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Abstract
 The ACE I/D polymorphism has been reported to influence predisposition to cardiovascular disease. Conflicting results 
in its detection may be due to mistyping of I/D genotypes as D/D genotypes occurring in the traditional genotyping 
method. In order to resolve mistyping troubles and to permit a rapid and accurate analysis, we performed a stepdown 
PCR reaction followed by detection using Nanogen technology, and we compared these results with those obtained from 
traditional genotyping methods, such as conventional and confirmatory PCR. The Nanogen stepdown method showed a 
100% sensitivity and 99.6% specificity, when compared with the confirmatory PCR. Our experiments provide evidence 
that, by using the Nanogen stepdown method, the DD mistyping was markedly decreased, thus representing a useful tool 
suitable for performing large-scale screening or research.
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Introduction
The ID polymorphism, in the gene encoding for angioten-
sin-converting enzyme (ACE), consists of the insertion (I) 
or deletion (D) of an Alu-type sequence in intron 16 of the 

gene. It has been reported that the D allele modulates serum 
levels of circulating enzyme with a dose-dependent effect,1 
and represents a predisposing factor to cardiovascular dis-
ease.2 Data from genetic association studies have reported 
conflicting results about the strength of this association, 
probably due to a different genetic background of popula-
tions or different number of samples analyzed. However, it 
has also been hypothesized that the conflicting results may 
be attributed to methodological and technical variations in 
detecting the polymorphisms.3

In particular, conventional PCR is known to have a ten-
dency to preferentially amplify the D allele in comparison 
to the I allele in a competitive amplification reaction, when 
both alleles are present (ID genotype).4 This leads to 
mistyping of ID genotypes as DD in approximately 4–5% 
of the samples. To avoid any mistyping of ID as DD, a con-
firmatory PCR amplification using insertion-specific prim-
ers is performed for all homozygotes for the D allele;5 this 
analysis, performed by agarose gel electrophoresis, high-
lights the presence of amplified products only in the pres-
ence of the I allele. Nevertheless, unamplified samples may 
also be associated with problems in the PCR reaction, 

rather than from the absence of the insertion allele, thus 
generating doubts in genotyping results.

In order to resolve mistyping problems, Chiang and col-
leagues6 tested a stepdown PCR method in 60 patients with 
cardiovascular disease. This new method requires an initial 
PCR annealing temperature higher than the melting point 
of the primers, followed by annealing temperatures reduced 
stepwise to the melting point, thus resulting in higher 
amplification specificity. The development of a rapid and 
accurate genotyping technique, performed to analyze the 
ACE I/D polymorphism, may be relevant in both clinical 
and epidemiological studies.

Aims of our study were: (1) to perform the ACE I/D 
polymorphism detection through the stepdown PCR 
method6 applied to a high-throughput technology such as 
electronic microchip technology (Nanogen technology) 
and; (2) to compare genotyping results from this method 
with those from conventional and confirmatory PCR.
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Material and methods
In order to perform the analysis, we collected 426 blood 
samples from patients with abdominal aortic aneurysm. All 
subjects gave informed consent and the study complies 
with the Declaration of Helsinki and was approved by the 
local ethics committee.

First, we carried out a stepdown PCR by using a PCR 
protocol modified from that reported by Chiang6 in order 
to reduce differences between D and I allele amplification 
intensity as far as possible. Moreover, as we observed some 
differences in the ACE gene sequence in close proximity 
to the I/D polymorphism (rs4646994), we designed two 
novel primers, different from those reported by Rigat4 
(Figure 1) and also used in the stepdown protocol from 
Chiang6 (Table 1). Additionally, the insertion sequence 
(Alu) was 289 bp long, following Villar,7 and not 287 bp, 
as Rigat described.4

The stepdown PCR reaction was performed in a final 
volume of 25  μL containing 100  ng of genomic DNA, 
0.7  μl of 10  μM of each primer, 0.2  mM of each dNTP, 
1.5 μl MgCl2 (25 mM), 1.25 μl DMSO (5%) and 0.5 units 
of Taq DNA polymerase (GoTaq, Promega) in a 1× PCR 
reaction buffer. The amplification was performed by a PCR 
reaction in an MJ thermocycler (MJ Research) by denatur-
ing first at 95°C for 5 minutes and then repeating the fol-
lowing cycle: denaturing at 95°C for 1 minute, annealing at 
70°C for 1 minute and extension at 72°C for 1 minute. This 
cycle was repeated 5 times before reducing the annealing 
temperature to 65°C and then to 60°C (each cycle repeated 
5 times) and then to 60°C for 1 minute 5 seconds for 25 
cycles, with a final extension at 72° for 10 minutes.

Before proceeding further with the microarray analysis 
(NanoChip® Molecular Biology Workstation; 10 × 10 
NanoChip cartridge; Nanogen), we sequenced the PCR 
product, in order to verify its good quality (ABI310 auto-
mated sequencer).

