprogrammed by ectopic expression of Oct4, Sox2
Nanog, and Lin28 (lentiviral transduction, monasic factors, multiplicity of infection (MOI) 20Wwith
exception of clone D#40 hSVEC C5 which was reprogned via ectopic expression of Oct4, Sox2, Klf4d an
c-Myc (lentiviral transduction, monocistronic facdpMOI 1). In total, 26 EC-derived iPSC clones evderived
from 10 donors. 3 clones were generated for eactord®#1 hUVEC-D#5 hUVEC, D#31 hSVEC, D#37
hSVEC, and D#38 hSVEC. 1 clone was selected fodtreors D#6 hUVEC and D#40 hSVEC. iPSC clones
were cultivated as colonies on mouse embryoniofilarsts (MEF) in Knock-out Dulbecco’s Modified Eagl
medium (DMEM) (Gibco) supplemented with 20% KnockGerum replacement, 1% Non-essential Amino
acids, 1mM L-Glutamine, 0.1mM-Mercaptoethanol (all obtained from Life Technoks)i and 10ng/ml bFGF
(Institute for Technical Chemistry, Leibniz Univitys Hannover, Germany). Before analysis, iPSCs were
transferred to monolayer culture on Geltrex (TherRigher Scientific) in in-house Essential 8 (E8)dinen
(DMEM Nutrient Mixture F-12 (Gibco) supplementedtiwi543mg/L NaHC@ 2ng/ml TGP (PeproTech),
10.7pug/ml human recombinant transferrin, 14ph/ligodselenite, 20ug/l insulin, 64ug/l ascorbic a@id
phosphate (all obtained from Sigma-Aldrich), an@rigfml bFGF) and cultured for generally 3-5 passage

Primer Design for the determination of mitochondrid DNA copy number using quantitative real-time
PCR (gRT-PCR). A quantitative real-time PCR (qRT-PCR) based anslgystem was developed which
guantifies mitochondrial DNA (mtDNA) copy numberlatve to genomic DNA (gDNA) copy number. In
contrast to most other studies which use only ommgy pair, our system measures number of mtDNA and
gDNA copies by each three primer pairs. Sequenoeswo primer pairs targeting mtDNA regions were
assimilated from previous studies (Andreasson.e2802; von Wurmb-Schwark et al., 2002). The ofréner
pairs were designed employing Primer3 (v0.4.0).imuprimer design, target loci were chosen thatewsot
within the common 4700bp mtDNA deletion site or gamic regions with high CNVs or mutation occurrence
(manually inspected using variation data providedhsembl (release 90, August 2017) (Hunt et atL82.

MtDNA extraction and amplification. The workflow for mtDNA sequencing and data procagss displayed

in Figure S5A mtDNA was extracted via QlAprep Spin Miniprep KQiagen) from early passage iPSC clones
(mean p6.5), and from late passages (p30 and p50¢lones. Furthermore, enriched mtDNA was isadtem

the corresponding parental cell populations atnailai passage as subjected to reprogramming (méds).p
Isolation was essentially performed according toafacturer’'s recommendation and yielded, on average
fold increase of mMtDNA compared to total DNA isatat (Figure S58. Entire mtDNA was then amplified using
2 primer pairs (F2480A/R10858A (3:1) and F10653H88B (1:1)) [able SJ generating two overlapping
PCR products of 8379bp and 8605bp fragment sizeE(©Me et al., 2014). PCR reactions were performiga w
Herculase Il Fusion DNA Polymerase (Agilent) inheical replicates with 50ng enriched mtDNA as teaipl
per reaction. Altogether, the input of enriched Mfaccounted for 200ng which equals to ~5*10tDNA
molecules (3.2*18 cells (theoretical input) * 12 (average fold ehrivent) * 1300 (average mtDNA copy
number per cell)), isolated from, on average, SB®Cs or 2.5*1®parental cells. PCR conditions were: 94°C
for 5min as initiation step, then 23 cycles of 94U 40s, 54°C for 20s, and 54°C for 4.15min, foléd by
termination step of 72°C for 3min. Therefore, omwtpcol reduced PCR amplification cycle to 23 comepato

30 in most other published approaches of mtDNA #oation for sequencing purposes. mtDNA PCR
amplification resulted in an enrichment of mtDNA oih average, ~15000 fold over normal cellular eont
(Figure S5B. Each amplicon was individually inspected by gklctrophoresis and amplicons from the same
sample were pooled,

