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We developed the SNPlex Genotyping System to address
the need for accurate genotyping data, high sample
throughput, study design flexibility, and cost efficiency.
The system uses oligonucleotide ligation/polymerase
chain reaction and capillary electrophoresis to analyze
bi-allelic single nucleotide polymorphism genotypes. It is
well suited for single nucleotide polymorphism genotyping
efforts in which throughput and cost efficiency are essen-
tial. The SNPlex Genotyping System offers a high degree of

ADDRESS CORRESPONDENCE AND REPRINT REQUESTS TO: Andreas
R. Tobler, Applied Biosystems, 850 Lincoln Centre Drive,
Foster City, CA 94404 (phone: 650-554-3586; fax: 650-572-
2743; email: toblerar@appliedbiosystems.com).

Journal of Biomolecular Techniques
-396— D,
16:396-404 © 2005 "‘A".i

N

flexibility and scalability, allowing the selection of custom-
defined sets of SNPs for medium- to high-throughput geno-
typing projects. Itis therefore suitable for a broad range of
study designs. In this article we describe the principle and
applications of the SNPlex Genotyping System, as well as a
set of single nucleotide polymorphism selection tools and
validated assay resources that accelerate the assay design
process. We developed the control pool, an oligonucle-
otide ligation probe set for training and quality-control
purposes, which interrogates 48 SNPs simultaneously. We
present performance data from this control pool obtained
by testing genomic DNA samples from 44 individuals. In
addition, we present data from a study that analyzed 521
SNPs in 92 individuals. Combined, both studies show the
SNPlex Genotyping System to have a 99.32% overall call
rate, 99.95% precision, and 99.84% concordance with
genotypes analyzed by TagMan probe-based assays. The
SNPlex Genotyping System is an efficient and reliable tool
for a broad range of genotyping applications, supported
by applications for study design, data analysis, and data
management.

Key Worbps: Single nucleotide polymorphism, genotyping,
high throughput, pharmacogenomics.

ifferences between individual genomes pro-
D vide a wealth of information regarding the

elements responsible for phenotypic differ-
ences among individuals.! Such differences, including
single tandem repeats (STRs) and single nucleotide
polymorphisms (SNPs), are important for studies
investigating the genetic nature of complex diseases,
drug responses, or quantitative traits, or for human
identification.

SNPs are the most abundant markers in the human
genome, and SNP genotyping, therefore, is a key tech-
nology for genome-wide analysis of genetic variation.
Different genotyping applications require screening
of different numbers of SNPs. The determination of a
single SNP (or mutation) can be sufficient to screen
for the presence of a Mendelian disease, such as cys-
tic fibrosis.?2 However, to evaluate whether mutations
within a class of genes contribute to a disease, hun-
dreds to thousands of SNPs must be studied in associa-
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A SNPlex Genotyping System assay protocol can be completed within two days. On the first day, the
OLA reaction, exonuclease purification, and PCR amplification are performed. On the second day, the
amplicons are immobilized on streptavidin-coated microtiter plates. ZipChute probes are hybridized to
complementary ZipCode sequences, and non-hybridized ZipChute probes are washed away. The bound

ZipChute probes are eluted and analyzed by CE.

tion studies. In addition to these quantitative aspects,
a genotyping system must provide the tools required
for efficient and flexible study designs, low sample
consumption, reasonable assay duration, access to
automation, and efficient data analysis and manage-
ment, in addition to excellent assay performance (con-
cordance, precision, and call rate).

Many SNP genotyping assays have been described
in the literature.3-> These approaches utilize stringent
allele-specific hybridization alone, or hybridization
coupled to an enzymatic step, such as 5" nuclease, liga-
tion, primer extension, or flap endonuclease. Several
platforms have been designed for the analysis of SNP
genotypes, including electrophoresis, fluorescent read-
out, oligonucleotide microarrays, mass spectrometry,
and beads. Ligation reactions can detect SNPs with
high specificity,°~7 and ligation reactions can be used
for SNP detection prior to or after PCR.® While other
approaches have distinct individual advantages, we
believe that the SNPlex Genotyping System meets all
the criteria listed above, combining robust SNP detec-
tion with automated assay readout and data analysis.
SNPlex system experiments are analyzed on industry-
standard CE platforms and processed by a suite of
supporting applications.

