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AlphaScreen technology allows the development of high-throughput homogeneous proximity assays. In these
assays, signal is generated when 680 nm laser light irradiates a donor bead in close proximity to an acceptor
bead. For the detection of nucleic acids, donor and acceptor beads are brought into proximity by two bridging
probes that hybridize simultaneously to a common target and to the generic oligonucleotides attached
covalently to the beads. This method allows the detection of as little as 10 amole of a single-stranded DNA
target. The combination of AlphaScreen with allele-specific amplification (ASA) and allele-specific hybridization
(ASH) has allowed the development of two homogenous single-nucleotide polymorphism (SNP) genotyping
platforms. Both types of assay are very robust, routinely giving accurate genotyping results with < 2 ng of
genomic DNA per genotype. An AlphaScreen validation study was performed for 12 SNPs by using ASA assays
and seven SNPs by using ASH assays. More than 580 samples were genotyped with accuracy >99%. The two
assays are remarkably simple, requiring no post-PCR manipulations. Genotyping has been performed
successfully in 96- and 384-well formats with volumes as small as 2 µL, allowing a considerable reduction in the
amount of reagents and genomic DNA necessary for genotyping. These results show that the AlphaScreen
technology can be successfully adapted to high-throughput genotyping.

Single-nucleotide polymorphisms (SNPs), which are
found every 250–350 bp, are responsible for most of
the genetic variation that exists among human beings
(Cargill et al. 1999; Hacia et al. 1999). Because of their
high density, SNPs are viewed as invaluable tools for
the mapping of genes implicated in complex human
diseases, drug response, and drug metabolism (Schafer
and Hawkins 1998; Zhao et al. 1998; Evans and Relling
1999; Kruglyak 1999; McCarthy and Hilfiker 2000;
Roses 2000).

Numerous SNP genotyping platforms are being de-
veloped concurrent with the worldwide SNP discovery
effort. Microchip technologies (Pastinen et al. 1997;
Syvänen 1999; Chee et al. 1996;Wang et al. 1998;Win-
zeler et al. 1998; Fan et al. 2000; Pastinen et al. 2000)
allow the parallel analysis of many SNPs but typically
are used to analyze the SNP profile of a limited number
of individuals. Several other technologies have been
developed for, or adapted to, SNP genotyping, includ-
ing mass spectrometry (e.g., Ross et al. 1998; Tang et al.
1999; Griffin and Smith 2000), pyrosequencing (Ahma-
dian et al. 2000; Alderborn et al. 2000), flow cytometry
(Cai et al. 2000; Chen et al. 2000), fluorescence polar-
ization (Gibson et al. 1997; Chen et al. 1999), cleavase
assays (Lyamichev et al. 1999; Mein et al. 2000), and

dynamic allele-specific hybridization (DASH; Howell et
al. 1999). In general, these latter approaches are used to
screenmany samples for each SNP. In most genotyping
assays, post-amplification steps such as purification of
PCR products and additional enzymatic reactions are
required. Multistep processes are costly in terms of re-
agent and labor and increase the risk of cross-
contamination. Some approaches using fluorescence
resonance energy transfer, such as TaqMan probes
(Holland et al. 1991; Livak et al. 1995), Scorpion prim-
ers (Whitcombe et al. 1999), and Molecular Beacons
(Tyagi and Kramer 1996; Tyagi et al. 1998; Marras et al.
1999), alleviate these problems by allowing the online
reading of results, but they offer limited throughput and
require expensive dual-labeled oligonucleotides (oligos).

AlphaScreen homogenous proximity assays were
developed initially to measure interactions between
biological binding partners (Ullman et al. 1994, 1996;
Bossé et al. 2000). In these assays, a light signal is gen-
erated when a donor (D) bead and an acceptor (A) bead
are brought into proximity (Ullman et al. 1994). The D
beads contain phthalocyanine, a photosensitizer that
generates short-lived singlet oxygen on irradiation at
680 nm. The singlet oxygen species diffuse only a short
distance (∼200 nm) before decaying to the ground
state. The A beads contain a mixture of chemilumi-
nescer and fluorophores. On reacting with singlet oxy-
gen, the chemiluminescer molecules undergo a series
of chemical transformations that culminate in a time-
delayed energy transfer to the fluorophores. The acti-
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vated fluorophores, in turn, emit an amplified light
signal at ∼600 nm, a shorter wavelength than the in-
cident light. This cascade of reactions, coupled with
time-resolved detection, results in high signal with
very low background. The AlphaScreen technology has
been developed successfully for high-throughput drug
discovery applications (Bossé et al. 2000; BioSignal
Packard Inc.) by using streptavidin-coated D beads and
antibody-conjugated A beads.

AlphaScreen can be adapted for the detection of
nucleic acids (Patel et al. 2000). For this purpose, ge-
neric oligos are covalently bound to the surface of the
D and A beads. Currently, oligos of sequence dA24 are
conjugated to the D bead and oligos of sequence
d(AGTA)6 to the A bead, although other oligos could be
used. To generate a signal, these two generic beads are
brought into proximity by hybridization to two bridg-
ing detection oligos that can bind simultaneously to a
common nucleic acid target (Fig. 1). In this report, we
show that the AlphaScreen technology is an exquis-
itely sensitive method for the quantitation of nucleic
acids, with a detection limit in the low picomolar
range. We also describe two high-throughput homoge-
neous genotyping methods based on the coupling of
AlphaScreen detection with ASA or ASH. In both meth-
ods, PCR and probe hybridization are performed in the
same reaction mix, and genotype analysis can be per-
formed immediately after thermal cycling.

