Tables

Table 1 Differential diagnosis of selected phenotypes commonly associated with mitochondrial disease

	Phenotype
	Mitochondrial cause
	Limited differential diagnosis

	Dystonia
	Leigh syndrome, deafness-dystonia syndrome, other mitochondrial encephalomyopathies
	Biotinidase deficiency, thiamine transporter deficiency 2, ADAR mutations (Aicardi- Goutières syndrome 6), organic acidaemias (especially glutaric aciduria type I), NBIA, acute (viral) necrotising encephalopathy, mutations in NUP62, RANBP2 and PDE8B, primary genetic dystonias

	Epileptic encephalopathy
	Alpers-Huttenlocher syndrome, many other mitochondrial disorders
	Many genetic epileptic encephalopathies, including Dravet syndrome and KCNQ2 mutations, Pyridoxine dependent epilepsies (Antiquitin deficiency, PNPO deficiency), viral encephalitis

	Progressive myoclonic epilepsy
	MERRF
	Ramsay Hunt syndrome, Unverricht-Lundborg disease, Lafora body disease, sialidosis, PRICKLE1 mutations

	Leukoencephalpathy
	Complex I deficiency, Complex II deficiency, SURF1 deficiency (rarely), disorders of mitochondrial translation and Fe-S cluster assembly
	Vanishing white matter disease, lysosomal storage disorders, Canavan disease, Alexander disease, Pelizaeus-Merzbacher(-like), hypo/dysmyelination

	Ataxia
	ADCK3 mutations, ataxia-neuropathy syndromes e.g. SCAE, MIRAS, MERRF, NARP, disorders of coenzyme Q10 biosynthesis
	Spinocerebellar ataxias, CAPOS syndrome

	Demyelination
	MNGIE
	ADEM, multiple sclerosis

	Peripheral neuropathy
	Mutations in POLG, MPV17, KARS and SURF1; part of multisystem disease in many mitochondrial disorders, e.g. MNGIE
	Other non-mitochondrial genetic causes of Charcot-Marie-Tooth syndromes, riboflavin transporter deficiency, toxic neuropathies, critical illness

	Ptosis and ophthalmoplegia
	PEO, KSS, MNGIE, MELAS
	Some congenital myopathies, pseudo upgaze impairment in OPMD, horizontal gaze palsy and scoliosis (ROBO3 mutation)

	Optic neuropathy
	LHON, ADOA, Leigh syndrome
	Toxic optic neuropathy (e.g. methanol, cyanide, tobacco)

	Hypertrophic cardiomyopathy with lactic acidosis
	Complex I deficiency, TMEM70 mutations, Sengers syndrome (AGK deficiency), disorders of mitochondrial translation
	Viral infection

	Dilated cardiomyopathy with lactic acidosis
	Barth syndrome, disorders of mitochondrial phospholipid remodelling, other mitochondrial cardiomyopathies 
	Viral infection

	Exocrine pancreatic insufficiency
	Pearson syndrome
	Cystic fibrosis

	Diabetes and deafness
	MIDD, other mtDNA mutations 
	Type II diabetes mellitus with incidental nonsyndromic deafness

	Sideroblastic anaemia
	Pearson syndrome, MLASA, TRNT1 deficiency, PUS1 or YARS2 mutations
	Blackfan-Diamond syndrome, Schwachman-Diamond syndrome, X-linked sideroblastic anaemia

	B cell immune deficiency
	TRNT1 deficiency
	Primary immunodeficiency disorder

	Liver failure
	Mitochondrial DNA (mtDNA) depletion syndromes, 
	NBAS, LARS and IARS deficiencies, viral infection, lysosomal storage disorders, other syndromic genetic conditions

	Renal tubulopathy/failure
	Pearson and Kearns-Sayre syndromes, RMND1-related disease
	Gitelman syndrome, Fanconi Bickel (SLC2A2 mutations) syndrome, other syndromic genetic conditions

	Myopathy
	Part of multisystem disease in many mitochondrial disorders especially mtDNA depletion syndromes
	Congenital muscular dystrophies, myositis, many other disorders

	Rhabdomyolysis
	Mitochondrial myopathies (e.g. MTCO1, MTCO2, MTCO3 and MTCYB mutations)
	LPIN1 mutations, fatty acid oxidation defects (VLCAD, LCHAD), TANGO deficiency, glycolytic defects, toxic, post-exercise

	Low copper
	Cytochrome oxidase deficiency
	Menkes, SLC33A1 mutations

	Complex multisystem disorders
	Many mitochondrial disorders, particularly in childhood
	Congenital disorders of glycosylation, peroxisomal disorders, lysosomal storage disorders, other syndromic genetic conditions



Key: 
ADEM acute disseminated encephalomyelitis
ADOA autosomal dominant optic atrophy
CAPOS cerebellar ataxia, areflexia, pes cavus, optic atrophy and sensorineural hearing loss
Fe-S iron-sulphur
KSS Kearns-Sayre syndrome
LHON Leber hereditary optic neuropathy
MERRF myoclonic epilepsy with ragged red fibers
MIDD maternally inherited diabetes and deafness
MIRAS mitochondrial recessive ataxia syndrome
MLASA myopathy, lactic acidosis, sideroblastic anemia
MNGIE mitochondrial neurogastrointestinal encephalomyopathy
NBIA neurodegeneration with brain iron accumulation
PEO progressive external ophthalmoplegia
SCAE spinocerebellar ataxia with epilepsy