Assay Overview

The SNPlex Genotyping System consists of a set of pre-
optimized, universal assay reagents that are utilized
independently of the genotypes studied. The only
SNP-specific components of the assay are the ligation
probes that participate in the oligonucleotide ligation
(OLA). Currently, up to 48 SNPs can be addressed
simultaneously in one OLA reaction.

The assay workflow for the SNPlex Genotyping
System involves the following seven steps, designed
for easy automation, which can be completed within
two days (Figure 1): (1) allele-specific OLA reaction;
(2) purification of OLA reaction by exonucleolytic
digestion of excess probes and linkers; (3) universal
PCR reaction to amplify ligation products; (4) captur-
ing of biotin-labeled PCR products in streptavidin coat-
ed microtiter plates; (5) binding of ZipChute probes to
single-strand PCR products; (6) elution of hybridized
ZipChute probes; and (7) detection by CE.

Step one consists of the OLA reaction, during which
allele-specific oligonucleotide (ASO) probes and locus-
specific oligonucleotide (LSO) probes hybridize to the
genomic target sequence. Typically, 37 ng of gDNA is
used, resulting in the consumption of <1 ng of gDNA
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per genotype. These allele-specific and locus-specific
probes ligate when they are hybridized to a perfectly
matching sequence at the SNP site. Simultaneously,
universal linkers are ligated to the distal termini of the
ASO and LSO ligation probes. These linkers contain
universal PCR primer—binding sequences as well as
sequences complementary to ASO and LSO probes.
A unique ZipCode sequence is attached at the 5" end
of the genomic equivalent sequence within each ASO.
Consequently, by virtue of the ZipCode sequence,
the OLA step encodes the genotype information of
every SNP into unique ligation products. All probes
are designed to function under the same hybridization
conditions; therefore, no optimization of OLA reaction
conditions is required.

In step two, unligated probes and linkers, as well
as the genomic DNA, are removed by enzymatic diges-
tion using exonuclease I and lambda exonuclease. This
step is necessary to ensure the efficiency of the sub-
sequent PCR reaction. Step three involves the simul-
taneous PCR amplification of purified ligation prod-
ucts with a single pair of PCR primers, one of which
is biotinylated. Since we use a universal pair of PCR
primers, no optimization of PCR reaction conditions is
necessary. Next (step four), biotinylated amplicons are
bound within wells of streptavidin-coated microtiter
plates. Subsequently, the non-biotinylated strands are
removed, leaving single-stranded amplicons bound to
the microtiter plate.

In step five, fluorescently labeled universal Zip-
Chute probes hybridize to the bound single-stranded
amplicons. Each ZipChute probe contains a sequence
complementary to the unique ZipCode sequence
within each ASO; therefore, in order to analyze 48
SNPs, 96 different ZipCode sequences and 96 unique
ZipChute probes are required. Each ZipChute probe
further contains a mobility modifier, which assigns to
each ZipChute probe a specific rate of mobility dur-
ing CE. Finally, in steps six and seven, the specifically
bound ZipChute probes are eluted into CE buffer and
analyzed on an Applied Biosystems 3730/3730x/ DNA
Analyzer.

GeneMapper software is used for analyzing the
raw CE data and calling SNP genotypes (Figure 2).
Because one SNP is typically characterized by two
possible alleles, two fluorescent peaks in a CE electro-
pherogram represent the two alleles of a specific SNP.
GeneMapper analysis software assigns individual gen-
otypes, based on the intensity and location of peaks.

