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These tables list both published and a number of unpublished mutations in genes associated with early onset
defects in mitochondrial DNA (mtDNA) maintenance including C10orf2, SUCLG1, SUCLA2, TYMP, RRM2B,
MPV17, DGUOK and TK2. The list should not be taken as evidence that any particular mutation is pathogenic.
We have included genes known to cause mtDNA depletion, excluding POLG1, because of the existing
database (http://tools.niehs.nih.gov/polg/). We have also excluded mutations in C100rf2 associated with
dominant adult onset disorders.

© 2009 Elsevier B.V. All rights reserved.
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Table 1
Reference sequences used.

Table 4
Mutations in the thymidine phosphorylase gene, TYMP, associated with myoneurogas-
trointestinal encephalomyopathy, MNGIE.

Gene Ref Seq

Cl00rf2 NM_021830.3 Gene Mutation Protein R.efferenctc)el '0;1 cgntributor
SUCLGT NM_003849.2 (if unpublished)
SUCLA2 NM_003850.2 TYMP ¢.51_52delCT p.F18LfsX105 [8]

TYMP NM_001113755.1 TYMP €.99dupC p-K34QfsX90 [9]

RRM2B NM_015713.3 TYMP c.128A>C p.K43T [10]

MPV17 NM_002437.4 TYMP c.131G>A p.R44Q [11]

DGUOK NM_080916.1 TYMP c.162C>G p.154M [12]

TK2 NM_004614.3 TYMP c.215-1G>C Splice mutation [13]
TYMP  c228G>A p.M76l [14]

TYMP  c261G>T p.E87D [15]

TYMP  c275CA p.T92N [16]

TYMP  c340G>A p.D114N [15]

Table2 A ‘ , _ A TYMP  c398T>C p.L133P [17]
Mutations in the Twinkle helicase gene, C10orf2, associated with mtDNA depletion TYMP C433GA p.G145R (18]
syndrome. TYMP  c457G>A p.G153S [18]
Gene Mutation Protein Reference or contributor Ymp cAG7A>G p.D156G [10]
(8 D) TYMP  cA78T>C pSI60P [18]

TYMP ¢.516+2T>C Splice mutation [18]

Cl10orf2 c.952G>A p.A318T [1] TYMP c.518T>G .M173R 8

C100rf2 c.1287C>T Reduced mRNA level [2] TYMP ¢.530T>C g,u 77P {8}

Cl0orf2  ¢1370C>T p.T4571 [3] TYMP  c.605G>C p.R202T [19]

Cl0orf2  c1523A>G p-Y508C [2] TYMP  c.605G>A p.R202K Rita Horvath and

Ref Seq NM_021830.3 Birgit Czermin

TYMP  c.622G>A p.V208M [19]
TYMP  c.665A>G p.K222R [18]
TYMP  ¢.707T>C p.F2365 [20]
References TYMP  c.760A>C p.T254P [10]
TYMP  c.784delC p.L262X [15]

[1] AH. Hakonen, P. Isohanni, A. Paetau, R. Herva, A. Suomalainen, T. Lonngqvist, TYMP  c847C-G p-H283D [14]
Recessive Twinkle mutations in early onset encephalopathy with mtDNA TYMP  c.854T>C p.L285P [19]
depletion, Brain 130 (2007) 3032-3040. TYMP  c.856G>A p.E286K [15]

[2] K.Nikali, A. Suomalainen, J. Saharinen, M. Kuokkanen, ].N. Spelbrink, T. Lonnqvist, TYMP  c.865G>A p.E289K (8]

L. Peltonen, Infantile onset spinocerebellar ataxia is caused by recessive mutations TYMP ¢.866A>C p.E289A [18]
in mitochondrial proteins Twinkle and Twinky, Hum. Mol. Genet. 14 (2005) 2981. TYMP c.928+1G>A Splice mutation [15]

[3] E. Sarzi, S. Goffart, V. Serre, D. Chretien, A. Slama, A. Munnich, J.N. Spelbrink, A. TYMP €.929-6_929-3delCCGC  Splice mutation [18,8]

Rotig, Twinkle helicase (PEO1) gene mutation causes mitochondrial DNA TYMP  ¢.931G>C p.G311R [19]
depletion, Ann. Neurol. 62 (2007) 579-587. o TYMP c.938T>C p.L313P [10]

