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Supplementary Figure 1 | Immunolabelling of calcium handling proteins. (A) Representative
images from hiPSC-CM labelled with antibodies detecting calcium handling proteins and nuclear



stain DAPI. Scale bar width 20 um. RyR = Ryanodine receptor; IP3R type 1 = Inositol trisphosphate
receptor type 1; NCX = Sodium/calcium exchanger. (B) Similar to SERCA (SR Ca?* ATPase), the
RyR proteins are distributed throughout the cytosol, with a higher concentration in the perinuclear
region (compare to Figure 1A). Stainings also display a positive IPsR immunosignal that is strongly
distributed around the nucleus.
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Supplementary Figure 2 | Fitting of reformulated ion currents and central model outputs. (A)
Representative in vitro CaT traces compared to in silico data, during a caffeine experiment (caffeine
application at time = 0). (B-C) Properties of sarcoplasmic reticulum and sarcolemmal calcium
handling explored in vitro (boxplots; n=36): fractional SR calcium release and 66% decay time of
calcium transient. The corresponding in silico values (black stars), 0.4158 and 743.2 ms, are well
within the measured range of variability. Bars in the boxplots are at [min>1, 25, 50, 75, max<99]
percentiles. (D-E) Fitting of new Ina formulation to Ma et al. in vitro data (Ma et al., 2011). (F)
Refitting the Paci et al. (Paci et al., 2012) I+ time constant to Sartiani et al. (Sartiani et al., 2007) in
vitro data. (G-H) Fitting of new Ica. formulation to own in vitro data (n=34). (1) Distribution of
hiPSC-CMs size (capacitance) in vitro (n=88), size of the virtual cell is indicated with the red line.
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Supplementary Figure 3 | Mechanisms of automaticity investigated in silico. (A) Effect of 100%
block of NCX. (B) Effect of Ivabradine (3 uM), simulated as 41% block I+ as in (Yaniv et al., 2012).
(C) Effect of 100% block of It. (D) Effect of Ir overexpression (2- and 4-fold). (E) Traces of It in
control and overexpression compared to NCX current in control. Even with 2-fold overexpression of
It the current amplitude (green line) is only a fraction of the depolarising current mediated by NCX
(dashed black line).
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Supplementary Figure 4 | hiPSC-CM vs. human adult CM vs. mouse embryonic CM phenotype
in silico. Correlation coefficients of sensitivity analysis for hiPSC-CM (A), mouse embryonic CM
(B), human adult ventricular CM (C), human adult atrial CM (D) for APD and CaT properties vs.
seven key parameters. Scale bar same as in Figure 2G. (E) Similarity index (absolute difference of
correlation coefficients) for APDgo and CaTamp VS. Seven key biomarkers. The mouse embryonic CM
model does not have Il or Ik, therefore the correlation values are zeros (B). Simulations were run at
1 Hz pacing frequency.
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Supplementary Figure 5 | Brugada Syndrome phenotype in hiPSC-CM and adult CM in silico.
(A) Failure in triggering AP in the BrS model variant. (B) Ina and IcaL are drastically smaller in BrS,
as excitation threshold is increased. (C) Stonger stimulus current (double amplitude) elicits an AP in
the BrS model variant. (D) In adult CM, BrS only reduces the initial AP spike and slows down

slightly the AP upstroke.
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Supplementary Figure 6 | The LQT2 mutation c.A2987T KCNH2 increases arrhythmogenicity
of hiPSC-CM in silico. Reduced repolarisation reserve (decreased Ikr conductance, by 33%)
increases AP duration (A) so much that L-type calcium channels (B) have enough time to recover
partially and reactivate, which leads to EADs (A) and abnormal calcium cycling (D). The fifth AP,
indicated by the red asterisk, was analysed in Figure 4C-D.
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Supplementary Figure 7 | Basic properties of in silico hiPSC-CMs in the database. 3D surface
plots of maximum diastolic potential (A) maximum upstroke velocity of the action potential (B),
action potential triangulation (C), and calcium transient amplitude (D) in the in silico database.
Restitution of APDgo (E) and force-frequency relation (F) in the hiPSC-CM database, results from
virtual cells recapitulating both APDR and FFR highlighted with red colour.
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Supplementary Figure 8 | Effect of diastolic membrane potential on AP characteristics and
NCX function in hiPSC-CMs. Action potential amplitude (A), duration at 30% (B) and 90% (C)
repolarisation as function diastolic membrane potential in vitro (n=4) and in silico. AP morphology
(D) and NCX current trace (E) for control (black dashed line) and five different membrane potentials.
(F) Percent change in the integral of Ca?* flux via NCX in forward (fwd) and reverse (rev) modes at
five different membrane potentials, compared to control case.
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Supplementary Figure 9 | Translation of disease mechanisms in hiPSC-CM in silico with ideal
model parameters. (A) Effect of Brugada-associated Nav1b/H162P mutation on AP morphology.
(B) Sodium (blue line) and L-type calcium (green line) currents underlying the depolarisation phase
of AP in BrS. Corresponding wildtype currents in hiPSC-CM are shown in Figure 2. (C) Effect of
LQT2-associated ¢c.A2987T KCNH2 mutation on AP repolarisation. (D) AP duration in silico and in
vitro, as reported by Bellin et al. (E) Early and delayed afterdepolarisations due to CPVT-like events.
(F) Sarcoplasmic reticulum calcium release (Jret) caused by random RyR openings (CPVT-like
events).
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Supplementary Table 1 | lon current properties in hiPSC-CMs. LJP = liquid junction potential,
nc = not corrected, nk = not known, corr = corrected.