In this paper we describe the performance of the
SNPlex Genotyping System. We used a probe set, called
the control pool, which interrogates 48 population-
validated SNPs (Table 1). We tested this control pool
against 44 genomic DNAs, which were each repre-

sented eight times on a 384-well plate. In addition, we
describe the design and performance of 11 probe sets
that analyzed 521 SNPs in 92 individuals. For both stud-
ies, we report the pass rate, call rate, precision, and con-
cordance with data from TagMan probe-based assays.

RESULTS

We used the control pool, analyzing 48 SNPs, to test
the performance of the SNPlex system. To design the
control pool, we selected population-validated SNPs
for which TagMan probe-based assays were available.
Each SNP has a minor allele frequency of at least 0.1
in one or more of the following populations: African-
American, Caucasian, Japanese, and Chinese (Table D).
Using the control pool probe set, we then analyzed 44
gDNAs of Caucasian origin, each spotted eight times
per 384-well plate, which equals 16,896 genotype calls
per plate. The plates with sample DNA used in this
study were pre-manufactured and contained 37 ng of
dried-down fragmented gDNA.

SNPIlex System Performance Evaluation |

To test the robustness of the SNPlex Genotyping Sys-
tem, three laboratories each tested three identical
384-well plates and analyzed them on three 3730x/
DNA analyzers. For each plate, we determined the
pass rate, call rate, precision, and the concordance
with genotypes from TagMan probe—based assays
(Table 2). The pass rate is the percentage of SNPs
that meet minimal quality requirements. GeneMapper
analysis software uses empirical parameters, such as
signal strength and cluster separation, to determine
whether the plot characteristics of a SNP are within
assay specifications. The call rate is the percentage of
successful genotype calls per passing SNP; precision
is the reproducibility of identical genotype calls within
one plate; and concordance is the agreement between
genotype calls measured with TagMan probe-based
assays and the SNPlex Genotyping System. Output
tables for pass rate and call rate were calculated by
GeneMapper software.

SNPlex System Performance Evaluation Il

To analyze the performance of the SNPlex Genotyp-
ing System on a more representative and larger set of
SNPs, we chose confirmed SNPs from human chromo-
some 21. The SNP set was selected from the dbSNP
NCBI database. Initially, 2476 SNPs were selected from
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FIGURE 2

GeneMapper software analyzes the electropherogram of a SNPlex system sample (A). Two neighboring
peaks indicate the genotype of a particular SNP. The software creates for each SNP a genotype plot and
uses a clustering algorithm to assign genotypes. SNP genotypes can be displayed as a Cartesian plot
(middle) in which the intensity of both peaks is measured on the x and y axis, or as a polar plot (right),
in which the intensity of the peaks is measured on the x axis (length of arrow in Cartesian plot), and the
ratio of both peak heights (angle of arrow in Cartesian plot) is measured on the y axis. The data point at
the top of the arrow in the Cartesian plot is circled in the polar plot. B: Cluster plots representing three
SNPs from the control pool probe set, analyzing 44 genomic DNAs eight times on one 384-well plate.
In each plot, 352 genotype calls are shown. The black square represents the position of a data pointif no

genomic DNA is used (non-template control).

the first 10 MB of chromosome 21. The SNPs had to
be bi-allelic markers, mapping to a unique region in
the genome. SNPlex system probe sets were designed
using our automated assay design pipeline. After
screening the SNP sequences, the pipeline produced
designs and multiplex pools containing 2243 SNPs, a
successtul design rate of 90.59%. Those SNPs predicted
to have a low likelihood of providing valid data are
rejected by the assay design pipeline. Pre-screening
SNPs reduces the cost of synthesis and shortens analy-
sis time. A subset of 521 SNPs in 11 multiplex pools
was tested in triplicate, using 92 genomic DNAs from
the Coriell Diversity Panel (Coriell Institute for Medi-
cal Research, Camden, NY). For this second data set,

we calculated the assay pass rate, call rate, precision
and concordance with genotype data from TagMan
assays (Table 3)