RESULTS AND DISCUSSION

Sensitivity of AlphaScreen for the Detection
of Nucleic Acids
The sensitivity and linearity of AlphaScreen was as-

sessed in a probe assay (illustrated in Fig. 1), by using
serial dilutions of a 47-mer single-stranded oligo target
(Fig. 2A). Two bridging probes, containing sequences
that are complementary to nonoverlapping portions of
the target were used to bring the D and A beads to the
oligo target. After probe and bead hybridization, the
signal was read. A sensitivity of 10 amole was obtained,
and the signal remained linear up to 3 fmole of target
(Fig. 2A). An RNA target of identical sequence also
could be detected with a similar sensitivity (data not
shown). The specificity of the reaction was shown by
the addition of genomic DNA to the detection mix.
The AlphaScreen signal was not affected significantly
by the inclusion of 1 ng/µL of denatured human ge-
nomic DNA (Fig. 2A), indicating that the assay is spe-
cific to the target and that AlphaScreen could be used
to detect targets from complex mixtures.

The introduction of a denaturation step before
probe hybridization allows the detection of double-
stranded targets, permitting AlphaScreen to be coupled
to PCR in a homogeneous assay in which probes and
beads are included with the PCR mix during reaction
setup. For this application, PCR annealing temperature
should be above 63°C. High annealing temperatures
avoid the potential interference of the bridging probes
with the PCR. An example of the detection of a PCR
product using AlphaScreen detection reagents is
shown in Figure 2B. A region of the human Betaine/
GABA Transporter 1 (BGT-1) gene was PCR-amplified
and detected in a single-well reaction (Fig. 2B). Samples
were removed from the thermal cycler every two cycles
between 20 and 34 cycles and kept on ice. At the end of
the assay, the samples were heated together at 98°C for
7 min to inactivate the Taq polymerase and denature

Figure 1 Schematic representation of the AlphaScreen detection of nucleic acids. See text for details.
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the DNA strands. Detection then was performed as de-
scribed in Methods. After only 20 cycles, a 6.5-fold sig-
nal-to-background ratio was obtained (Fig. 2B). Maxi-
mum signal was obtained after 30 cycles with
1,000,000 specific counts, which is a 500-fold signal to
background ratio. At 32 and 34 cycles, there was a
slight but reproducible decrease in signal due to excess
target molecules that compete for probe binding and
decrease the AlphaScreen signal. To avoid the occur-
rence of this effect, we determine the number of am-
plification cycles giving maximal signal for each assay
by using a constant ratio of beads to probes (25 µg/mL
of both beads and 10 nM of each detection probe). In
most cases, equimolar concentrations of PCR product
and probes will give a maximal AlphaScreen signal. In
our experience, this usually occurs between 26 and 30
cycles of PCR.

Coupling of AlphaScreen
to Allele-Specific Amplification
ASA has been used for several years for the genotyping

of SNPs and small deletions/insertions (Newton et al.
1989; Okayama et al. 1989). The coupling of AlphaS-
creen to ASA has allowed the development of homo-
geneous assays amenable to high-throughput genotyp-
ing. Allele-specific PCR primers were designed with
a second mismatch at the penultimate position of
the primer to increase the specificity of the amplifica-
tion reaction (Little 1995). AlphaScreen ASA assays
were performed in two wells, one for each allele-
specific primer pair. The reaction setup requires
only the addition of the PCR/AlphaScreen mix (i.e.,
PCR reagents, bridging probes, and beads) and ge-
nomic DNA.

A validation study of AlphaScreen ASA was under-
taken (Table 1). First, a set of four assays was validated
in-house for SNPs from the National Center for Bio-
technology Information (NCBI) SNP database (http://
www.ncbi.nlm.nih.gov/SNP/). The AlphaScreen results
were compared to those obtained by direct sequencing
of PCR products. A second set of assays was developed
for two common SNPs found in the genes CDC45L and
TBX1. These samples had been genotyped previously
by single-stranded conformational polymorphism as-
say in the laboratory of one of the authors (M.L.B.) at
the Division of Human Genetics, Department of Pedi-
atrics, University of Pennsylvania. Five additional as-
says were developed for a set of WIAF SNP markers
(Whitehead Institute SNP database; http://www.
genome.wi.mit.edu/SNP/human/index.html). For
these, validation was performed by comparing Alpha-
Screen ASA to TaqMan genotyping results obtained in
the laboratory of Dr. Thomas J. Hudson (Montreal Ge-
nome Centre, McGill University, Montreal). A total of
355 correct genotypes were obtained from 358
samples, with accuracy > 99%. Two of the three dis-
crepant samples were retyped with AlphaScreen and

Figure 2 Detection of nucleic acid targets. (A) Detection of a
47-mer oligonucleotide in the presence (diamonds) or absence
(circles) of genomic DNA (1 ng/mL). (B) Detection of the BGT-1
PCR product after 20–34 PCR cycles. (open circles) Samples with
1 ng/µL DNA per reaction; (filled circles) no DNA controls.

