Supplemental Information
Table S1, Related to Figure 1. Summary characteristics of the Leigh syndrome patient derived
fibroblast cell lines including the patient phenotype at diagnosis, the mutations identified, and

published literature using the cell line.

Table S2, Related to Figure 4. Day 10 LS derived neutralized embryoid bodies relative
metabolite abundance for metabolites used in pathway analysis. LC-MS measured metabolite
peak areas were normalized to the total ion count (TIC) by sample and fold change was
determined by dividing each LS TIC normalized peak area by the control TIC normalized peak
area for each metabolite. Metabolites were identified and filtered for pathway analysis using a
threshold fold change (FC >5 and <0.4). Fold change values shown are averages for 2

independent runs with ~150 neuralized EBs per run.

Table S3, Related to Figure 4. Summary of the metabolic pathways analysis for metabolites
enriched in day 10 LS derived neuralized embryoid bodies. Statistical p values from enrichment
analysis are adjusted for multiple hypothesis testing. Total: total number of compounds in the
pathway. Hits: matched number from the uploaded data. Raw p: original p value calculated from
the enrichment analysis. Holm p: p value adjusted by Holm-Bonferroni method. FDR p: adjusted
p value using False Discovery Rate. Impact: pathway impact value calculated from pathway

topology analysis.

Figure S1, Related to Figure 2. Characterization of Leigh syndrome iPSCs. A. Schematic
representation of the fibroblast reprogramming protocol. B-C. Pluripotency characterization of the
LS iPSCs. Samples were analyzed against samples in a reference data set (The International
Stem Cell Initiative, 2018) (B). The distribution of the samples compared with a non-iPSC control

shows clustering of the samples in the high pluripotency and low novelty quadrant (C). D. gPCR



for the pluripotency genes POU5SF1 and NANOG. E. Karyotype characterization results for LS

and control cell lines.

Figure S2, Related to Figure 3. Leigh syndrome derived NPCs are multipotent and do not
present increased sensitivity to pharmacological stressors. A. Quantification of protein expression
of neural markers Pax6, Nestin and Sox2. B. Leigh syndrome NPCs do not show enhanced
sensitivity towards different stressors. LS NPCs have similar cell viability compared to control
when exposed to the DNA damaging agents etoposide and neocarzinostatin, the mitochondrial
toxicant CCCP, and the microtubule destabilizer nocodazole.

Figure S3, Related to Figure 5. MT-ATP6/PDH brain organoids display defective differentiation
at day 10. A. Brightfield images (4X) of day 10 brain organoids. MT-ATP6/PDH shows
disorganized cellular growth that do not resemble neuroepithelial buds. B. Quantification of the

defective organoids at day 10 by cell line.

Figure S4, Related to Figure 7. Heat map of metabolomic analysis of day 40 organoids. A total
of four batches of 40-day organoids per line were analyzed as described in methods. Each column
represents a replicate and each row represents a metabolite. Relative abundance is
independently scaled by row with higher z scores represented by red color and lower z scores

represented by blue color.



Supplemental Table 1

Cell line Phenotype Mutation References

Develogmilofemale, Caucasian. PDH (E1) LOF Hinman et al. 1989;
GMo3672 Developmental regression; microcephalic; py ., ate dehydrogenase Huh et al. 1990;

elevated blood lactic acid and pyruvate;
only affected family member (790elC, Arg27ts) Johnson et al. 2018

Cooper et al, 1969;

3y/o female, Caucasian. DLD (E3) Murphy JV, 1973:

Lactic acidosis, psychomotor delay;

GMO01503 sister also affected. Dihydrolipoamide Sorbi& Blass, 1982;
Subnormal activation of pyruvate dehydrogenase Hinman et al. 1989;
dehydrogenase complex in (A100G, Thr34Ala) Huh et al. 1990;
Vo et al. 2007;

disrupted fibroblasts
Johnson et al. 2018

Pastores et al. 1994;

8 month old male, Chinese. MT-ATP6 :
Lactic acidosis; developmental delay.  (T8993G, Leu156Arg) lyer et al.2012;
GM13411 Hypertrophic cardiomyopathy. PDH (E1) LOF Ma et al. 2014;
Symmetric neural necrosis. Pyruvate dehydrogenase Galera-Monge et al. 2016;
Fibroblast: 90% heteroplasmy (79delC, Arg27fs) Zheng et al. 2016;

Johnson et al. 2018
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Supplemental Table 3