[4] E. Ostefgaard, FJ. ansen, N. Sorer_lsen, M. Duno, J. Vissing, PL Larsen,_O. Faeroe, S. TYMP €.994_1011dup p.A332_G337dup [21]
Thorgrimsson, ‘F, Wibrand, E. Chrlstenser}' M.}Sc}hwartz, Mitochondrial ence_pha— TYMP €1088delG p.G363EfsX151 e s s
lomyopathy with elevated methylmalonic acid is caused by SUCLA2 mutations,

Brain 130 (2007) 853-861. e GITIZIEE RIS (12]

[5] R. Carrozzo, C. Dionisi-Vici, U. Steuerwald, S. Lucioli, F. Deodato, S. Di Ymp ¢.1160-1G>C Spl%ce m““‘t?"“ (18]

Giandomenico, E. Bertini, B. Franke, L.A. Kluijtmans, M.C. Meschini, C. Rizzo, F. TYMP  c.1160-1G>A Splice mutation  [8]
Piemonte, R. Rodenburg, R. Santer, F.M. Santorelli, A. van Rooij, D. Vermunt-de TYMP  c1160G>A p.G387D [15]
Koning, E. Morava, RA. Wevers, SUCLA2 mutations are associated with mild TYMP  c.1193_1198del p.A398_L399del  [18]
methylmalonic aciduria, Leigh-like encephalomyopathy, dystonia and deafness, TYMP  c.1211dupT p.G405R{sX107 [10]

Brain 130 (2007) 862-874. TYMP c.1282G>A p.G428S [10]

[6] E. Ostergaard, E. Christensen, E. Kristensen, B. Mogensen, M. Duno, E.A. TYMP c.1299T>A Splice mutation [12]
Shoubridge, F. Wibrand, Deficiency of the alpha subunit of succinate-coenzyme TYMP c.1300+1G>A Splice mutation [22]

A ligase causes fatal infantile lactic acidosis with mitochondrial DNA depletion, TYMP c.1301-1G>A Splice mutation ~ [18]
Am. J. Hum. Genet. 81 (2007) 383-387. o o TYMP  c1327_1346del p.D443PfsX62  [23]

[7] O. Elpeleg, C. Miller, E. Hershkovitz, M. Bltner—Glmdz!cz, G. Bondl—Rublnsteln: S. TYMP c1393G>A p.A465T [12,24]
Rahrpan, A. Pagnamenta, S_. Eshhar, A. S_aada, Dgﬁc1ency of the ADP-forming TYMP ¢.1410dupC p.S471LfsX41 (18]
succinyl-CoA synthase activity is associated with encephalomyopathy and TYMP c1412C-T p.S471L [18]
mitochondrial DNA depletion, Am. ]. Hum. Genet. 76 (2005) 1081-1086. TYMP '14]2C A 'S471X 25

[8] I Nishino, A. Spinazzola, A. Papadimitriou, S. Hammans, I. Steiner, C.D. Hahn, A.M. & = I2h [25] i
Connolly, A. Verloes, J. Guimaraes, I. Maillard, H. Hamano, M.A. Donati, C.E. TYMP  c.1431dupT pL4785fsX34 Monica Arenas Hernandez

and Jo Poulton
Ref Seq NM_001113755.1
Table 3

Mutations in the genes for the o subunit SUCLGT and ATP dependent (3 subunit SUCLA2
of succinyl CoA ligase associated with mtDNA depletion syndrome.

Semrad, J.A. Russell, AL. Andreu, G.M. Hadjigeorgiou, T.H. Vu, S. Tadesse, T.G.
Nygaard, I. Nonaka, I. Hirano, E. Bonilla, L.P. Rowland, S. DiMauro, M. Hirano,

Gene Mutation Protein Reference or Mitochondrial neurogastrointestinal encephalomyopathy: an autosomal reces-
contributor sive disorder due to thymidine phosphorylase mutations, Ann. Neurol. 47 (2000)
(if unpublished) 792-800.
[9] J. Kintarak, T. Liewluck, T. Sangruchi, M. Hirano, K. Kulkantrakorn, S.
SUCLG1 €.152_153delAT p-Y51CfsX2 [4] Muengtaweepongsa, A novel ECGF1 mutation in a Thai patient with mitochondrial
neurogastrointestinal encephalomyopathy (MNGIE), Clin. Neurol. Neurosurg. 109
SUCLA2 ¢.352G>A p.G118R [5] (2007) 613-616.
SUCLA2 c.[454T>A; 456C>A] p.C152R Rita Horvath and [10] M. Hirano, Mitochondrial neurogastrointestinal encephalomyopathy (MNGIE): a
Birgit Czermin disease of two genomes, Neurologist 10 (2004) 8-17.
SUCLA2 c.534+1G>A Splice mutation [6] [11] ]J. Gamez, C. Ferreiro, M.L. Accarino, L. Guarner, S. Tadesse, R.A. Marti, A.L. Andreu,
SUCLA2 €.789_802+29delinsATAAA  Splice mutation [7] N. Raguer, C. Cervera, M. Hirano, Phenotypic variability in a Spanish family with
SUCLA2 c.850C>T D.R284C [5] MNGIE, Neurology 59 (2002) 455-457.

