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Letter to editor
A novel method of detecting mitochondrial m.1494C>T and m.1555A>G

mutations in a single PCR reaction using base-quenched probe

Dear Editor,

Aminoglycoside antibiotics have widely been used for treating patients suffering from
multidrug-resistant tuberculosis (MDR-TB) and other bacterial infections in China[1].
However, aminoglycoside antibiotics are a double-edged sword, despite its efficacy and
cost effectiveness they have known severe toxic side—effects, especially ototoxicity that
may lead a permanent hearing loss in certain individuals who are hypersensitive to the
drugs [2]. It has been reported that several mutations in the mitochondrial DNA (mtDNA),
including m.1555A>G[3], m.1494C>T[4], m.1095T>C[5], m.837A>G[6], and
m.1291T>C[7] may possibly associate with the sensorineural hearing loss, and mutations
of m.1555A>G and m.1494C>T at the highly conserved decoding site of 12S rRNA are
well documented being associated to either aminoglycoside antibiotics-induced or
non-syndromic hearing loss in families with different ethnic backgrounds [3, 4, 8, 9].

It has been demonstrated that mutation m.1494C>T might associate with
aminoglycoside-induced hearing loss in a large Chinese family[8, 10, 11]., while the
mutation m.1555A>G may contribute to both aminoglycoside-induced and nonsyndromic
hearing loss in families worldwide[12, 13]. Both m.1555A>G and m.1494C>T mutations
locate in a highly conserved region of 12SrRNA that is implicated in aminoglycoside
binding in bacteria. Screening these mutations in newborns or children may warn
clinicians to avoid subscribing aminoglycoside antibiotics, which may minimize the

occurrence of drug-induced deafness. In the present study we describe a simple, quick



and economic method to detect these mutations by using the base-quenched probe
technique that we established previously [14]. The key point of this method is based on
the phenomenon that certain fluorescent dyes can be influenced by the DNA bases.
During hybridization to its complementary sequence, fluorescence intensity of the probe
was quenched by the adjacent DNA base. Subsequently, fluorescence would be largely
increased during strand dissociation of the melting curve process. For a typical
homozygous wild-type sample of human chromosome DNA, a single melting valley
could be observed; for mixed alleles, two valleys could be observed; and for a
homozygous mutated sample, only a single valley at a melting temperature different from
that of wild-type allele could be observed.

In the present study, four 360-bp fragments were synthesized as the positive controls.
These four amplicons represent the four possible haplotype combinations such as
1494C/1555A, 1494C/1555G, 1494T/1555A and 1494T/1555G (Figure 1). Fragments
were amplified and purified, and then ligated to pUCS57 vector. The ligated products were
transformed into E. coli. IM109 competent cells. Extracted plasmid DNAs were used to
generate four standard melting curves for four different haplotypes.

Primers and probes for detecting m.1494C>T and m.1555A>G were designed
according to the sequence in the NCBI (NC_001807) (Table 1). Primers and probes were
synthesized and fluorescence modified by the Sangon. The probe should be blocked with
phosphate at the 3’end if FAM (Carboxyfluorescein) was labeled at the 5° end. In brief,
PCR was performed as follows: 40-80 ng of DNA template, 2.5 pl of 10x PCR buffer,
2.5 mM MgCl,, 0.2 mM 4xdNTPs, 1.25U Taq DNA polymerase, 10 pmol of each primer

and 2 pmol of probe in a final reaction volume of 25 pl. Thermal cycling was performed



in a LightCycler (Roche) under the following conditions: the cycling program consisted
of 2 min of initial denaturation at 95°C, followed by 40 cycles at 95 °C for 15 s
(temperature transition rate 20°C /s), 58°C for 5 s, and 72 °C for 25 s (temperature
transition rate 20°C /s). The analytical melting program involved heating the
amplicon/probe heteroduplex at 95°C for 30 s, 30°C for 4 min, and increased to 80 °C at
a temperature transition rate of 0.1 °C /s, with continuous acquisition of fluorescence data
in fluorescence channel 1 (F1). Then the probe melts off when the temperature is slowly
increased. At the same time, the fluorescence is largely increased. When mutated
haplotype exists, it will occur at different temperature compared with the wild-type
haplotype as we described previously[14]. Fig. 2 shows melting curves for genotyping
analysis. A sudden increase in fluorescence indicates sensor probe melting as shown in
Fig. 2(A). A mathematical transformation of the data-the negative first derivative of
fluorescence with respect to temperature (-dF/dT) vs. T[15] allows for an easier
interpretation of the results where the maximum value represents the TM as shown in Fig.
2. The A to G transition at position 1555 caused TMs shifted from 42°C to 51°C. The
mutant in 1494 from C to T could induce TMs shifted from 61°C to 51°C. In other words,
the TMs of 1494C, 1494T, 1555A and 1555G were 61°C, 51°C, 42°C and 51°C,
respectively. For example, when TMs were obtained as 42°C and 61°C, it could interpret
A and C in 1555 and 1494 site, respectively. When the single melting valleys were
visible there were T and G genotype in 1494 and 1555 site, because 1494T and 1555G
has the same TMs. Thus the genotype could easily be distinguished from the melting
curves.

In order to verify this base-quenched probe method for detecting hearing loss mutations,



we have performed a mutational analysis of the mitochondrial 12S rRNA gene in 117
deaf students of Changzhou Deaf School. All participants were informed by written
consent. 5 ml-whole blood was obtained from each volunteer. Genomic DNA was
isolated from whole blood by the UNIQ-10 column (Shanghai, China) according to the
manufacturer’s instructions. Among them, 3 subjects harbored the homoplasmic
mitochondrial DNA m.1555A>G mutation in the 12S rRNA gene. The frequency of the
m.1555A>G mutation is 2.56%. And no m.1494C>T mutation was detected in this
sample population. Although it is previously reported that the prevalence of 12S rRNA
m.1494C>T mutation is about 0.41% (13/3133) in the Chinese patients suffered from non
syndromic hearing loss[11]. Small experimental population may limit the detection of
m.1494C>T mutation in the present study. And in the other hand the ethnicity or regions
are also important factors in prevalence of a number of genetic diseases.