hiPSC-CM | Peak current | Vs, act kact | Vyinact | kinact | Exp. Reference
type (pA/pF) (mV) (mV) conditions
Ina | WiCell® —216.7+18.7 | -34.1 5.9 -72.1 -5.7 35-37°C, (Maetal.,, 2011)
LJP:nk
in-house ~—280 ~—42 37°C, LIP:nc | (Davis etal.,
(Figure 8C) (Figure 8D) 2012)
WiCell® —163.2 + 23.8 37°C, LJP:nk | (Lee etal., 2016)
in-house ~-118 —42.44 + 180+ | —61.38+ | 758+ | 37°C, LJP:nk | (Maetal., 2013b)
(Figure 5B) 3.54 0.67 2.51 1.16
lcaL | WiCell -17.1+1.7 -14.9 6.6 -29.1 —4.9 35-37°C, (Maetal., 2011)
LJP:nk
WiCell -9.09+0.2 34.5°C, LJP: | (Gibson etal.,
nk 2014)
WiCell —6.6+22 37°C, LIP:nk | (Lee et al., 2016)
in-house —21.9+19 -5.57 5.01 -21.28 -5.33 37°C, LJP: nc | own data (n=34)
lo | in-house ~30 (Figure 35°C, LIP:nk | (Moretti et al.,
S10A) 2010)
in-house ~0.55 (Figure 32°C, LIP:nk | (ltzhaki et al.,
3D) 2011)
WiCell ~2.4 (Figure 35-37°C, (Maetal., 2011)
6D) LJP:nk
in-house ~1.9 (Figure 37°C, LIP:nk | (Lahti etal., 2012)
5C)
WiCell 13.7+1091 411+ 6.68 + | 36°C, LIP: (Cordeiro et al.,
0.2 0.19 nk 2013)
Ikr | in-house ~1.9 (Figure 35°C, LIP:nk | (Moretti etal.,
4A) 2010)
WiCell 0.95+0.02 —22.7 49 35-37°C, (Maetal., 2011)
LJP:nk
in-house ~2.5 (Figure 37°C, LJP: (Bellin et al.,
4D) corr 2013)
WiCell 1.06 £0.24 36°C, LJP: (Doss et al., 2012)
nk
in-house 1.79+0.2 -26.49 £ 7.75+ 35-37°C, (Jouni et al., 2015)
1.7 0.7 LJP:nk
WiCell 23+1.1 37°C, LIP:nk | (Leeetal., 2016)
in-house 1.05+0.11 36°C, (Zhang et al.,
LJP:corr 2014)
Iks | in-house ~2.5 (Figure 35°C, LIP:nk | (Moretti etal.,
4A) 2010)
WiCell 0.31+0.09 35-37°C, (Maetal., 2011)
LJP:nk
in-house ~0.8 (Figure —6.5+ 9.6+ 37°C, LIP:nk | (Maetal., 2015)
4B) 2.7 2.5
WiCell ~0.6 (Figure 37°C, LJP:nk | (Maetal., 2015)
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4B)
WiCell 29+1.1 37°C, LIP:nk | (Leeetal., 2016)
in-house 0.53 +0.07 36°C, (Zhang et al.,
LJP:corr 2014)
Ika | WiCell -0.8+0.2 35-37°C, (Maet al., 2011)
LJP:nk
WiCell -2.17+0.42 36°C, LJP: (Doss et al., 2012)
nk
WiCell -51+14 37°C, LJP:nk | (Lee et al., 2016)
in-house -0.36 £0.14 35-37°C, (Meijer van Putten
LJP:corr etal., 2015)
It WiCell -4.1+£0.3 —84.6 8.8 35-37°C, (Maetal.,, 2011)
LJP:nk
WiCell -0.9+£0.2 37°C, LJP:nk | (Lee etal., 2016)
WiCell ~—49 -90 10.2 37°C, LJP:nk | (Wei etal., 2012)
(Figure 7D)

Supplementary Table 2 | lon transporters.