Pathway Hits Total |Expected| Rawp | -LOG(p) |Holm adjust| FDR Impact
Alanine, aspartate and glutamate metabolism 16 28 1.8968 | 9.88E-13| 27.643 8.30E-11 | 8.30E-11 | 0.76282
Synthesis and degradation of ketone bodies 1 5 0.33871 | 0.29616 | 1.2169 1 0.85783 0.6
Arginine biosynthesis 9 14 0.94839 | 3.24E-08| 17.244 2.69E-06 |1.36E-06| 0.5736
Glycine, serine and threonine metabolism 8 33 2.2355 |0.001137 | 6.7797 0.088659 | 0.01364 | 0.55868
D-Glutamine and D-glutamate metabolism 3 6 0.40645 |0.005201| 5.259 0.38485 |0.036405 0.5
Cysteine and methionine metabolism 9 33 2.2355 |0.000209| 8.4735 0.016923 |0.003721| 0.47436
Nicotinate and nicotinamide metabolism 4 15 1.0161 |0.015176| 4.188 1 0.091058 | 0.42895
beta-Alanine metabolism 2 21 1.4226 | 0.42186 | 0.86309 1 1 0.39925
Pyrimidine metabolism 14 39 2.6419 | 6.64E-08| 16.527 5.45E-06 |1.86E-06| 0.32533
Arginine and proline metabolism 8 38 2.5742 | 0.00301 5.806 0.22873 |0.028089| 0.28068
Citrate cycle (TCA cycle) 6 20 1.3548 |0.001488| 6.5105 0.11456 |0.015622| 0.27512
Pentose phosphate pathway 3 22 1.4903 | 0.18299 | 1.6984 1 0.61483 | 0.27226
Purine metabolism 12 65 4.4032 |0.000959| 6.9499 0.075743 |0.013423| 0.27171
Tyrosine metabolism 7 42 2.8452 | 0.02008 | 3.908 1 0.11245 | 0.2369
Pyruvate metabolism 3 22 1.4903 | 0.18299 | 1.6984 1 0.61483 | 0.20684
Glycolysis / Gluconeogenesis 3 26 1.7613 | 0.25592 | 1.3629 1 0.7962 | 0.20594
Glyoxylate and dicarboxylate metabolism 7 32 2.1677 |0.004395| 5.4272 0.32966 |0.036405| 0.20371
Amino sugar and nucleotide sugar metabolism 6 37 2.5065 |0.034767| 3.3591 1 0.17272 | 0.19203
Aminoacyl-tRNA biosynthesis 11 48 3.2516 |0.000221| 8.4152 0.017718 |0.003721| 0.16667
Starch and sucrose metabolism 3 18 1.2194 | 0.11742 2142 1 0.44831 | 0.16651
Glutathione metabolism 6 28 1.8968 | 0.00926 | 4.6821 0.66671 |0.059833| 0.1406
Butanoate metabolism 3 15 1.0161 |0.075729| 2.5806 1 0.3348 | 0.11111
Glycerophospholipid metabolism 4 36 24387 | 0.22346 | 1.4985 1 0.72196 | 0.10926
Fructose and mannose metabolism 4 20 1.3548 |0.041479| 3.1826 1 0.19357 | 0.09559
Folate biosynthesis 1 27 1.829 | 0.85201 | 0.16016 1 1 0.09111
Pentose and glucuronate interconversions 2 18 1.2194 | 0.34738 | 1.0573 1 0.97267 | 0.07812
Glycerolipid metabolism 2 16 1.0839 | 0.29605 | 1.2172 1 0.85783 | 0.04361
Pantothenate and CoA biosynthesis 4 19 1.2871 |0.034955| 3.3537 1 0.17272 | 0.02143
Valine, leucine and isoleucine degradation 2 40 2.7097 | 0.76775 | 0.26429 1 1 0.01084
Primary bile acid biosynthesis 1 46 3.1161 | 0.96223 |0.038502 1 1 0.00758
Galactose metabolism 1 27 1.829 | 0.85201 | 0.16016 1 1 0.00228
Nitrogen metabolism 3 6 0.40645 | 0.005201| 5.259 0.38485 |0.036405 0
Histidine metabolism 3 16 1.0839 |0.088774| 2.4217 1 0.37285 0
Ascorbate and aldarate metabolism 2 8 0.54194 |0.097365| 2.3293 1 0.38946 0
Neomycin, kanamycin and gentamicin biosynthesis 1 2 0.13548 | 0.13094 2.033 1 0.4782 0
Thiamine metabolism 1 7 0.47419 | 0.3886 | 0.9452 1 1 0
Valine, leucine and isoleucine biosynthesis 1 8 0.54194 | 0.43021 | 0.84349 1 1 0
Taurine and hypotaurine metabolism 1 8 0.54194 | 0.43021 | 0.84349 1 1 0
Propanoate metabolism 2 23 1.5581 | 0.46908 | 0.75698 1 1 0
Biotin metabolism 1 10 0.67742 | 0.50519 | 0.68283 1 1 0
Inositol phosphate metabolism 2 30 2.0323 | 0.61489 | 0.48631 1 1 0
Porphyrin and chlorophyll metabolism 2 30 2.0323 | 0.61489 | 0.48631 1 1 0
Mannose type O-glycan biosynthesis 1 17 1.1516 | 0.69847 | 0.35886 1 1 0
Selenocompound metabolism 1 20 1.3548 | 0.75632 | 0.27929 1 1 0
Sphingolipid metabolism 1 21 1.4226 | 0.77304 | 0.25742 1 1 0
Lysine degradation 1 25 1.6935 | 0.8293 | 0.18717 1 1 0
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