After the amplification, the PCR products were desalted 
with Nucleo Fast System (96-well plates) from Macherey-
Nagel. A 30 μl volume from purified samples was mixed with 
30 μl of 100 mM histidine and placed in a 96-well Nunc plate 
(Nalge Nunc International). A 0.3 M NaOH solution, required 
for the denaturation of the PCR product, a 50 mM histidine 
solution, required for background subtraction, and three het-
erozygous control samples, for the normalization, were also 
added to the plate. The samples, prepared as described previ-
ously8, according to NanoChip guidelines, were electroni-
cally addressed to the pads on the cartridge. After addressing 
the amplicons on the array, the chip was rinsed with 150 μl of 
high salt buffer (50  mM sodium phosphate and 500  mM 
sodium chloride, pH 7.4) for 3 minutes and next with 100 μl 
hybridization mix containing the D-allele probe (5’-Cy3-
TGACTGTATATAGGCA-3’) and I-allele probe (5’-Cy5-
GTGACTGTATCACG-3’) was added before loading the 
cartridge into the instrument for the fluorescence scanning at 
the specific discrimination temperature. The mutation analy-
sis was performed with software that calculates the fluores-
cence values from each sample. The fluorescence signal ratio, 
deriving from both wild-type and mutant labelled probes, 
after fluorescence signal normalization by a heterozygous 
control sample, allows the genotype discrimination.9

Results
The genotyping results generated by the Nanogen technol-
ogy were compared with those obtained by the conven-
tional and confirmatory PCR.

By the conventional PCR method, 180 patients were 
genotyped as DD, 186 as ID and 54 as II. With the confir-
matory PCR, 11 (6.1%) mistyped DD samples have been 
demonstrated (Table 2). The stepdown method, applied to 
the Nanogen technology, showed one conflicting sample 
(0.2%) in comparison with the confirmatory PCR (K = 
0.995, agreement test for the stepdown-Nanogen method 

Table 1.  Traditional and new primers.

Traditional Primers Sequence Primer size CG content Amplicon size

Forward 5’-CTGGAGACCACTCCCATCCTTTCT-3’ 24 54%
482

Reverse 5’-GATGTGGCCATCACATTCGTCAGAT-3’ 25 48%

New Primers Sequence Primer size CG content Amplicon size

Forward 5’-CTGGAGAGCCACTCCCATCCTTTCT-3’ 25 56%
483

Reverse 5’-GAYGTGGCCATCACATTCGTCAGAT-3’ 25 48%

Figure 1.  Corrected ACE gene sequence (in bold insertion 
sequence (Alu), in italics and underlined primer sequence).
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and confirmatory PCR). In order to evaluate if this conflict-
ing result (ID in the confirmatory PCR vs DD in the step-
down-Nanogen method) was due to mistakes in the PCR 
protocol or to difficulties in the normalization process of 
the microarray analysis, we proceeded to the ‘mistyped 
sample’ stepdown PCR amplification and gene sequencing 
(ABI310 automated sequencer). The sequencing analysis 
revealed an ID genotype, so demonstrating that the 
‘mistyped result’ might be due to a failure in the fluores-
cence normalization and not to the stepdown PCR protocol.

Discussion
Although the difference in genotype distribution between 
conventional PCR and stepdown PCR applied to Nanogen 
technology (p = 0.76) was not statistically significant, DD 
mistyping was markedly decreased in the Nanogen step-
down method in comparison to conventional PCR.

Moreover, when evaluating the Hardy–Weinberg equi-
librium (HWE), required as a quality-control measure, in 
the conventional, confirmatory and stepdown PCR-
Nanogen analysis groups, we did not detect deviation 
from HWE (Table 2).

The analytical accuracy of the developed Nanogen 
stepdown method has also been evaluated. The Nanogen 
stepdown method shows a 100% sensitivity and 99.6% 
specificity, when compared with the results from confirma-
tory PCR.

In addition, the stepdown PCR followed by Nanogen 
detection reduces the technician hands-on-time in compari-
son to the traditional genotyping method. Moreover, the liq-
uid handling in all the reaction protocols was supported by the 
Biomek FX Workstation (Beckman Coulter, Fullerton, CA).

A limit of Nanogen technology is that it performs the 
normalization step by comparing the fluorescence values 
with those derived from heterozygous controls in order to 
assess the genotype discrimination, and thus it requires 
templates with a good intensity and good homogeneity 
between the alleles amplified in the heterozygous samples.

The stepdown method, modified from that described by 
Chiang6 in order to limit as far as possible the heterogeneity 
in the intensity of the amplified alleles, has been shown to 
be more adaptable to electronic microchip technology than 
traditional PCR, since it improves the quality of templates. 

Indeed, traditional PCR produces templates with uneven 
intensity, because of the preferential amplification of the D 
allele.

Conclusions
In conclusion, our results demonstrate the reliability of 
ACE I/D detection through Nanogen technology, carried 
out after the amplification of the samples with a stepdown 
method, modified from that described by Chiang.6 However, 
we are aware that small research labs may not be equipped 
with Nanogen technology. In such a case, the stepdown 
PCR that we suggest, followed by confirmatory PCR, 
should become the preferred method for the analysis of the 
ACE I/D polymorphism.

Stepdown PCR followed by Nanogen detection avoids 
the need for confirmatory PCR, so limiting the difficulties 
and uncertainties inherent in genotyping results; moreover, 
the application of Nanogen technology does not require the 
use of hazardous reagents, such as ethidium bromide, nec-
essary for agarose gel preparation and permits high-
throughput polymorphism detection.

Owing to the relevance of ACE I/D polymorphism 
detection in clinical and epidemiological studies, the devel-
opment of a genotyping technique, more rapid and accurate 
than the traditional detection method, such as stepdown 
PCR applied to Nanogen technology, might provide a suit-
able tool for performing large-scale screening or research.
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