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Abstract 

Background: The mitochondrial 12S rRNA A1555G mutation is the most prevalent deafness-causing mitochondrial 
DNA (mtDNA) mutation and is inherited maternally. Studies have suggested that A1555G mutations have multiple 
origins, although there is no direct evidence of this. Here, we identified a family with a de novo A1555G mutation.

Method: Based on detailed mtDNA analyses of the family members using next-generation sequencing with 1% 
sensitivity to mutated mtDNA, the level of heteroplasmy in terms of the A1555G mutation in blood DNA samples was 
quantified.

Results: An individual harbored a heterogeneous A1555G mutation, at 28.68% heteroplasmy. The individual’s son 
was also a heterogeneous carrier, with 7.25% heteroplasmy. The individual’s brother and mother did not carry the 
A1555G mutation, and both had less than 1% mitochondrial 12S rRNA A1555G heteroplasmy.

Conclusion: The A1555G mutation arose de novo in this family. This is the first report of a family with a de novo 
A1555G mutation, providing direct evidence of its multipoint origin. This is important for both diagnostic investiga-
tions and genetic counselling.
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Background
Deafness is a common health problem, affecting approxi-
mately 1 in 1000 newborns worldwide [1]. Hearing loss 
can be caused by genetic and environmental factors. 
Approximately 60% of congenital hearing impairment 
cases have a genetic cause, with autosomal dominant, 
autosomal recessive, X-linked, and mitochondrial pat-
terns of inheritance [2]. Mutations in the GJB2, mito-
chondrial 12S rRNA, and SLC26A4 genes play important 
roles in hearing loss. More than 200 point mutations in 

mitochondrial DNA (mtDNA) have been reported in 
the mtDNA mutation database MITOMAP. Since the 
deafness caused by A1555G mutation in the mitochon-
drial 12S rRNA gene was first reported by Prezant et al. 
in 1993, many mitochondrial 12S rRNA A1555G mutant 
families associated with aminoglycoside induced deafness 
and maternally inherited nonsyndromic deafness have 
been reported all over the world, with its prevalences of 
2.4% in European sensorineural deafness patients and 
3.2% in Chinese sensorineural deafness patients [3–5]. 
The A1555G mtDNA mutation in the 12S rRNA gene is 
the third most common deafness-causing mutation in the 
Chinese population [3].

The A1555G mutation is located in the aminoacyl-
tRNA acceptor site of the small ribosomal subunit, which 
is highly conserved from bacteria to mammals [6]. Little 
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is known about the incidence of de novo A1555G muta-
tions. Here, we report an individual with a de novo heter-
ogeneous A1555G mutation in 12S rRNA who presented 
with normal hearing. This provides direct evidence of the 
multipoint origin of the A1555G mutation.

Materials and methods
Patients
We reviewed the genetic characteristics of families pos-
sessing the A1555G mutation in the database of the 
Genetic Testing Center for Deafness (PLA General Hos-
pital, Beijing, China) and found a family (Family 2362) 
that did not fully conform to the maternal genetic char-
acteristics (Fig. 1). As controls, 200 individuals negative 
for GJB2, SLC26A4, and mtDNA 12S rRNA mutations 
were recruited, including 100 individuals with normal 
hearing (Group 1) and 100 patients with sensorineural 
hearing loss (Group 2).

Each participant underwent a comprehensive clinical 
history and physical examination. Audiological examina-
tions were performed, including pure-tone audiometry 
and auditory brainstem responses.

Paternity testing
Paternity was tested for three generations (I:1, II:1, II:2, 
and III:2) using genotype analysis of 15 informative chro-
mosome short tandem repeats (STRs).

Mutation analysis
Genomic DNA was extracted from the peripheral blood 
of subjects using a blood DNA extraction kit according to 
the manufacturer’s instructions (Tiangen, Beijing, China). 
All family members were screened for common deafness 
genes, including GJB2, SLC26A4, and mtDNA 12S rRNA, 
using polymerase chain reaction (PCR) amplification, 
and the exons were sequenced directly [7]. For quanti-
tative analysis of the mutation frequency at nucleotide 
1555 in the control group and members of Family 2362, 

capture and next-generation sequencing (NGS) of a 147-
bp DNA fragment corresponding to positions 1466–1612 
of the mitochondrial 12S rRNA gene was performed on 
the Ion Proton System.