Table 1. Validation of AlphaScreen Allele-Specific Amplification

SNP marker
Alternative genotyping

method

Number
of samples

tested
Correct

genotypes

NCBI assay Id 4621 Sequencing 20 20
NCBI assay Id 4568 Sequencing 20 20
NCBI assay Id 394 Sequencing 17 17
NCBI assay Id 5173 Sequencing 20 20
NCBI assay Id 336 Sequencing 20 20
CDC45La Single-strand conformation polymorphism 22 22
TBX1b Single-strand conformation polymorphism 21 20
WIAF-3710 5�-nuclease assay (TaqMan probes) 41 41
WIAF-395 5�-nuclease assay (TaqMan probes) 44 44
WIAF-985 5�-nuclease assay (TaqMan probes) 45 45
WIAF-896 5�-nuclease assay (TaqMan probes) 44 42
WIAF-332 5�-nuclease assay (TaqMan probes) 44 44

Total 358 355 (99.2%)

aCDC45L: exon 18, G to A transition.
bTBX1: exon 2, G to C transversion.
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were confirmed to be heterozygous rather than homo-
zygous, as originally determined. The third sample
could not be reassayed because of lack of patient DNA.
Amplification of an internal control allowing the de-
tection of PCR failures would have detected at least two
of the three miscalls found in the study. After these
experiments, an internal standard has been incorpo-
rated into the assays (see below).

A typical example of AlphaScreen ASA genotyping
of 21 samples is illustrated in Figure 3. After allele-
specific PCR and bead hybridization, the specific
counts for each allele of SNP WIAF-896 were deter-
mined by transferring 10 µL of the reaction to a 384-
well Proxiplate (Packard Instrument Co.) and record-
ing the AlphaScreen signal. Raw data presented in Fig-
ure 3A show clear allele discrimination. Amplification
from the allele A–specific primer gave slightly less sig-
nal than that of allele C, but in all wells in which am-
plification of allele A occurred, > 100,000 counts were
detected.

Figure 3B shows an automatically generated
graphical view of the WIAF-896 genotyping results.
The ratio of the counts obtained for both alleles was

calculated and plotted on a
logarithmic scale. Each point
represents a sample. A/A homo-
zygote samples had allelic ra-
tios ranging from 10- to > 100-
fold. Allelic ratios for the three
C/C homozygotes were �0.01
indicating a 100-fold allelic dis-
crimination. The A/C allelic ra-
tios for the heterozygous
samples were close to, but
slightly lower than, 1.0 reflect-
ing the lower signal observed
for allele A in Figure 3A.

The minimum concentra-
tion of genomic DNA required
for the AlphaScreen ASA as-
say was determined (Fig. 3C).
The amount of genomic DNA
in a 20-µL reaction was varied
from 0.02 ng to 20 ng. This cor-
responds to a range of 6 to 6000
molecules of haploid genome
per well. At 1 ng, a signal to
background (S/B) ratio of > 30
was measured for both alleles
of a heterozygous sample. At
0.1 ng, S/B ratios of between 8
and 16 were obtained. At lower
concentrations of DNA, the sig-
nal approaches background
levels. The extreme sensitivity
of AlphaScreen detection

should permit a major reduction in the amount of ge-
nomic DNA needed per SNP genotype.

Coupling of AlphaScreen to
Allele-Specific Hybridization
A second high-throughput AlphaScreen genotyping
platform, which combines AlphaScreen with ASH, has
been validated. The AlphaScreen ASH offers the same
design simplicity as AlphaScreen ASA: the PCR and Al-
phaScreen reagents are added to the wells as a single
reaction mix with the genomic DNA. Separate wells are
required for the detection of the two alleles. ASH de-
tection is based on the hybridization of allele-specific
bridging probes to the PCR product. This specific probe
has the polymorphic base in the center of its target-
specific portion and will hybridize preferentially to the
perfect-matched allele, at a temperature that destabi-
lizes the mismatched probe. Competing oligos comple-
mentary to the alternative allele, but lacking sequence
complementary to the beads, are added to the PCR/
AlphaScreen mix. These competing oligos have been
found to increase the specificity of hybridization by
the probes.

Figure 3 AlphaScreen ASA genotyping of SNP WIAF-896. (A) AlphaScreen signal obtained
after the allele-specific amplification of WIAF-896 in 21 CEPH genomic DNA samples. (solid
bars) Samples amplified with the A-specific PCR primer; (white bars) samples amplified with
the C-specific primer. (Ctrl) No DNA sample. (B) Log plot of the allelic ratio of the Alpha-
Screen signal for the two alleles (A/C). Each point represents a single CEPH individual. (C)
Titration of genomic DNA for the WIAF-896 AlphaScreen ASA assay by using an A/C heterozy-
gote sample.
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AlphaScreen ASH has been developed for seven
SNP assays. The optimal hybridization temperature for
allele discrimination was determined using a 96-well
gradient thermal cycler in which every column was set
to a different temperature (PTC-200; MJ Research). For
the seven AlphaScreen ASH assays, the optimal hybrid-
ization temperature was found to be between 53°C and
63°C, primarily depending on the Tm of the allele-

specific probe. The results ob-
tained for the ASH genotyping
of 21 Centre d’Etude du Poly-
morphisme Humain (CEPH)
DNAs for SNP WIAF-896 assay
are presented (Fig. 4). In Figure
4A, the probe hybridization
step is performed at 54.5°C,
which is the optimal temper-
ature for allele discrimina-
tion, although accurate geno-
typing results were obtained
between 52°C and 56°C (data
not shown). PCR could be per-
formed using 28–33 cycles, with-
out affecting the specificity of
the assay (data not shown). The
graphical view of the allelic ratio
presented in Figure 4B clearly
shows the sample genotypes. Ti-
tration of genomic DNA showed
that the WIAF-896 ASH assay is
extremely sensitive (Fig. 4C). Ro-
bust S/B ratios were detected us-
ing only 0.1 ng of genomic DNA
per well, which corresponds to
∼300 copies of haploid genome.
Decreasing the DNA concentra-
tion to 0.02 ng of genomic DNA
still allowed the correct genotyp-
ing of the three possible geno-
types (Fig. 4C; data not shown).

