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1. Introduction 

We have been investigating a new approach to realize an 
electrochemical detection for DNA chips, although a num-
ber of fluorescent detection methods are widely used for 
SNP genotyping [1]. The novel concept of a genetic field 
effect transistor (FET) is proposed in the present study for 
improving precision, standardization and miniaturization of 
a DNA chip system. The genetic FET is composed of Si 
with Si3N4/SiO2 as the gate insulator on which DNA probes 
are immobilized and subsequently hybridized with target 
DNA in sample solutions. The potentiometric detection 
method is based on the direct transduction of surface den-
sity change of charged biomolecules into electrical signal 
by the field effect and is effective for charged species such 
as DNA molecules. Here, we report the concept of genetic 
FET and the ability of SNP genotyping by controlling hy-
bridization temperatures, and by the utilization of interca-
lator or primer extension reaction using the genetic FET. 
 
2. Principle of genetic FET 

The measurement diagram and the photograph of FET 
chip for direct detection of allele specific oligonucleotide 
hybridization are shown in Fig. 1. The genetic FET is im-
mersed in a measurement solution together with a Ag/AgCl 
reference electrode with saturated KCl solution. The poten-
tial of a measurement solution is controlled by the reference 
electrode. Oligonucleotide probes are immobilized on the 
gate surface. When target DNA are contained in a sample 
solution, hybridization occurs at the surface of the gate area. 
Since DNA molecules are negatively charged in an aqueous 
solution, they electrostatically interact with electrons in Si 
crystal through the thin gate insulator. As a result of the 
interaction, hybridization reaction can be detected in prin-
ciple by measuring the change in the electrical characteris-
tics of the FET, such as the threshold voltage (VT) shift at 
constant ID. 
We make use of ionized characteristic of intercalator in 

combination with the genetic FET, while it is used as a 
fluorescent reagent in the conventional methods [2]. Inter-
calator is ionized and positively charged in an aqueous so-
lution, and reacts specifically with double-stranded DNA 
on the gate surface. Hence, an undesirable background 
noise such as non-specific adsorption of single-stranded 
DNA can be eliminated by the use of intercalator. 

A primer extension can be controlled by a match or mis-
match at the 3’-terminus of the probe. When the 
3’-terminus of the oligonucleotide probe is matched to the 
target DNA, primer extension reaction occurs and oligonu-
cleotide is synthesized and extended. Since oligonucleotide 
is negatively charged in an aqueous solution, increase of 
the negative charges at the gate surface can be detected 
with the genetic FETs (Fig. 2a). On the other hand, exten-
sion reaction does not occur and the charges at the gate 
surface dose not change, when the 3’-terminus of the oli-
gonucleotide probe is not matched to the target DNA (Fig. 
2b). Thus, the allele specific extension event on genetic 
FET will allow detection of SNP genotyping. 

 
3. Results and Discussion 
3.1. Control of hybridization temperature and utilization of 
intercalator for SNP genotyping 

Based on the principle of genetic FET, allele specific oli-
gonucleotide hybridization and reaction between dou-
ble-stranded DNA and intercalator were successfully de-
tected with genetic FETs. The VT of the genetic FET shifted 
in the positive direction for hybridization and in the nega-
tive direction for intercalation, because of intrinsic charges 
of DNA and intercalator (Fig. 3).  
Ability to discriminate SNP was examined using the ge-

netic FET. We have prepared two types of the genetic FETs 
to detect single base change in the target DNA. We used 
the R353Q locus of factor VII gene [3] as a model sample. 
Normal oligonucleotide probes were immobilized on the 
gate surface of one of the genetic FETs (N-type genetic 
FET), while mutant oligonucleotide probes were immobi-
lized on the gate surface of the other genetic FETs (M-type 
genetic FET). Both genetic FETs were hybridized with a 
normal sample and a mutant sample, respectively. One-base 
change of the target DNA could be detected with the 
N-type genetic FET and the M-type genetic FET. Our pre-
liminary results show that control of hybridization tem-
perature (Fig. 4a) and utilization of intercalator (Fig. 4b) 
lead to the significant improvement of the signal to noise 
ratio for SNP analysis using the genetic FET. 
 
3.2. SNP genotyping based on primer extension 

When thermostable DNA polymerase and dNTPs were 
introduced into the gate surface after hybridization with the 
complementally target DNA, the interface potential at the 
gate surface was monitored. The time course of the VT 
change during primer extension reaction is shown in Fig. 5. 
The VT shift during extension reaction increased drastically 
up to 10mV. This positive change in the VT of genetic FET 
is due to negative charges of polynucleotide extended by 
primer extension reaction.  
For SNP genotyping based on allele specific primer ex-

tension, we used the -122 locus of factor VII gene [3] as a 
model sample. We have prepared two types of N-type and 
M-type genetic FETs for the simple SNP typing analysis. 
The N-type genetic FET and M-type genetic FET were 
hybridized with a normal/normal (n/n) homozygote sample, 
a normal/mutant (n/m) heterozygote sample and a mu-
tant/mutant (m/m) homozygote sample, respectively. When 
the DNA polymerase-assisted extension reaction occurred 
at the gate surface after hybridization, the ratios of the VT 
shift of the N-type genetic FET and M-type genetic FET 
were 9.90, 0.90, 0.06 for a n/n homozygote sample, a n/m 
heterozygote sample and a m/m homozygote sample, re-
spectively (Fig. 6). We found that the primer extension 
reaction after hybridization could be transduced directly 
into electrical signal using genetic FETs and was effective 
to distinguish genotypes of the target DNA. 
 
4. Conclusions 
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A new method to detect DNA molecules has been pro-

posed using a field effect transistor (FET). Using genetic 
FET, single nucleotide polymorphism (SNP) genotyping 
could be realized by controlling hybridization temperatures, 
and by the utilization of intercalator and primer extension 
reaction.  
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 Figure 3 Electrical signals of molecular recognition events on the genetic

field effect transistor (FET). 
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Figure 4 Discrimination of single nucleotide polymorphism (SNP)

using genetic field effect transistor (FET). a, SNP detection by allele

specific oligonucleotide hybridization at controlled temperatures. Hy-

bridization was carried out at 60 ℃ for normal sample, and at 57 ℃ for

mutant sample, respectively. b, SNP detection using genetic FETs in

combination with intercalator. 
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Figure 5 Time course of threshold voltage VT shift during primer 

extension reaction. DNA polymerase was introduced into genetic 

FET at 100 s. 
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Figure 6 Genotyping analysis using genetic FET. The N-type and

M-type genetic FETs were hybridized with a n/n homozygote sample, a

n/m heterozygote sample and a m/m homozygote sample, respectively. 

a b 

Figure 2 Scheme for potentiometric detection of allele specific exten-

sion using genetic FET. We used the -122 locus of factor VII gene as a 

model sample. 

Figure 1 Schematic diagram for measurements of electrical characteris-

tics of genetic FET (a) and photograph of the fabricated genetic FET 

chip, which is n-channel depletion type (b). 

a b 
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