SUCLG1 Ref Seq  NM_003849.2
SUCLA2 Ref Seq NM_003850.2

[12] Y.C.Kocaefe, S. Erdem, M. Ozguc, E. Tan, Four novel thymidine phosphorylase gene

mutations in mitochondrial neurogastrointestinal encephalomyopathy syndrome
(MNGIE) patients, Eur. . Hum. Genet. 11 (2003) 102-104.
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Table 5
Mutations in the gene for the p53 dependent 3 subunit of ribonucleotide reductase,
RRM2B, associated with mtDNA depletion syndrome.

Table 7

1111

Mutations in the deoxyguanosine kinase gene, DGUOK, associated with mtDNA
depletion syndrome.

Gene Mutation Protein Reference or contributor
(if unpublished)

RRM2B ¢.190T>C p.W64R [26]

RRM2B €.253_255delGAG p.E85del [26]

RRM2B c.322-2A>G Splice mutation [26]

RRM2B ¢.580G>A p.E194K [26]

RRM2B c581A>G p.E194G [26]

RRM2B c.584delG p.G195EfsX14 [27]

RRM2B C.671T>G p.1224S [27]

RRM2B ¢.846G>C p-M282I1 [27]

RRM2B ¢.850C>T p.Q284X [26]

RRM2B ¢.920delA p.N307IfsX11 [27]

RRM2B €.949T>G p.L317V [27]

Ref Seq NM_015713.3

[13] K. Szigeti, L]J. Wong, C.L. Perng, G.M. Saifi, K. Eldin, A.M. Adesina, D.L. Cass, M.

[14]

[15]

[16]

[17]

[18]

[19]

[20]

Hirano, J.R. Lupski, F. Scaglia, MNGIE with lack of skeletal muscle involvement and
a novel TP splice site mutation, ]. Med. Genet. 41 (2004) 125-129.

M.A. Martin, A. Blazquez, R. Marti, ]. Bautista, M.C. Lara, A. Cabello, Y. Campos, O.
Belda, A.L. Andreu, J. Arenas, Lack of gastrointestinal symptoms in a 60-year-old
patient with MNGIE, Neurology 63 (2004) 1536-1537.

A. Slama, C. Lacroix, V. Plante-Bordeneuve, A. Lombes, M. Conti, ].M. Reimund, E.
Auxenfants, P. Crenn, P. Laforet, A. Joannard, D. Seguy, H. Pillant, P. Joly, S. Haut, B.
Messing, G. Said, A. Legrand, A. Guiochon-Mantel, Thymidine phosphorylase gene
mutations in patients with mitochondrial neurogastrointestinal encephalomyo-
pathy syndrome, Mol. Genet. Metab. 84 (2005) 326-331.

W.M. Schupbach, K.M. Vadday, A. Schaller, C. Brekenfeld, L. Kappeler, ].F. Benoist,
C.N. Xuan-Huong, ].M. Burgunder, F. Seibold, S. Gallati, H.P. Mattle, Mitochondrial
neurogastrointestinal encephalomyopathy in three siblings: clinical, genetic and
neuroradiological features, J. Neurol. 254 (2007) 146-153.

N. Monroy, L. Macias Kauffer, O. Mutchinick, Mitochondrial neurogastrointestinal
encephalomyopathy (MNGIE) in two Mexican brothers harboring a novel
mutation in the ECGF1 gene. Eur. J. Med. Genet. 51 (2008) 245-250.

I. Nishino, A. Spinazzola, M. Hirano, Thymidine phosphorylase gene mutations in
MNGIE, a human mitochondrial disorder, Science New York, N.Y 283 (1999)
689-692.

R. Marti, ].J. Verschuuren, A. Buchman, I. Hirano, S. Tadesse, A.B. van Kuilenburg,
A.H. van Gennip, BJ. Poorthuis, M. Hirano, Late-onset MNGIE due to partial loss
of thymidine phosphorylase activity, Ann. Neurol. 58 (2005) 649-652.