Furthermore this base-quenched probe method for detecting mutations was further
validated by the direct DNA sequencing analyses. The PCR products of m.1555A>G
mutation (3 samples) and non-mutation (12 samples) detected by base-quenched probe
were selected randomly from the 117 volunteers and sequenced directly on an automatic
sequencer from the Applied Biosystems (model 3730, Invitrogen, Shanghai, China). It
results a complete concordance between DNA sequencing and the base-quenched probe
method.

It has well been documented that mutations of 12S rRNA gene are the hot spots
related to the aminoglycoside antibiotics-induced and/or non-syndromic hearing loss[16]
and several deafness-associated mtDNA mutations have been identified in this gene.

m.1555A>G mutation in a highly conserved decoding site of the 12S rRNA could



associate with both aminoglycoside-induced and non-syndromic hearing loss in families
with different ethnic backgrounds,[3, 9, 17], and the m.1494C>T mutation is also
structurally equivalent to the m.1555A>G mutation in the 12SrRNA gene [4, 10, 11, 18].

In the present study we have described a simple, quick and economic method for
detecting m.1555A>G and m.1494C>T mutations of mtDNA simultaneously. During
recent years, certain techniques, including restriction fragment length polymorphism
(RFLP) genotyping, direct DNA sequence, and the resequencing Mitochip array have
been described and are even commercially available for detecting mtDNA mutations [3, 9,
17, 19], however, potential risk of contamination makes it difficult to avoid using
electrophoresis detection method. Although fluorescence resonance energy transfer
(FRET) by using two fluorescent dyes in close proximity is one of the most powerful and
promising methods for SNP genotyping[20], the expensive costs of fluorescent
modification and requirement of special equipment may limit its application widely in the
clinical testing.

Our method requires only one pair of primers and two probes and can detect
m.1555A>G and m.1494C>T mutations of mtDNA simultaneously in one real-time PCR
running. The precision of the method has been approved by the direct DNA sequence.
During the melting of the final PCR product, the sequence alteration can be detected as a
change in the TM of the base-quenched probe on Light-Cycler (version 3.5, Roche). In
the whole testing process there is no need to open the tubes, which could avoid secondary
contamination effectively.

In conclusion, comparing to existing methods, the base-quenched probe technique can

detect m.1494C>T and m.1555A>G mutations simultaneously in one PCR reaction,



which is a quick, economic and convenient method and it can also minimize the second

contaminant.
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Legend to figures
Fig. 1. The figure shows partial DNA sequences of four positive control amplicons for
the different genotype combinations, which represents four possible genotype

combinations, 1494C/1555A, 1494C/1555G, 1494T/1555A and 1494T/1555G,

respectively.

Fig. 2. Melting curve analysis. Curves of fluorescence (F) versus temperature (T) for
sequence-specific base-quenched probe complementary to the mitochondrial DNA
sequence was shown in Fig. 2A. Fig. 2 (B,C,D,E) shows the derivative melting curves
(-dF/dT vs. T) that depict the same data as in Fig. 2A. All of the derivative melting
valleys are oriented in negative scale and afford easier visualization of TMs. Fig 2B
shows the melting curve of 1494C/1555A haplotype. For the 1555A haplotype, TM is
about 42 °C, and for 1494C haplotype, the TM is about 61 °C. Melting curve of
1494C/1555G was show in Fig. 2C. The TM of 1494C and 1555G are 61 °C and 51°C,
respectively. Fig. 2D shows the melting curve of 1494T/1555A haplotype. Two melting
valleys were obtained in 51°C and 42 °C. 1494T and 1555G haplotype has the same TM,

51°C, but the area of melting valleys were increased (Fig. 2E).



Table 1. Sequences of primers and probes of A1555G and C1494T

Sequence ( 5" to 3") annealing position

Sense primer TCACCACCTCTTGCTCAGCCTAT 1235nt-1257nt
Antisense primer TGCACTTTCCAGTACACTTACCATGTT 1564nt-1590nt
C1494T probe GCCCGTCACCCTCCTCA -FAM

A1555G probe TAGAGGAGGCAAGTC-FAM

10



Fig. 1.

1494

1494C/1555A CCTEAAGCECETACACACCECCCET CAC!'CICCI CRACGTATACTTCARLCGCERCATTITAR
1494C/1555G CCTGRAGCGCGTACACACCGCCCGTCACCCTCCTCARGTATACTTCARAGGACATTTAR

1494T/1555A CCTGAAGCGCGTACACACCGCCCET CCTCARGTATACTTCARAGGACATTITAR
1494T/1555G CCTGARGCGCGTACACACCGCCCET CCTCAAGTATACTICARAGGACATTITRR
1555

1494C/1555A CTRRRRCCCCTIACGCATIIATATAGAGCAGACAAGTICGTARCATGCGTIAAGIGIACIGGER
1494C/1555G CTARAACCCCTACGCATTTATATAGAGGAG]CAAGTCGTAACATGGTAAGTGTACIGGA
1494T/1555A CTRR R R CCCCTRCGCATTTATATAGAGCAGRACARCTCETAACAT GETRAGT GTACTIGER
1494T/1555G CIMCCCCIACGCAI’TIAIATAGAGGAGICMGI CGTARCATGCTRAGTGTACTGGR

11



Fig. 2.
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