hiPSC-CM type

pump current

Exp. conditions

Reference

NCX WiCell®, large 4.5+ 0.5 pA/lpF (Fine et al., 2013)
WiCell®, small 1.8 + 0.5 pA/pF (Fine et al., 2013)
in-house 2.13 £ 0.27 pAlpF caffeine-triggered (Zhang et al., 2013)
SR Ca?* release, T =
22-24°C
NKA WiCell®, large 0.98 + 0.1 pA/pF (Fine et al., 2013)
WiCell®, small 0.7 £ 2 pAlpF (Fine et al., 2013)
Supplementary Table 3 | Cell size.
hiPSC-CM type Reference
membrane area WiCell® 88.7 + 5.0 pF (Maetal., 2011)
in-house 36.0 + 3.3 pF (Davis et al., 2012)
in-house ~33 + 3 pF (Figure S11) (Bellin et al., 2013)
in-house 41.97 £ 4.24 pF (Ma et al., 2013b)
in-house 32.7+2.3pF (Zhang et al., 2013)
Cor.4U® 35.5 +27.8 pF (Scheel et al., 2014)
in-house 33+7pF (Meijer van Putten et
al., 2015)
in-house 30.6 + 2.5 pF own data
(n=88)
width in-house 12.3£0.5 um (Ma et al., 2013a)
in-house 6.89+1.79 (Gherghiceanu et al.,
2011)
length in-house 11.93 +3.99 (Gherghiceanu et al.,

2011)
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Supplementary Table 4 | Action potential characteristics of hiPSC-CMs in vitro.

hiPSC-CM MDP BPM APamp dV/dtmax | APDg Maturation/culturing Refs
type (mV) (mV) (mV/ms) | (ms) protocol
in-house, -716+£1.6 | nfa 117+28 | 71+ 12 208 +£29 | 20-60 days (Bellin et
37°C al., 2013)
WiCell, 36°C | -67.0 + 60.4 + 101.8 + 293+17 | 2773+ BD Matrigel™, 11-119 (Cordeiro
0.8 2.6 0.9 9.0 days etal.,
2013)
in-house, -12.4 + n/a 106.0 + 115.7 + 1735+ coculture on (END-2) cells, | (Davis et
36°C 0.9 3.2 18.4 12.2 17 or 18 days al., 2012)
WiCell, 36°C | -65.9 + 54.4 + 103.3 + 24.0 + 324.8 + BD Matrigel™, 11-121 (Doss et
9.4 30.0 12.7 13.8 123.7 days al., 2012)
in-house, -63.4 + 72+6 1132 + 26.8+6.3 | 3144+ 5 weeks (Lahti et
37°C 1.3 2.4 17.6 al., 2012)
WicCell, 37°C | -66.0 £ n/a 107.9 + 445428 | 4921+ 4 weeks (Lee et
0.8 0.8 15.4 al., 2016)
in-house, -75.6 = 35+2 104.0 £ 27.8+48 | 4147 + 30-32 days (Ma et
36°C 1.2 1.1 21.8 al., 2011)
in-house, -61.4 69.1+ 86.0 + 13.1+47 | 4340+ 30-32 days (Ma et
37°C 1.4 11.3 1.4 31.1 al.,
2013hb)
WiCell®, -59.8 + 710+ 99.1+ n/a 3729+ 4-5 weeks (Ma et
37°C 0.7 5.2 2.6 14.2 al., 2015)
in-house, 35- | -56 + 4 n/a 739 1017 162 + 27 | 30 days (Meijer
37°C van
Putten et
al., 2015)
in-house, -58+4 38.8 100+ 2 6.3 n/a 25-43 days (Novak
37°C 3.6 etal.,
2012)
in silico 45.1 own data

Supplementary Table 5 | Calcium transient characteristics. Measured at either 0.5 or 1 Hz

pacing.
hiPSC-CM type Timeto | Time to50%, 66% Decay time | Maturation protocol, time Ref
peak and 90% decay (ms) | constant (d)
(ms) (ms)
WiCell®, Wisconsin | 144 224 | n/a 505 n/a microgrooved PDMS culture, | (Raoetal.,
- 2013)
WiCell®, Wisconsin | 200 258 | n/a 495 n/a unstructured, - (Rao et al.,
2013)
SCVI, Stanford 513 nfa | nla n/a 967 Small Molecule Induction, 30 | (Hwang et
al., 2015)
Vanderbilt 562 nfa | nla n/a 1166 Matrigel Sandwich Induction, | (Hwang et
30 al., 2015)
WiCell®, Wisconsin | 586 nfa | nla n/a 985 Matrigel Sandwich Induction, | (Hwang et
30 al., 2015)
WiCell®, Wisconsin | n/a 168 | n/a n/a n/a Matrigel (BD Biosciences), - (Chen et
al., 2015)
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in-house 86 n/a | 181.8 | n/a n/a Please, see Materials and own data
+6.2 Methods section. (n=36)
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