Read trimming, quality assessment, and alignmenfQuality and adapter trimming of reads was perforimgd
Trim Galore (v0.4.3; Cutadapt v1.14) including reraloof adapter, 10bp from the 3' end of read 1,p3fbm
the 3' end of read 2, as well as low-quality emdsnfreads (Phred < 28). Reads were aligned to tineah
genome GRCh38 chromosome MT (the Cambridge Refersequence (rCRS; NC_012920)) using BWA-
MEM (Galaxy Version 0.7.17.1) (Li, 2013). Quality simmed and aligned reads were inspected empdpyin
FastQC Read Quality reports (v.0.11.6; Galaxy weapgersion v0.71) and Qualimap Multi-sample BAM QC
analysis (v.2.2.1). Reads had an average leng?i%ifp, with Phred score > 28 over whole read ler@fiho of

all reads mapped to mitochondrial reference genwitreequal quality across the reference genome8(Bfean
mapping quality). The coverage was 19000 on average



Variant calling and refinement. Variants were called using FreeBayes (v1.0.2; Galarplementation
v1.0.2.29-3) (Ewing and Green, 1998; Ewing et H098) with filters set to ploidy 10, minimum covgeal00,
and minimum AF (alternative frequency) 0.02. Thaleation of the AF filter threshold was performexséd on
knowledge of population frequency of variants ahe high coverage was utilized to identify false d@nde
variants. Variants that were detected at a lowueagy in iPSC clones of different donors but westedescribe
as polymorphism were unlikely to be true-positi@&ibsequently some selected variants were individual
analyzed as described below in the section “Detectf variants at very low AF“. A receiver operatin
characteristic (ROC) curve with AF as discriminatthreshold Figure S5¢ showed that AF 0.02 retrieve very
high specificity while maintaining most true poséivariants.To exclude the few remaining false positive
variants, remaining primer sequences that had eMddetrimming process were manually removed am@dnts
that were detectable in different donors (with minm AF 0.005) but not described as polymorphismeewe
excluded as probable false variant calls.

Determination of allele fraction of variants with very low AF in iPSC clones and parental cell populabn.
The presence of a choice of variants (in total ¥2B8ants at 38 different genetic regions) at veny IAF (in
general,< 0.02) in iPSC clones or parental cell populatiress examined individually within their genetic
context. For this purpose, sequencing reads wepeated directly from fastq raw files. Both reatithe paired
end sequencing were investigated and the numbezaais with the variant enclosed by a 11bp long eecp
ranging from position -5bp to +5bp was counted all as the number of reads with the reference semud-or
calculation of average error for each genetic iocatthe numbers of reads that comprised not thi@awaor
reference nucleotide were determined. In additiba,11bp long sequences directly upstream and dozams

of the variant were analyzed in the same mannencélethe average error of the amplicon sequenciag w
calculated for every variant as the mean numbereatls with non-reference and non-variant nuclectitle
variant location or in the middle of analyzed upatn and downstream sequence (in general, N = 8) and
presence of variant was confirmed with p-value (a@&inst background of errorBigure S5D, Table S2A
Frequencies of INDELs were determined by extractamgl counting reads for both INDEL and reference
sequence embedded by an 11bp sequence, direatlyféstq files(Table S2B. Average error of the amplicon
sequencing was calculated for every variant asmtean number of reads with non-reference and naastar
nucleotide at variant location or in the middleamialyzed upstream and downstream sequence (inajeNex

8). Distribution of errors for each variant was leraded via the D’Agostino and Pearson omnibus nbtynist
(where applicable, else the Shapiro-Wilk normaldgt was used). One sample one-tailed t-test arichMdin
one-tailed signed-rank test were performed, resmEgt to compare number of reads with variant as
hypothetical value against background of errore mhll hypothesis, assuming number of reads witiemtis
within local error range, was rejected with p valeé 0.05.

Karyotype analysis.After treatment of hiPSCs with colcemid (Invitrogdar 30 min, cells were detached with
trypsin and metaphases were prepared accordingtatedard procedures. Fluorescence R-banding using
chromomycin A3 and methyl green was performed asipusly described (Schlegelberger et al., 1999)Jeast

10 metaphases were analyzed per clone at a minioh@®0 bands. Karyotypes were described accordiriget
international System for Human Cytogenetic Nomeanc&a(ISCN).