Results
Deafness gene testing
Family 2362 is a three-generation Chinese family, in 
which one member has severe sensorineural hearing 
loss (Fig. 1). To clarify the cause of deafness in this fam-
ily member, we searched for the gene responsible for the 
deafness in the proband and her parents. The proband 
(III:1) had a compound heterozygous mutation in GJB2 
(c.176del16 and c.299delAT); the mother (II:3) car-
ried the c.176del16 mutation, the father (II:1) carried 
the c.299delAT mutation, and all three(II:1, II:3, III:1) 
lacked the A1555G mutation. To identify carriers of the 
c.299delAT mutation, family member II:2 with normal 
hearing was also tested for deafness genes. II:2 did not 
carry the c.299delAT mutation but had an A1555G het-
eroplasmic mutation in the mitochondrial gene, detected 
by Sanger sequencing. Further tests revealed that III:2 
also carried the A1555G heteroplasmic mutation, 
whereas I:1 lacked this mutation (Figs.  1, 2). Therefore, 
this study focused on the maternal lineage I:1, II:2, II:3, 
and III:2 to clarify the status of the A1555G mutation.

Paternity testing
The paternity of the three generations (I:1, II:1, II:2, and 
III:2) was confirmed by genotype analysis of 15 informa-
tive STRs of chromosomal DNA, which yielded probabil-
ities of paternity of 0.999999, assuming a prior probability 
of 0.50. Therefore, the family members were all related.

Quantitative analysis of the A1555G mutation
Targeted NGS showed that the subject (II:2) carried a 
heterogeneous A1555G mutation, at 28.68% hetero-
plasmy. The son of II:2 (III:2) was also a heterogeneous 
mutation carrier, with a level of heteroplasmy of 7.25%. 
The brother (II:1) and mother (I:1) of II:2 had 0.23% and 
0.03% A1555G heteroplasmy, respectively (Table 1).

The level of mitochondrial 12S rRNA A1555G hetero-
plasmy in all 100 controls with normal hearing (Group 1) 
and in 100 patients with severe sensorineural hearing loss 
(Group 2) was less than 1% and did not differ significantly 
between these two control groups (P > 0.05; Table 2).

Discussion
The mitochondrial 12S rRNA A1555G mutation is a hot 
spot for deafness-associated mutations in the Chinese 
population [8]. This mutation has been detected in up 
to 60% of hearing-impaired patients with previous expo-
sure to aminoglycosides and in 0.09–0.70% of the general 
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Fig. 1 The family diagram and mutations in family 2362
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population [9, 10]. The incidence of this mutation is much 
lower in nonsyndromic hearing loss than in aminoglyco-
side-induced hearing impairment. In a Chinese pediatric 
population, Lu et  al. reported that the incidence of the 
A1555G mutation was 1.43% in nonsyndromic hearing 

loss and 10.41% in aminoglycoside-induced hearing loss 
[11]. Although the contribution of the mtDNA A1555G 
mutation to congenital (prelingual, early childhood 
onset) deafness is minor, mitochondrial involvement is 
seen in patients with postlingual hearing impairment, a 
much larger population.

There is no treatment for mitochondrial hearing 
impairment, suggesting that testing for the mutation 
should be performed routinely before administering 
aminoglycoside antibiotics. Detection of the A1555G 
mutation is an important part of deafness gene screen-
ing. Sanger sequencing was long the gold standard for 
identifying unknown mtDNA point mutations before the 
advent of massively parallel sequencing analysis. How-
ever, the conventional Sanger sequencing does not have 
the sensitivity to detect heteroplasmic mutations below 
about 20%. NGS technologies have the capability of mas-
sively parallel sequencing and offer a robust platform for 
comprehensive analysis of mtDNA [12]. The small size 
of the mitochondrial genome resulting in high coverage 
at each nucleotide position enable more rapid, sensitive, 
and accurate quantification of low-level heteroplasmy. 
NGS is a powerful tool for detecting low-level hetero-
plasmy variants in the mitochondrial genome, which has 
greatly improved the ability to distinguish carriers from 

Fig. 2 Results of sanger sequencing. A I:1 without A1555G. B II:1 without A1555G. C II:2 with A1555G heteroplasmic mutation. D III:2 with A1555G 
heteroplasmic mutation

Table1 A1555G mutation of the maternal members in F2362

Subject Gender Age (years) Results 
of Sanger 
sequence

Results of 
NGS (G/A) 
(%)

I:1 Female 60 (–) 0.03

II:1 Male 33 (–) 0.23

II:2 Female 31 (+) 28.68

III:2 Male 1 (+) 7.25

Table2 Summary of A1555G mutation for two control groups

Group Number Hearing Heteroplasmy level (%)

Min Max Mean

1 100 Normal 0.03 0.26 0.11

2 100 Sensorinural 
hearing loss

0.01 0.31 0.10
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non-carriers. The sensitive detection and accurate quan-
tification of pathogenic heteroplasmic changes are help-
ful for risk prediction and genetic counseling.