As with AlphaScreen ASA,
the accuracy of AlphaScreen ASH was determined. Five
ASH assays were developed for SNP markers that had
been tested previously with ASA assays (NCBI assay Id
394, 4568, 4621, 5173, and WIAF-896) and two assays
for ApoE (C112R and R158C), a gene associated with
late onset Alzheimer (LOA) disease (Corder et al. 1993;
Poirier et al. 1993). All the genotypes obtained for the
first five AlphaScreen ASH assays matched previous Al-

Table 2. Validation of AlphaScreen Allele-Specific Hybridization

SNP marker
Alternative genotyping

method(s)

Number
of samples

tested
Correct

genotypes

NCBI assay Id 4621 AlphaScreen ASA and sequencing 22 22
NCBI assay Id 4568 AlphaScreen ASA and sequencing 22 22
NCBI assay Id 394 AlphaScreen ASA and sequencing 22 22
NCBI assay Id 5173 AlphaScreen ASA and sequencing 23 23
WIAF-896 AlphaScreen ASA and sequencing 22 22
ApoE Known genotypes (LOA panel) 20 20
ApoE Sequencing 94 94

Total 225 225 (100%)

Figure 4 AlphaScreen ASH genotyping assay of SNP WIAF-896. (A) AlphaScreen signal ob-
tained from 21 CEPH genomic DNA samples after allele-specific hybridization of the detection
probes at 54.5°C. (solid bars) Samples amplified with the A-specific PCR primer; (white bars)
samples amplified with the C-specific primer. (Ctrl) No DNA sample. (B) Log plot of the ratio of
the AlphaScreen signal obtained for the two alleles (A/C). Each point represents a single CEPH
individual. (C) Titration of genomic DNA for the WIAF-896 AlphaScreen ASH assay by using an
A/C heterozygote sample.
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phaScreen ASA or direct sequencing results (Table 2). A
set of 57 DNA samples, including 10 of known geno-
type from a LOA disease DNA panel (Coriell Cell Re-
positories), was genotyped for ApoE C112R and R158C
mutations. All 114 ApoE genotypes from AlphaScreen
ASH assays agreed with those of the LOA disease panel
or with those obtained by direct sequencing of PCR
products. An overall accuracy of 100% thus was ob-
tained for ASH with a total of 225 correct genotypes.

Amplification Control
The most likely source of errors in genotyping in Al-
phaScreen will be from the failure of a sample to am-
plify. Thus, a heterozygote could be mistyped as a ho-
mozygote. To further improve genotyping accuracy,
amplification of an internal control can be integrated
to the AlphaScreen ASA and ASH assays to detect PCR
failures. An additional PCR primer pair, which ampli-
fies a control PCR product, can be included in the PCR/
AlphaScreen mix. After the initial reading of the geno-
types, probes specific for the control product are added
to the samples, and a second hybridization step is per-
formed. High AlphaScreen signal should be detected in
every well in which amplification occurred. An ex-
ample of the detection of a control PCR product for the
WIAF-896 ASA genotyping assay is available as supple-
mental information at http://www.genome.org.

A simpler approach has been developed for ASH,
which avoids the addition of a second set of probes.
Specific probe hybridization is first performed at the
optimized hybridization temperature. An aliquot of
the sample is read and the remaining sample is simply
reheated, and the probes are reannealed at 37°C. At
this lower temperature, most probes will show reduced
discrimination for mismatched templates. A signifi-
cant increase in signal should be observed for the mis-
matched allele in homozygous samples if amplifica-
tion has occurred. An example of this approach with
the ASH WIAF-896 assay is available as supplemental
information at http://www.genome.org.

Genotyping from Complex Mixtures
Multiplex PCR procedures have been developed in sev-
eral laboratories to save on reagents, time, and operat-
ing costs. Successful multiplex amplification of sets of
46 loci has been reported (Wang et al. 1998), but in
most laboratories, the development of multiplex PCR
is still a long process that allows, at most, multiplexing
8–10 different PCRs. As a preliminary demonstration of
the potential of AlphaScreen for the detection of tar-
gets from multiplexed samples, PCR products for five
ASH SNP assays were amplified separately and mixed
after PCR. The hybridization of the allele-specific
probes was performed both on the single samples and
on an aliquot of the pooled samples. Correct genotypes
were obtained for all the SNP markers in both the

single and the pooled series, indicating that Alpha-
Screen could be used for the detection of multiplexed
PCR products. The result of this experiment is repre-
sented graphically in supplemental information at
http://www.genome.org.

Automation and Miniaturization
To further automate the genotyping process and avoid
cross-contamination of samples, we read AlphaScreen
ASH reactions directly from sealed thermocycler plates
(Fig. 5). DNA samples of the three possible WIAF-896
genotypes were tested in a white 384-well thermocy-
cler plate in 2-µL and 10-µL reaction volumes (Fig.
5A,B). After PCR and probe hybridization, the plate
was read directly without removing the seal. The S/B
ratio for homozygous samples was ∼10, and that of
heterozygous samples was ∼1 independent of volume.
There is a reduction in total signal observed with the
384-well PCR plate compared with the ProxiPlates due
to the PCR plate geometry and reflectivity, and in-
creased distance of the samples from the detector.

