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A POLG2 Homozygous Mutation in an Autosomal Recessive 
Epilepsy Family Without Ophthalmoplegia

Dear Editor, 
Epilepsy is a chronic neurological disorder characterized by recurrent seizures with ab-

normal electrical activity. Epilepsy could be caused by both genetic and environmental fac-
tors. More than a thousand genes have been reported to be associated with epilepsy.1

This study examined a Pakistani autosomal recessive epilepsy family (Fig. 1A). The patient 
was a 27-year-old male born after an uncomplicated pregnancy. He began to experience fo-
cal epileptic seizures with secondary generalization at the age of 23 years. Their frequency 
was irregular and so difficult to quantify, but seizures occurred roughly twice weekly. A com-
bination therapy with valproate and carbamazepine as anti-epileptic drugs was applied, but 
this produced no response. Brain imaging performed at the same time showed normal find-
ings. His deceased younger brother also had experienced intractable seizures that did not re-
spond to valproate and carbamazepine. Neither patient had liver disease, ophthalmoplegia, 
ptosis, nystagmus, or myopathy, and their parents showed no symptoms of epilepsy or oph-
thalmoplegia. 

Exome sequencing revealed seven rare functionally significant variants (allele frequencies 
≤0.01) from the ~1,400 reported epilepsy-related genes (Supplementary Table 1 in the on-
line-only Data Supplement). Among them, a homozygous mutation (c.694G>A, p.G232S) 
in POLG2 (DNA polymerase gamma 2, accessory subunit) was only consistent with the re-
cessive inheritance mode. This mutation was not observed in 300 controls. Although the 
POLG2 mutation was already registered in the dbSNP database (rs143660836), it was rarely 
reported in several public human genome databases, having allele frequencies of ≤0.0002. 
Both of the unaffected parents of the patient were heterozygous for this mutation (Fig. 1B). 
The p.G232 site is well conserved among vertebrate species (Fig. 1C), and several in silico 
analyses have predicted a pathogenic effect for this mutation (Supplementary Table 2 in the 
online-only Data Supplement). Thus, we thought that the POLG2 mutation might act as 
likely pathogenic. The other six variants were not considered as the genetic cause due to their 
non-segregation with the affected family member. However, we could not completely rule 
out their pathogenicity, because mutations in some epilepsy genes show incomplete pene-
trance.2 They might have a role as association factors that influence the phenotypic variability. 

Several POLG2 mutations have been reported in autosomal dominant progressive exter-
nal ophthalmoplegia (adPEO, PEOA4: MIM 610131), with various additional symptoms of 
ataxia, tremor, myopathy, and seizure.3,4 Most POLG2 mutations are associated with long 
deletion(s) of mitochondrial DNA (mtDNA). Our patient and his mother showed a novel 
deletion in the mtDNA obtained from blood samples (Fig. 1D). The deletion occurred 
within m.8812–12296, with an exact size of 3,485 bp (Fig. 1E and F). Ten genes were com-
pletely or partially deleted by this deletion. A partial short inverted repeat sequence was pres-
ent near the breakpoints (TTACACCAA/TTGGTGCAA). Once the mtDNA depletion had 
been determined, no significant difference in mtDNA content was observed between the 
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patient and gender- and age-matched controls (Supplementary 
Fig. 1 in the online-only Data Supplement).

POLG2 encodes a 55-kDa accessory subunit that increases 
the processivity of the catalytic subunit of DNA polymerase 
gamma encoded by POLG. More than 300 POLG mutations 
have been reported, but few POLG2 mutations have been re-
ported as genetic causes. Most pathogenic mutations of POLG2 
have been found to be the dominant type.3,4 There is a recent 
report of a patient with a homozygous POLG2 mutation hav-
ing severe hepatic failure and mitochondrial depletion.5 The 
p.G232S described here is the second recessive mutation re-
ported in POLG2. 

Most mutations in POLG2 are implicated in PEO with the 
additional symptom of seizures. However, no PEO symp-
toms were observed in the present patient or both of his nor-
mal parents. Therefore, this might be the first report of a pa-
tient with a homozygous POLG2 mutation mainly associated 
with epilepsy. The findings of this study will help the molecu-
lar diagnosis of epilepsy by extending the range of clinical phe-

notypes caused by POLG2 mutations.
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