In our study, targeted NGS showed that subject II:2 is 
a heterogeneous carrier of the mitochondrial 12S rRNA 
A1555G mutation at a level of 28.68% heteroplasmy. The 
son of II:2 (III:2) is also a heterogeneous mutation carrier 
at a level of 7.25% heteroplasmy. The brother (II:1) and 
mother (I:1) had 0.23% and 0.03% A1555G heteroplasmy. 
The level of mitochondrial 12S rRNA A1555G hetero-
plasmy tested by NGS in the 100 cases with normal hear-
ing and 100 patients with severe sensorineural hearing 
loss negative for GJB2, SLC26A4, and mtDNA 12S rRNA 
was less than 1% and did not differ significantly (P > 0.05) 
between these two groups.

The presence of the mtDNA mutation in subject II:2 
but not in her mother has three possible explanations: (1) 
other family members in the maternal lineage harbor the 
mutation, but at levels below the detection limit; (2) there 
is no biological relationship between subject II:2 and 
other family members tested; or (3) a de novo mutation 
occurred. We investigated all three possibilities.

To investigate the possibility that the mutation is 
present at a level below the sensitivity of the sequenc-
ing method, we sequenced the mtDNA at an average 
depth of 5000 × using NGS technology. The Ion Proton 
sequencing platform is sensitive enough to detect point 
mutations present with heteroplasmy levels as low as 
1%. In the control groups, the level of mitochondrial 12S 
rRNA A1555G heteroplasmy was less than 1%, confirm-
ing the accuracy of this method. The probability of multi-
ple false-negative results in the brother (II:1) and mother 
(I:1) is very low. Therefore, it is unlikely that other family 
members in the maternal lineage also carry the mutation 
at heteroplasmy levels below the detection limit.

To investigate non-kinship as the potential cause, we 
confirmed kinship from the mothers within the family. 
The paternity of the three generations (I:1, II:1, II:2, and 
III:2) was confirmed by genotype analysis of 15 informa-
tive STRs, yielding a probability of paternity of 0.999999, 
assuming a prior probability of 0.50. Having excluded 
kinship and sensitivity issues, we conclude that the 
A1555G mutation most likely appeared de novo in the 
family.

The A1555G mutation has been detected in patients 
with different haplotypes, indicating that de novo appear-
ance of the A1555G mutation has occurred frequently in 
the past. MtDNA is solely inherited maternally and does 
not recombine, consequently, mutations accumulate in 
maternal lineages. According to most literature reports, 
mitochondria have relatively less sophisticated DNA pro-
tection and repair systems and high mutation rates [13]. 
But there are very few reports about de novo mutation in 

mitochondria, so the frequency of de novo mutation in 
mitochondria is not clear. In our previous study, we found 
that among 193 families carrying mitochondrial A1555G 
mutation, only one family had de novo mutation. So the 
frequency of de novo mutation in mitochondrial A1555G 
is 0.52% based on our data. Although the mechanism 
behind the de novo appearance of the A1555G muta-
tion is unknown, we speculate that the mutation likely 
occurred during oogenesis (during embryonic develop-
ment of the mother) or during early embryonic develop-
ment of subject II:2.

There has been considerable debate about whether 
paternal mitochondrial DNA (mtDNA) transmission 
may coexist with maternal transmission of mtDNA, it 
is generally believed that mitochondria and mtDNA are 
exclusively maternally inherited in humans. This study 
did not verify the mitochondrial genetic maternal model. 
In the future research, we will supplement this part of 
work. In Fig. 1, we show the genetic relationship between 
I:1/II:2 and II:2/III:2 according to the law of maternal 
inheritance.

The observation of a de novo A1555G mutation is 
relevant for both diagnostic investigations and genetic 
counselling. First, even when there is no (maternal) fam-
ily history in patients with deafness, A1555G mutation 
screening should still be performed to identify the cause 
of the disease. Second, screening in maternally related 
family members is recommended to provide reliable 
counselling for these families, given that the A1555G 
mutation may have arisen de novo. A genetic diagnosis 
of the A1555G mutation in an isolated patient does not 
necessarily mean that others in the maternal lineage 
also harbor the mutation. Although the vast majority of 
A1555G mutations are inherited maternally, a thorough 
family investigation should always be performed. Genetic 
counselling for deafness caused by the A1555G mutation 
is complicated. In individuals treated with aminoglyco-
sides and thus at risk of hearing loss, mtDNA analysis 
can help predict hearing loss and the need to take pre-
cautions before symptom onset, as well as enable more 
accurate genetic counseling.

Conclusion
We identified a family in whom the A1555G mutation 
appears to have arisen de novo. This has importance for 
both diagnosing and counselling patients. Determining 
if a mutation is inherited or de novo affects counseling 
regarding the risk of recurrence. This is the first report 
of a family with a de novo A1555G mutation, and it pro-
vides additional information on the origin and inherit-
ance of the A1555G mutation.
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