Conclusion
In this report, we show that AlphaScreen can be used
efficiently for detecting nucleic acids. The coupling of
AlphaScreen to PCR has allowed the development of
two novel homogeneous genotyping platforms. The
AlphaScreen homogeneous genotyping assays have
several qualities that make them attractive and com-
petitive genotyping platforms. First, assays are straight-
forward to develop and simple to set up. Only two
reagent additions are made to the PCR plates. The
genotypes can be analyzed directly after PCR, as there
is no need to remove free nucleotides, perform addi-
tional enzymatic reactions, or purify PCR products.
Both types of assays are very robust. High allele dis-
crimination is achieved (Figs. 3, 4), and genotyping
results can be obtained from a wide range of DNA con-
centrations (Figs. 3C, 4C). The format of the Alpha-
Screen assays is flexible, ranging from single PCR tubes

Figure 5 Miniaturization of the WIAF-896 AlphaScreen ASH as-
say. Samples representing the three genotypes were chosen. (A
and B) Genotyping reactions in a 384-well format in which Al-
phaScreen signal was determined directly in the thermocycler
plate. Reaction volume is indicated at the bottom of each panel.
(Ctrl) No DNA sample.
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to a 384-well format, allowing easy scale-up and the
automation of the entire genotyping process. Alpha-
Screen is compatible with multiplexing and assay min-
iaturization (Fig. 5). These features, combined with the
fact that unlabelled oligos and generic beads are used
for signal detection, will make AlphaScreen very cost
effective for large-scale genotyping projects.

METHODS

Beads
AlphaScreen donor and acceptor beads are chemically modi-
fied latex particles of ∼250 nm in diameter. Oligonucleotides
were coupled to the beads according to Patel et al. (2000). The
binding capacity of the beads is measured as described (Patel
et al. 2000). Approximately 7000 oligos are bound to each
bead. AlphaScreen beads, loaded with generic oligos, are avail-
able from BioSignal Packard Inc. (www.biosignalpackard.
com) for evaluation and purchase.

DNA Samples
Genomic DNA samples used for this study were obtained from
various sources. In the AlphaScreen ASA validation study,
samples for genotyping of the WIAF SNPs were from coded
samples collected by the group of Dr. Thomas Hudson (Mon-
treal Genome Centre, McGill University Health Center Re-
search Institute, Montreal, Québec, Canada). The coded
samples used for the genotyping of the TBX-1 and CDC45L
were individuals recruited at the Division of Genetics, Depart-
ment of Pediatrics of the University of Pennsylvania School of
Medicine. For the other assays in the validation study, ge-
nomic DNA samples were obtained from the Coriell Cell Re-
positories. They included DNA samples from CEPH reference
family members, from individuals in the DNA Polymorphism
Discovery Resource, and from individuals in the late onset
familial Alzheimer disease collection of the Aging Cell Reposi-
tory of the National Institute of Aging.

Primer and Probe Selection
PCR primers of ∼30 nucleotides were selected. Pairs of detec-
tion probes, hybridizing to the same strand of a nucleic acid
target, were designed with a target-specific region of 17 to 24
bases and with a 20-base generic tail. One of the probes had a
dT tail complementary to the donor-bead oligos whereas the
other had a d(TACT)5 tail, complementary to the acceptor
bead oligos. In most cases, generic tails were at the 3� end of
the probe target-specific region to eliminate the possibility of
DNA polymerization from the probe terminus. In some
probes, the generic tail was added to the 5� end. In this case,
a 3� phosphate group was added to prevent elongation from
the probe terminus during PCR. Importantly, the pairs of
bridging probes that were selected were unable to form stable
heteroduplexes that could generate high background signal at
room temperature. Primers and probes were purchased from
Life Technologies. PCR primers were unpurified desalted oli-
gos whereas bridging probes were purified with high pressure
liquid chromatography.

Probe Assay
Probes (10 nM) and beads (25 µg/mL each) were mixed with
serial dilutions of the target oligo in TKMB buffer (10 mM
Tris-Cl, 50 mM KCl, 4 mM MgCl2, 200 µg/mL bovine serum

albumin [BSA] at pH 8.0). After target denaturation for 5 min
at 94°C, probes were hybridized for 5 min at 50°C and beads
were annealed to the probes for 20 min at 37°C. A 10-µL
volume of each sample then was transferred to a 384-well
Proxiplate (Packard Instrument Company) and counted with
the AlphaQuest-HTS (Packard Instrument Company). With
this reader, samples are irradiated by a 680-nm laser for 0.3 sec
before the recording of the light emission between 520 nm
and 620 nm for 0.7 sec. Triplicate data points were made. The
47-mer target sequence was CTCCAATTTCTGACTGT
GAGTTTTTGCGCTGCGAATAGAAAAAGTCT. The probe se-
quences were CTCACAGTCAGAAATTGGAGTGTTTTT
TTTTTTTTTTTTTTT and TACTTACTTACT TACTTACTA
GACTTTTTCTATTCGCAGCGC.