Table 2  Mitochondrial Dysfunction Identified in Other Genetic Disorders
	Disorder
	Mitochondrial defect
	Reference by PubMed ID number

	AOA1 (APTX mutations)
	Coenzyme Q10
	15699391

	Desminopathy
	CS, mtDNA depletion (35%)
	26097489

	Dravet syndrome (SCN1A mutations)
	Variable OXPHOS deficiencies
	20392657; 21906962

	EXOSC3 and EXOSC8 related diseases
	Low Complex I and pyruvate dehydrogenase activities, low mtDNA copy number, increased expression of mitochondrial genes
	28687512; 24989451

	GLUT1 deficiency
	Complex I
	22156785

	GM3 synthase deficiency
	Respiratory chain dysfunction in fibroblasts and liver
	22990144

	LCHADD
	Complex III, COX
	16417669

	Limb immobilization
	COX and CS
	19654872

	Lysosomal diseases: GM1-gangliosidosis, mucopolysaccharidosis IIIC, multiple sulfatase deficiency, Krabbe disease, Gaucher disease, Niemann Pick disease type C
	Multiple OXPHOS deficiencies attributed to excessive production of mitochondrial reactive oxygen species and dysregulated calcium homeostasis with mitochondria-induced apoptosis and neurodegeneration
	28132808

	MADD (ETFDH, ETFA or ETFB mutations)
	Complex I and II deficiencies; Riboflavin and Coenzyme Q10 responsive
	17412732

	Molybdenum co-factor deficiency
	COX
	16417669

	MTHFR mutations
	Complex I deficiency
	21131308

	Multiple carboxylase deficiency
	Complex III
	16417669

	NBIA (PKAN)
	Complex III
	16417669

	Neonatal haemochromatosis
	Complex III (liver)
	16417669

	Neuroferritinopathy (FTL1)
	Complex I or multiple Complex deficiency
	17142829


	NPHS3 (PLCE1 deficiency)
	COX
	21365190

	Neuronal Ceroid Lipofuscinosis (CLN2 and CLN3-related)
	Partial deficiency in fatty acid oxidation enzymes and the storage of subunit c of mitochondrial ATP synthase in fibroblasts
	8971698

	ORAI1 related disease
	Impaired lipid metabolism and fatty acid oxidation in skeletal muscle, heart and liver due to abnormal store-operated Ca2+ entry
	28132808


	Organic acidemias
	Coenzyme Q10, multiple OXPHOS deficiencies and free radical induced oxidative damage
	21329767; 28753922; 28753922

	Ras/MAPK pathway mutations
	Variable OXPHOS deficiencies
	26097489

	Rett syndrome (MECP2 mutations)
	Variable OXPHOS deficiencies
	26741492

	SCAR10
	Coenzyme Q10
	25182700

	Spinal muscular atrophy
	Complexes I-IV, mtDNA depletion
	12557011; 25844556

	STXBP1 mutation (de novo)
	Complex I
	25418441

	Zellweger syndrome
	Complexes II+III, COX
	25287621; 28753922




Key: AOA1 oculomotor apraxia type 1, COX cytochrome c oxidase, CS citrate synthase, GLUT1 glucose transporter 1, LCHADD long-chain 3-hydroxyacyl-CoA dehydrogenase deficiency, MADD multiple acyl-CoA dehydrogenase deficiency, MAPK mitogen activated protein kinases, mtDNA mitochondrial DNA, NBIA neuronal brain iron accumulation, NPHS3 nephrotic syndrome type 3, OXPHOS oxidative phosphorylation, PKAN pantothenate kinase, SCAR10 autosomal recessive spinocerebellar ataxia-10, 

Table 3 Limitations of Testing

Current Limitations of Biochemical Testing
Imperfect sensitivity and specificity
Secondary mitochondrial dysfunction leading to abnormal results
Inter-lab variability of methods and reference ranges
Challenges with tissue processing

[bookmark: _GoBack]Current Limitations of Genetic Testing
Incomplete understanding of the role of the entire genome in mitochondrial function
Novel genes still being identified
Interpretation of nuclear and mtDNA variants of uncertain significance
Lack of understanding of tissue-specificity of mtDNA mutations
Unclear relevance of low heteroplasmy levels of pathogenic mtDNA mutations
mtDNA deletions and depletion may be observed in non-mitochondrial disease


Table 4 Potential Harms Arising from a Diagnosis of “Possible” Mitochondrial Disease 

Ending diagnostic odyssey prematurely
Missing potentially treatable disorders
Psychological burden of mitochondrial disease diagnosis: parent/patient fear of progressive or degenerative disorder
Inaccurate recurrence risk counseling
Inappropriate preventative care 
Unnecessary medical interventions at times of catabolic stress
Avoidance of needed medications owing to fear of mitochondrial toxicity
Inappropriate reproductive decisions taken 

Table 5 Terminology to avoid when a mitochondrial diagnosis is uncertain
“Possible,” “Probable” or “Suspected” Mitochondrial Disease
Mitochondrial Myopathy
Mitochondrial Cytopathy
Mitochondrial Metabolism Disorder
Defect of Mitochondrial Metabolism