G. Said, C. Lacroix, V. Plante-Bordeneuve, B. Messing, A. Slama, P. Crenn, A.
Nivelon-Chevallier, L. Bedenne, P. Soichot, E. Manceau, D. Rigaud, A. Guiochon-
Mantel, C. Matuchansky, Clinicopathological aspects of the neuropathy of
neurogastrointestinal encephalomyopathy (MNGIE) in four patients including
two with a Charcot-Marie-Tooth presentation, J. Neurol. 252 (2005) 655-662.

[21] J. Gamez, M. Lara, F. Mearin, C. Oliveras-Ley, N. Raguer, M. Olive, A. Leist, A. Perello,

M. Perona, C. Cervera, A. Andreu, R. Marti, M. Hirano, A novel thymidine
phosphorylase mutation in a Spanish MNGIE patient, J. Neurol. Sci. 228 (2005)
35-39.

[22] J.W. Taanman, M. Daras, J. Albrecht, C.A. Davie, E.A. Mallam, J.R. Muddle, M.

Weatherall, T.T. Warner, A.H. Schapira, L. Ginsberg, Characterization of a novel
TYMP splice site mutation associated with mitochondrial neurogastrointestinal
encephalomyopathy (MNGIE), Neuromuscul. Disord. 19 (2009) 151-154.

Table 6

Mutations in the MPV17 gene associated with mtDNA depletion syndrome.

Gene Mutation Protein Reference or
contributor
(if unpublished)
MPV17 c.70G>T p.G24W [28]
MPV17 c.70+5G>A Splice mutation [29]
MPV17 c.116_140del p.E39GfsX6 [30]
MPV17 c.148C>T p-R50W [31,30]
MPV17 c.149G>A p-R50Q [30]
MPV17 c.186+1G>T Splice mutation Massimo Zeviani
MPV17 c.206G>A p-W69X [31]
MPV17 €.234_242del p.G79_T81del [31]
MPV17 €.263_265delAGA p.K88del [31]
MPV17 c.284delG p-G95AfsX7 Massimo Zeviani
MPV17 ¢359G>A p-W120X [28]
MPV17 €.462-903_*420+-177delinsC Exon 8 deletion [28]
MPV17 c.498C>A p.N166K [30]
RefSeq  NM_002437.4

Gene Mutation Protein Reference or
contributor
(if unpublished)

DGUOK c1A>G p.M1V [32]

DGUOK c2T>C p.MIT [32,33,34,34]

DGUOK c3G>A p.M11 [32,33]

DGUOK c4G>T p.A2S [35]

DGUOK €.20_23delTTCT p.F7X Claude Jardel and
Anne Lombeés

DGUOK c.81delC p.S28PfsX28 [32]

DGUOK c.130G>A p.E44K [36]

DGUOK c.137A>G p.N46S [32,35]

DGUOK c142+1G>A Splice mutation [32,35]

DGUOK c.151A>C p.K51Q [32]

DGUOK c.155C>T p.S52F [32,33]

DGUOK c.195G>A p.W65X [32]

DGUOK c.235CT p.Q79X [32,37]

DGUOK c.255delA p.A86PfsX13 [38,32]

DGUOK €.256-2A>C Splice mutation [32]

DGUOK c313CT p.R105X [32,39]

DGUOK c318G>A p.W106X [32,37]

DGUOK  ¢.319T>C p.S107P [32]

DGUOK ¢352C>T p.R118C [32]

DGUOK c.424_425delAG p.R142VfsX5 [32]

DGUOK c.425G>A p.R142K [32,40]

DGUOK c.444-11C>G Splice mutation [32]

DGUOK €.487_490dupGACA p.I164RfsX53 [32]

DGUOK c.493G>A p.E165K Claude Jardel and
Anne Lombes

DGUOK C.494A>T p.E165V [32,34]

DGUOK ¢.509A>G p.Q170R [32,33]

DGUOK ¢.533G>A p.W178X [32]

DGUOK c.572A>G p.Y191C [32]

DGUOK c.591G>A Splice mutation [32,35]

DGUOK ¢.592-8T>G Splice mutation [36]

DGUOK €.592-4_592-3delTT Splice mutation [32]

DGUOK €.605_606delGA p.R202TfsX13 [32,41]

DGUOK €.609_610delGT p.Y204PfsX11 [40]

DGUOK c.632A>G p.E211G [34]

DGUOK c.677A>G p.H226R [32]

DGUOK c.677dupA p.H226QfsX15 Jo Poulton and
Carl Fratter

DGUOK c.679G>A p.E227K [40]

DGUOK ¢.707+3_707+6delAAGT Splice mutation Claude Jardel and
Anne Lombés,
Rita Horvath and
Birgit Czermin

DGUOK c.737C>G p.P246R [42]

DGUOK €.749T>C p.L250S [32,41]

DGUOK €.763G>T p.D255Y [32,43]

DGUOK €.763_766dupGATT p.F256X [32,40]

DGUOK c.797T>G p.L266R [32,35,34]

Ref Seq NM_080916.1

[23] A. Blazquez, M. Martin, M. Lara, R. Marti, Y. Campos, A. Cabello, R. Garesse, ].