Detection of PCR Products
For the detection of BGT-1 PCR products, AlphaScreen beads
and probes were added directly to the wells with the PCR
components as a single addition. The PCR/AlphaScreen mix
contains 250 nM of PCR primers, 10 nM of each detection
probes, 25 ng/µL of donor and acceptor beads, 200 µM of TTP,
dATP, dCTP, and dGTP, 0.01 U/µL of Taq polymerase (Qia-
gen), and 2.2 µg/mL of Taq-Start antibody (Sigma) in TKM
buffer (TKMB without BSA). For the assay development data
presented for the ASA and ASH WIAF-896 SNP assays, ampli-
fication was performed using 1 ng/µL of genomic DNA unless
otherwise stated. For the validation of SNP assays using pa-
tient DNA, variable DNA concentrations were used, and some
of the genotyping reactions were performed using < 0.1 ng/µL
of patient genomic DNA. PCR conditions were set as follows:
initial denaturation at 94°C for 5 min followed by 20–34
cycles of 10-sec denaturation at 94°C, 20-sec annealing at
68°C, and 30-sec elongation at 72°C. After PCR, the DNA
polymerase was inactivated for 7 min at 98°C, and probes and
beads were hybridized as described above. The PCR primers
were BGT-1 forward ACTCCAGGTCGGGGGCAGGGAAGCA
CATGG and BGT-1 reverse GTGTGGGGAGGCAGCAGATGT
TGGTGATGA. The probes for the detection of the amplified
BGT-1 product were AGCTGACGGATTCTCTTACTTACT
TACTTACTTACT and GCAGTGAGACTCTAGCTCTGTT
TTTTTTTTTTTTTTTTTT.

AlphaScreen Allele-Specific Amplification Assays
For each AlphaScreen ASA genotyping assay, allele-specific
PCR primers were designed with the polymorphic base at the
3� position of the allele-specific PCR primers. A mismatch was
introduced at the penultimate position of allele-specific prim-
ers to increase the specificity of the amplification reaction
(Little 1995). The two alleles of each SNP were amplified in
separate wells in the presence of beads and detection probes as
described above for the probe assay. The PCR primers selected
for the ASA WIAF-896 assay were forward 896-C-ASA, CCTTT
GTCATCATAATCATATAGCCAAGGGACCC or forward 896-
A-ASA, CCTTTGTCATCATAATCATATAGCCAAGGGACCA
and reverse 896-ASA, GGCAGGGCACAAAACTGACATCA
CATTGAAT. The probes for the detection of the amplified
products were TGGAATGACTTGAAGCAGCCAAATACT
TACTTACTTACTTACT and TTTTTTTTTTTTTTTTTTTTGCCA
TCTCCCATTCTTTTCCTTC-PO4. Boldface letters represent
polymorphic bases. The sequence of the primers used for the
assays developed for the validation study is available on re-
quest. The sequence of the primers and probes used for the
assays developed for the AlphaScreen ASA validation study are
available on request.
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AlphaScreen Allele-Specific Hybridization Assays
In AlphaScreen ASH assays, products encompassing the SNP
were amplified in two separate wells by using the amplifica-
tion conditions described above. In a first well, a probe with
one of the SNP bases at the center of the target specific region
was used together with a probe common to the two alleles. In
the second well, the probe corresponding to the other SNP
allele was used. The Tm of the common probe was equal to or
higher than the Tm of the allele-specific probes. To mask the
alternate allele product and increase specificity, we added 10
nM of a short oligo, matching perfectly the second allele, to
the wells. After PCR, the samples were heated at 98°C for 7
min. The optimal temperature for allele-specific probe hybrid-
ization was determined using a gradient thermal cycler (PTC-
200; MJ Research). Probe hybridization was performed at the
optimal temperature for 5 min and was followed by the hy-
bridization of the beads at 37°C for 20 min. The PCR primers
used for the WIAF-896 assay were forward 896-ASH, CCCT
TATCTTTTTAACCCCAAGACTTGTAG and reverse 896-ASH,
TCCTGGCCTGCCTGAGAGGTTTTGGAATGA. Detection
probes were probe 896-A, CCAAGGGACTAGGAATTTTGT
TTTTTTTTTTTTTTTTTTT or probe 896-C, CCAAGGGACTCG
GAATTTTGTTTTTTTTTTTTTTTTTTTT and common probe
896, CGATCATTTTCTCTGCCTATAGCTTACTTACTTAC
TTACTTACT. The competing oligos were CCAAGGGAC
TAGGAATTTTG and CCAAGGGACTCGGAATTTTG. Boldface
letters represent polymorphic bases. The optimal probe hy-
bridization temperature for the WIAF-896 was of 54.5°C. The
sequence of the primers and probes used for the assays devel-
oped for the AlphaScreen ASH validation study are available
on request.
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Bossé, R., Illy, C., Elands, J., and Chelsky, D. 2000. Miniaturizing
screening: How low can we go today? Drug Discov. Today HTS
supplement 1: 42–47.

Cai, H., White, P.S., Torney, D., Deshpande, A., Wang, Z., Marrone,
B., and Nolan, J.P. 2000. Flow cytometry-based minisequencing:
A new platform for high-throughput single-nucleotide
polymorphism scoring. Genomics 66: 135–143.

Cargill, M., Altshuler, D., Ireland, J., Sklar, P., Ardlie, K., Patil, N.,
Shaw, N., Lane, C.R., Lim, E.P., Kalyanaraman, N., et al. 1999.

Characterization of single-nucleotide polymorphisms in coding
regions of human genes. Nat. Genet. 22: 231–238.

Chee, M., Yang, R., Hubbell, E., Berno, A., Huang, X.C., Stern, D.,
Winkler, J., Lockhart, D.J., Morris, M.S., and Fodor, S.P. 1996.
Accessing genetic information with high-density DNA arrays.
Science 274: 610–614.

Chen, J., Iannone, M.A., Li, M.S., Taylor, J.D., Rivers, P., Nelsen, A.J.,
Slentz-Kesler, K.A., Roses, A., and Weiner, M.P. 2000. A
microsphere-based assay for multiplexed single nucleotide
polymorphism analysis using single base chain extension.
Genome Res. 10: 549–557.