Differentiation of cardiomyocytes (CMs). For CM differentiation, 1*18 undifferentiated cells/well were
aggregated in 3ml E8 medium containing 10uM Rhoakeinhibitor Y-27632 (RI) on low attachment 6 well
plates (Greiner Bio-one GmbH) on an orbital shaf@rpm; Infors GmbH) at differentiation day (dd)).-3
Differentiation was started (dd0) using 5uM CHIR220(LU Hannover) in CDM3 (Burridge et al., 2014;
Halloin et al., 2019) to activate the WNT pathwBExactly 24h later it was followed by a subsequehtihition

of the WNT pathway (dd1), where CDM3 medium inchglepM Wnt-C59 (LU Hannover) was added for 48h.
On dd3 and dd5 fresh CDM3 medium was added. Fromaad the medium was changed to basic serum free
medium (bSF; DMEM with 1% non-essential amino acklémg/I transferrin, 37,8/l sodium-selenit, 1ImM L-
glutamine, and 1@g/ml insulin) and was changed every other day. differentiation efficiency was addressed
on dd14 by flow cytometry for the cardiac markeardiac troponin T (cTnT), alpha sarcomeric actifi8A),
and pan-myosin heavy chain (MF20) as describedeedHalloin et al., 2019)Table S§. mtDNA of 5*1¢
iPSC-derived cardiomyocytes at dd0, dd5, and ddas$ ieolated, amplification, and subjected to secingnas
described above.

Bioartificial cardiac tissues (BCT) generation andcultivation. BCTs were generated and cultivated as
described earlier (Kensah et al., 2011; KensaHh. e2@13). Briefly, differentiated CMs were dissatgd using
STEMdiff™ Cardiomyocyte Dissociation Kit (STEMCELILTechnologies) according to manufacturer’s
instructions. 250ul cell-matrix mixture/BCT compdsef 10% Matrigel (BD Biosciences), 1.35mg/ml rat
collagen type | (Trevigen), 3.6% 0.4M NaOH, 1%ldissociated CMs, and 1*1Grradiated human foreskin
fibroblasts (ATCC) was poured into bottomless sitianolds containing two titanium rods (6mm init&éck
length). Following 30min solidification, the tissuevere cultivated in BCT medium with 3@ L-ascorbic acid



(Kensah et al., 2011) for 21 days, where spontagigaiontracting BCTs formed around the rods. Sigrtin
day 7, a growing static stretch protocol of 0.4muais was applied. Tissue maturation and CM vigbilias
monitored during cultivation using an AxioObservédr fluorescence microscope and ZEN 3.1 softwarés§)e

To visualize the distribution of viable CMs, thetaghondria-specific dye tetramethylrhodamine metstier
(TMRM, 25nM; Thermo Fisher Scientific) was addedctie contraction forces and spontaneous beating
frequencies of BCTs were measured on day 21 afdissiltivation as described earlier 53 using acuganade
bioreactor system (Central Research Devices Sebhiie MHH, Hannover). BCTs were placed into a otdt
vessel (BCT medium, 37°C) allowing for contractifmxce recording, and precise application of inciregas
preload. After every preload step (200pum incremestsontaneous and paced contraction (mean of fabip
pulses, 10ms, 25V) values were measured.

Immunofluorescence staining and microscopic analysi ECs, iPSCs, and CMs were seeded on cover slides
coated with 1% gelatin, Geltrex, or 50pg/ml fibrotie in 0.02% gelatin, respectively. After a cuéyeriod of

1-2 days for ECs and iPSCs and 3 days for CMss eadre fixed with 4% Paraformaldehyde (PFA) for 20at

4°C, permeabilized with 0.1% Triton X 100 (SigmadAth) in PBS for 5min at room temperature, and
unspecific binding sites were blocked with soluta5% donkey serum (Chemikon) and 0.25% TritonR in
tris-buffered saline (TBS) for 30min at 4°C. Inctiba with monoclonal anti-ATPIF1 (ATP synthase solbu
IF1) antibody diluted in staining buffer (PBS wifl%o bovine serum albumin (BSA) (Sigma-Aldrich)) was
performed overnight at 4°C. List of antibodies iyided in Table S6 Secondary antibody staining was
performed for 1h at 4°C and DAPI nuclear stainiogXmin.
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