The average pass rate for all 521 SNPs in the three
assay replicas was 93.07%. The overall assay conver-
sion rate (design rate x assay pass rate) therefore was
84.31%. The average precision of the genotype calls
was 99.94%. Precision in this case means the repro-
ducibility of identical genotype calls across different
plates, prepared and analyzed at different times. Con-
cordance with TagMan assay results was 99.70%. The
concordance calculation was based on TagMan assay
data available for 19,116 (40%) of the 47,932 tested
genotypes.
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TABLE 1

Composition of Control Pool

SNP # hCVv TSC rst AfAm Cauc Chin Japn
1 hCVv2058031 TSC0630913  rs1425151 0.23 0.26 0.28 0.28
2 hCV7547436  TSC0691193 rs1457947 0.39 0.42 0.49 0.44
3 hCV1901045 TSC0806211 rs1323881 0.29 0.2 0.38 0.37
4 hCV7536854 TSC0556240  rs1388276 0.46 0.33 0.34 0.45
5 hCV2597763  TSC0926934  rs1980408 0.12 0.23 0.48 0.44
6 hCVv2059319 0.43 0.31 0.15 0.08
7 hCVv8929459  TSC0339341 rs1035089 0.16 0.42 0.38 0.38
8 hCVv2986015 TSC0295775  rs705681 0.21 0.45 0.22 0.22
9 hCVv8720462 TSC0165692 rs893613 0.3 0.48 0.41 0.4
10 hCV349615 TSC0314577  rs992690 0.16 0.24 0.34 0.36
11 hCVv8879897 0.43 0.46 0.44 0.45
12 hCV7505765 TSC0265430  rs961495 0.26 0.19 0.2 0.08
13 hCV1637791  TSC0016017  rs729673 0.45 0.4 0.24 0.2
14 hCV1691378  TSC0265475 rs1115261 0.48 0.46 0.18 0.28
15 hCVv3194437 TSC0301076  rs984071 0.2 0.29 017 0.17
16 hCV7571632 TSC0243654  rs927221 0.16 0.15 0.28 0.45
17 hCV7537265 TSCO0129483  rs748573 0.32 0.22 0.33 0.33
18 hCV7589926 0.3 0.11 N/A N/A
19 hCv8845932 TSC0324505  rs1156404 0.27 0.47 0.17 0.17
20 hCVv2179737 0.33 0.2 0.43 0.31
21 hCVv8792022 TSC0213380  rs879253 0.21 0.45 0.21 0.08
22 hCVv2489240 TSC0098582  rs1016146 0.12 0.35 0.48 0.27
23 hCV2025116  TSC0757622 rs1507213 0.12 0.48 0.48 0.5
24 hCV1653240 TSCO136611 rs751340 0.42 0.37 0.24 0.18
25 hCVv357822 TSCO0783613  rs1520483 0.1 0.41 0.48 0.48
26 hCV8686971 TSC0465947  rs1570903 0.23 0.44 0.45 0.26
27 hCV706864  TSC0071873  rs288423 0.42 0.37 0.43 0.38
28 hCVv3017144 TSC0084538  rs1007106 0.19 0.34 0.45 0.45
29 hCVv9621778 TSC0318440  rs995178 0.41 0.49 0.49 0.45
30 hCVv8747570  TSC0679949  rs1597695 0.35 0.39 0.5 0.44
31 hCVv8862622 TSC0825772  rs1334334 0.15 0.24 0.27 0.17
32 hCV8946637 TSC0809047  rs794108 0.46 0.38 0.29 0.37
33 hCV1358402 TSC0463216  rs1569244 0.42 0.17 0.41 0.46
34 hCV7500677 TSC0296508  rs238196 0.12 0.1 0.28 0.3
35 hCV9589619 TSC0984433  rs1925643 0.42 0.3 0.42 0.42
36 hCVv8921382 TSC0910879  rs1713423 0.3 0.5 0.31 0.41
37 hCV1688032 0.22 0.31 0.16 0.23
38 hCV9636350 0.16 0.37 0.36 0.37
39 hCVv2962785 0.4 0.11 017 0.24
40 hCv2780152 TSC0851851 rs1861606 0.49 0.31 0.29 0.36
41 hCV2569743  TSC0430769  rs1548543 0.22 0.34 0.31 0.29
42 hCV468629 TSC0463040  rs1569125 0.41 0.29 0.22 0.2
43 hCV1534177 0.22 0.2 0.27 0.29
44 hCV11164916 0.19 0.12 N/A N/A
45 hCVv2214945 TSC1086371 rs220860 0.25 0.22 0.22 0.22
46 hCv8847720 TSC0695101 rs1460239 0.29 0.4 0.19 0.29
47 hCv8777053 TSC0070807  rs954779 0.28 0.18 0.32 0.3
48 hCV7443819 TSC0267953 rs963014 0.48 0.4 0.08 0.1