Chen, X., Levine, L., and Kwok, P.Y. 1999. Fluorescence polarization
in homogeneous nucleic acid analysis. Genome Res. 9: 492–498.

Corder, E.H., Saunders, A.M., Strittmatter, W.J., Schmechel, D.E.,
Gaskell, P.C., Small, G.W., Roses, A.D., Haines, J.L., and
Pericak-Vance, M.A. 1993. Gene dose of apolipoprotein E type 4
allele and the risk of Alzheimer’s disease in late onset families.
Science 261: 921–923.

Evans, W.E. and Relling, M.V. 1999. Pharmacogenomics: Translating
functional genomics into rational therapeutics. Science
286: 487–491.

Fan, J.B., Chen, X., Halushka, M.K., Berno, A., Huang, X., Ryder, T.,
Lipshutz, R.J., Lockhart, D.J., and Chakravarti, A. 2000. Parallel
genotyping of human SNPs using generic high-density
oligonucleotide tag arrays. Genome Res. 10: 853–860.

Gibson, N.J., Gillard, H.L., Whitcombe, D., Ferrie, R.M., Newton,
C.R., and Little, S. 1997. A homogeneous method for genotyping
with fluorescence polarization. Clin. Chem. 43: 1336–1341.

Griffin, T.J. and Smith, L.M. 2000. Single-nucleotide polymorphism
analysis by MALDI-TOF mass spectrometry. Trends Biotechnol.
18: 77–84.

Hacia, J.G., Fan, J.B., Ryder, O., Jin, L., Edgemon, K., Ghandour, G.,
Mayer, R.A., Sun, B., Hsie, L., Robbins, C.M., et al. 1999.
Determination of ancestral alleles for human single-nucleotide
polymorphisms using high-density oligonucleotide arrays. Nat.
Genet. 22: 164–167.

Holland, P.M., Abramson, R.D., Watson, R., and Gelfand, D.H. 1991.
Detection of specific polymerase chain reaction product by
utilizing the 5�–3’� exonuclease activity of Thermus aquaticus
DNA polymerase. Proc. Natl. Acad. Sci. 88: 7276–7280.

Howell, W.M., Jobs, M., Gyllensten, U., and Brookes, A.J. 1999.
Dynamic allele-specific hybridization. A new method for scoring
single nucleotide polymorphisms. Nat. Biotechnol. 17: 87–88.

Kruglyak, L. 1999. Prospects for whole-genome linkage
disequilibrium mapping of common disease genes. Nat. Genet.
22: 139–144.

Little, S. 1995. Amplification-refractory mutation system (ARMS)
analysis of point mutations. In Current protocols in human
genetics, (ed. N.C. Dracopoli et al.) pp. 9.8.1–9.8.12. J. Wiley,
New York.

Livak, K.J., Marmaro, J., and Todd, J.A. 1995. Towards fully
automated genome-wide polymorphism screening. Nat. Genet.
9: 341–342.

Lyamichev, V., Mast, A.L., Hall, J.G., Prudent, J.R., Kaiser, M.W.,
Takova, T., Kwiatkowski, R.W., Sander, T.J., de Arruda, M., Arco,
D.A., et al. 1999. Polymorphism identification and quantitative
detection of genomic DNA by invasive cleavage of
oligonucleotide probes. Nat. Biotechnol. 17: 292–296.

Marras, S.A., Kramer, F.R., and Tyagi, S. 1999. Multiplex detection of
single-nucleotide variations using molecular beacons. Genet.
Anal. 14: 151–156.

McCarthy, J.J. and Hilfiker, R. 2000. The use of single-nucleotide
polymorphism maps in pharmacogenomics. Nat. Biotechnol.
18: 505–508.

Mein, C.A., Barratt, B.J., Dunn, M.G., Siegmund, T., Smith, A.N.,
Esposito, L., Nutland, S., Stevens, H.E., Wilson, A.J., Phillips,
M.S., et al. 2000. Evaluation of single nucleotide polymorphism
typing with invader on PCR amplicons and its automation.
Genome Res. 10: 330–343.

Newton, C.R., Graham, A., Heptinstall, L.E., Powell, S.J., Summers,
C., Kalsheker, N., Smith, J.C., and Markham, A.F. 1989. Analysis

AlphaScreen Single-Nucleotide Polymorphism Typing

Genome Research 607
www.genome.org

 Cold Spring Harbor Laboratory Press on August 9, 2022 - Published by genome.cshlp.orgDownloaded from 

http://genome.cshlp.org/
http://www.cshlpress.com


of any point mutation in DNA. The amplification refractory
mutation system (ARMS). Nucleic Acids Res. 17: 2503–2516.

Okayama, H., Curiel, D.T., Brantly, M.L., Holmes, M.D., and Crystal,
R.G. 1989. Rapid, nonradioactive detection of mutations in the
human genome by allele-specific amplification. J. Lab. Clin. Med.
114: 105–113.

Pastinen, T., Kurg, A., Metspalu, A., Peltonen, L., and Syvanen, A.C.
1997. Minisequencing: A specific tool for DNA analysis and
diagnostics on oligonucleotide arrays. Genome Res. 7: 606–614.

Pastinen, T., Raitio, M., Lindroos, K., Tainola, P., Peltonen, L., and
Syvanen, A.C. 2000. A system for specific, high-throughput
genotyping by allele-specific primer extension on microarrays.
Genome Res. 10: 1031–1042.

Patel, R., Pollner, R., de Keczer, S., Pease, J., Pirio, M., DeChene, N.,
Dafforn, A., and Rose, S. 2000. Quantification of DNA using the
luminescent oxygen channeling assay. Clin. Chem.
46: 1471–1477.