[24]

[25]

[26]

[27]

[28]

Bautista, A. Andreu, J. Arenas, Increased muscle nucleoside levels associated with
a novel frameshift mutation in the thymidine phosphorylase gene in a Spanish
patient with MNGIE, Neuromuscul. Disord. 15 (2005) 775-778.

J. Vissing, K. Ravn, E.R. Danielsen, M. Duno, F. Wibrand, R.A. Wevers, M. Schwartz,
Multiple mtDNA deletions with features of MNGIE, Neurology 59 (2002) 926-929.
F.J. Carod-Artal, M.D. Herrero, M.C. Lara, E. Lopez-Gallardo, E. Ruiz-Pesini, R. Marti,
J. Montoya, Cognitive dysfunction and hypogonadotrophic hypogonadism in a
Brazilian patient with mitochondrial neurogastrointestinal encephalomyopathy
and a novel ECGF1 mutation, Eur. ]. Neurol. 14 (2007) 581-585.

A. Bourdon, L. Minai, V. Serre, J.P. Jais, E. Sarzi, S. Aubert, D. Chretien, P. de Lonlay,
V. Paquis-Flucklinger, H. Arakawa, Y. Nakamura, A. Munnich, A. Rotig, Mutation of
RRM2B, encoding p53-controlled ribonucleotide reductase (p53R2), causes
severe mitochondrial DNA depletion, Nat. Genet. 39 (2007) 776-780.

B. Bornstein, E. Area, K.M. Flanigan, J. Ganesh, P. Jayakar, K.J. Swoboda, J. Coku, A.
Naini, S. Shanske, K. Tanji, M. Hirano, S. Dimauro, Mitochondrial DNA depletion
syndrome due to mutations in the RRM2B gene, Neuromuscul. Disord. 18 (2008)
453-459.

A. Spinazzola, R. Santer, O.H. Akman, K. Tsiakas, H. Schaefer, X. Ding, C.L.
Karadimas, S. Shanske, ]. Ganesh, S. Di Mauro, M. Zeviani, Hepatocerebral form of
mitochondrial DNA depletion syndrome: novel MPV17 mutations, Arch. Neurol.
65 (2008) 1108-1113.
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Table 8
Mutations in the mitochondrial thymidine kinase gene, TK2, associated with mtDNA

depletion syndrome.

Gene Mutation Protein Reference or contributor
(if unpublished)

TK2 c.134dupT p.W46V{sX40 Claude Jardel and
Anne Lombeés

TK2 €.259C-T p.Q87X [44]

TK2 ¢.268dupG p.E90GfsX102 [45]

TK2 €.282+2T>C Splice mutation Rita Horvath and
Birgit Czermin

TK2 c.285C>G p.I95M [46]

TK2 €.299A>G p.N100S [44]

TK2 c317CT p.T106M [47]

TK2 €.324C>G p.C108W [48]

TK2 ¢394C>T p.R132C Claude Jardel and
Anne Lombés

TK2 c.404A>G p.N135S [49]

TK2 c.449C>T p.T150M [46,41,50]

TK2 c.460T>A p.Y154N [36]

TK2 €.486_487delinsAA p.H163N [51,46]

TK2 €.499C>T p.Q167X [49]

TK2 ¢514C>T p.R172W [52]

TK2 c515G>A p-R172Q [36]

TK2 €542CT p.A181V [48]

TK2 c.673C>G p.R225G [45,53]

TK2 c.673C>T p.R225W [47,52]

TK2 c.701G>A p.R234K [41]

TK2 €.730_732delAAG p.K244del [53]

TK2 c761T>A p.1254N [51]

TK2 ¢.770T>C p.L257P [48]

TK2 ¢.886C>T p.R296X [45]

Ref Seq NM_004614.3

[29] A.Navarro-Sastre, E. Martin-Hernandez, Y. Campos, E. Quintana, E. Medina, R.S. de
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