For the control pool, SNPs were selected with minor allelic frequencies (MAF) above 0.1 for African-

American (AfAm) and Caucasian (Cauc) populations. For Chinese (Chin) and Japanese (Japn) samples, at
least 42 SNPs have a MAF above 0.1. SNPs were selected from the Celera Discovery System (CDS) data-
base. The Control Pool SNP number and SNP IDs are displayed as well: Celera SNP ID (hCV); The SNP
Consortium ID (TSC); dbSNP reference cluster ID (rs#).
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Laboratory CE Pass Rate Call Rate Precision Concordance
1 3730_1 100 99.56 100 100
1 3730_1 100 99.75 100 100
1 3730_1 100 99.67 100 100
Average 1 100 99.66 100 100
2 3730_2 100 99.94 100 100
2 3730_2 100 99.92 99.99 100
2 3730_2 100 99.94 100 99.99
Average 2 100 99.93 100 100
3 3730_3 100 99.81 100 100
3 3730_3 100 99.31 99.83 100
3 3730_3 100 94.96 99.71 99.79
Average 3 100 99.03 99.85 99.95
Average 1-3 100 99.21 99.95 99.98

Overview of performance data for nine 384-well plates, in which 48 SNPs were analyzed in 44
gDNAs. Each gDNA was spotted eight times on each 384-well plate, resulting in 16,896 genotype
calls per plate. Three plates were each tested in a different laboratory and analyzed on three 3730x/

DNA analyzers. All values represent percentages.

DISCUSSION

We have presented a detailed overview of the SNPlex
Genotyping System, a high-throughput SNP genotyp-
ing technology that provides high assay reproduc-
ibility and accuracy. The SNPlex Genotyping System
is a novel platform that uses industry-standard CE
instruments to enable medium- to high-throughput,
cost-effective SNP genotyping projects in a multi-
plexed format. The flexibility and scalability of the
SNPlex Genotyping System regarding study design
and sample throughput make it well suited for appli-

TABLE 3

cations in modern genetics research and pharma-
cogenetics. Additionally, the system’s online tools
enable researchers to plan and manage customized
SNP genotyping studies. The chemistry protocol can
be completed in two days, using commonly available
automation systems, which allows it to analyze up to
1.5 million genotypes in a five-day week.

The user friendliness of a genotyping platform is
partly determined by the methodology of the genotyp-
ing assay. Of equal importance is whether it supports
the whole process, from study design to data analysis
and management. It is therefore important to consider

SNPlex System Performance Evaluation Il

Experiment Pass Rate CallRate  Precision ~ Concordance
1 92.52% 99.48% NA 99.71%
2 92.48% 99.08% NA 99.66%
3 94.22% 99.74% NA 99.73%
Average 93.07% 99.43% 99.94% 99.70%