Poirier, J., Davignon, J., Bouthillier, D., Kogan, S., Bertrand, P., and
Gauthier, S. 1993. Apolipoprotein E polymorphism and
Alzheimer’s disease. Lancet 342: 697–699.

Roses, A.D. 2000. Pharmacogenetics and the practice of medicine.
Nature 405: 857–865.

Ross, P., Hall, L., Smirnov, I., and Haff, L. 1998. High level multiplex
genotyping by MALDI-TOF mass spectrometry. Nat. Biotechnol.
16: 1347–1351.

Schafer, A.J. and Hawkins, J.R. 1998. DNA variation and the future
of human genetics. Nat. Biotechnol. 16: 33–39.

Syvänen, A.-C. 1999. From gels to chips: “Minisequencing” primer
extension for analysis of point mutations and single nucleotide
polymorphisms. Human Mutat. 13: 1–10.

Tang, K., Fu, D.J., Julien, D., Braun, A., Cantor, C.R., and Koster, H.
1999. Chip-based genotyping by mass spectrometry. Proc. Natl.
Acad. Sci. 96: 10016–10020.

Tyagi, S. and Kramer, F.R. 1996. Molecular beacons: Probes that
fluoresce upon hybridization. Nat. Biotechnol. 14: 303–308.

Tyagi, S., Bratu, D.P., and Kramer, F.R. 1998. Multicolor molecular
beacons for allele discrimination. Nat. Biotechnol. 16: 49–53.

Ullman, E.F., Kirakossian, H., Singh, S., Wu, Z.P., Irvin, B.R., Pease,
J.S., Switchenko, A.C., Irvine, J.D., Dafforn, A., Skold, C.N., et al.
1994. Luminescent oxygen channeling immunoassay:
Measurement of particle binding kinetics by chemiluminescence.
Proc. Natl. Acad. Sci. 91: 5426–5430.

Ullman, E.F., Kirakossian, H., Switchenko, A.C., Ishkanian, J.,
Ericson, M., Wartchow, C.A., Pirio, M., Pease, J., Irvin, B.R.,
Singh, S., et al. 1996. Luminescent oxygen channeling assay
(LOCI): Sensitive, broadly applicable homogeneous immunoassay
method. Clin. Chem. 42: 1518–1526.

Wang, D.G., Fan, J.B., Siao, C.J., Berno, A., Young, P., Sapolsky, R.,
Ghandour, G., Perkins, N., Winchester, E., Spencer, J., et al.
1998. Large-scale identification, mapping, and genotyping of
single-nucleotide polymorphisms in the human genome. Science
280: 1077–1082.

Whitcombe, D., Theaker, J., Guy, S.P., Brown, T., and Little, S. 1999.
Detection of PCR products using self-probing amplicons and
fluorescence. Nat. Biotechnol. 17: 804–807.

Winzeler, E.A., Richards, D.R., Conway, A.R., Goldstein, A.L.,
Kalman, S., McCullough, M.J., McCusker, J.H., Stevens, D.A.,
Wodicka, L., Lockhart, D.J., et al. 1998. Direct allelic variation
scanning of the yeast genome. Science 281: 1194–1197.

Zhao, L.P., Aragaki, C., Hsu, L., and Quiaoit, F. 1998. Mapping of
complex traits by single-nucleotide polymorphisms. Am. J. Hum.
Genet. 63: 225–240.

Received November 27, 2000; accepted in revised form February 5, 2001.

Beaudet et al.

608 Genome Research
www.genome.org

 Cold Spring Harbor Laboratory Press on August 9, 2022 - Published by genome.cshlp.orgDownloaded from 

http://genome.cshlp.org/
http://www.cshlpress.com


 10.1101/gr.1725501Access the most recent version at doi:
2001 11: 600-608 Genome Res. 

  
Lucille Beaudet, Julie Bédard, Billy Breton, et al. 
  
Using AlphaScreen
Homogeneous Assays for Single-Nucleotide Polymorphism Typing

  
Material

Supplemental
  

 http://genome.cshlp.org/content/suppl/2001/04/01/11.4.600.DC1

  
References

  
 http://genome.cshlp.org/content/11/4/600.full.html#ref-list-1

This article cites 41 articles, 18 of which can be accessed free at:

  
License

Service
Email Alerting

  
 click here.top right corner of the article or 

Receive free email alerts when new articles cite this article - sign up in the box at the

 https://genome.cshlp.org/subscriptions
go to: Genome Research To subscribe to 

Cold Spring Harbor Laboratory Press

 Cold Spring Harbor Laboratory Press on August 9, 2022 - Published by genome.cshlp.orgDownloaded from 

http://genome.cshlp.org/lookup/doi/10.1101/gr.1725501
http://genome.cshlp.org/content/suppl/2001/04/01/11.4.600.DC1
http://genome.cshlp.org/content/11/4/600.full.html#ref-list-1
http://genome.cshlp.org/cgi/alerts/ctalert?alertType=citedby&addAlert=cited_by&saveAlert=no&cited_by_criteria_resid=protocols;10.1101/gr.1725501&return_type=article&return_url=http://genome.cshlp.org/content/10.1101/gr.1725501.full.pdf
http://genome.cshlp.org/cgi/adclick/?ad=56437&adclick=true&url=https%3A%2F%2Fwww.gencove.com%2F
https://genome.cshlp.org/subscriptions
http://genome.cshlp.org/
http://www.cshlpress.com