Overview of performance data of 521 SNPs analyzed in triplicate in 92
genomic DNAs. Each percentage value is based on 47,932 genotype calls.
The precision of genotype calls can be calculated only between different
runs and is not applicable (NA) for individual runs.
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the ease that a platform provides for the selection of
genetic markers that can successfully convert to high-
performing assays. Although SNPs are abundant in the
human genome and in large databases of candidate
genes,” 1% not all putative polymorphisms are suitable
for the development of genotyping assays. It has been
reported several times in the literature that only 50%
of SNPs selected at random from dbSNPs typically
yield working assays, and this results in significant
delays and expense.!!-13

SNPbrowser Software

To simplify the SNP genotyping selection process, we
developed the freely available SNPbrowser software,
a tool that assists in the knowledge-based selection
of markers for association studies. SNPbrowser soft-
ware is a stand-alone free application, based on the
Windows operating system, which displays SNPs for
the entire human genome, as well as the empirically
observed patterns of linkage disequilibrium (LD).
The SNPs displayed are those for which it is pos-
sible to design an in silico SNPlex system assay. The
software wizards allow researchers to prioritize the
selection of SNPs based on the patterns of linkage
disequilibrium as observed by De La Vega et al.,"4
and calculated from the HapMap data (www.hapmap.
org), and by metrices, such as minor allelic frequen-
cies and TagMan assay validation. Currently, more
than 150,000 SNPs are validated by TagMan assays
and can be designed as SNPlex system assays. In
addition, more than 8 million SNPs in dbSNP have
been pre-screened by the design pipeline, and the
passing SNPs are available as SNPlex system assays.
Wizards further help to supplement gaps with cod-
ing or pre-designed, functionally tested assays that
help ensure the highest probability of success for an
association study.

Additionally, wizards can generate lists of SNPs
based on a number of study design approaches,
including picket-fence distribution, pairwise r2, and
haplotype r2. After SNP selection, SNPs can be submit-
ted to the SNPlex system design pipeline for custom
assay design.

To facilitate the process, an assay design sub-
mission tool is available through the Applied Bio-
systems website (www.appliedbiosystems.com). The
SNPs can be submitted online as a list of identifiers
(e.g., from SNPbrowser software), or as a flat file
that contains the SNP identifier and sequence, includ-
ing SNP alleles. After the submitted SNPs are veri-
fied for format, a design request is submitted to the

automated assay design pipeline, which runs on a
distributed computing environment at the back end
(Figure 3). When the pool designs are available, they
are sent to the researcher for review before the order
is submitted.

Assay Design

Assays for the SNPlex Genotyping System are designed
by an automated high-throughput pipeline (Figure 3).
Assays can be designed for human as well as non-
human SNPs. The multi-step pipeline combines SNP-
specific assays into compatible multiplex pools to
ensure robust assay performance. These steps include:
(D screening the SNP context sequences against the
human genome to avoid designing assays for SNPs in
repetitive or duplicated genomic regions that would
lead to low specificity (SNP sequences can also be
screened against the mouse and rat genome); (2) select-
ing the most suitable strand and probe sequences by
applying rules that maximize assay and manufactur-
ing success; (3) assigning ZipCode sequences to each
SNP assay; and (4) separating the assays into compat-
ible probe pools that are screened for probe-probe
interactions, spurious ligation templates, and unin-
tended probe combinations that may have a signifi-
cant genomic target. During the screening step, SNP
sequences are eliminated if they are redundant in the
target genome, contain non-target polymorphisms
near the target SNP, or contain sequence motifs that
are incompatible with the assay. Because testing the
uniqueness of SNP targets with the widely used BLAST
algorithm® is slow and lacks sensitivity, we developed
a proprietary, fast, and sensitive SNP-centered genome-
screening algorithm that uses empirically weighted
match/mismatch scores around the SNP loci. SNP
assays that pass the above-described screens are used
for the composition of compatible probe pools. The
resulting pool of OLA probes targets between 24 and
48 viable, mutually compatible SNPs.

Control Pool Performance

The SNPlex System control pool is a set of high-quality
probes interrogating 48 population-validated SNPs.
The set of human gDNAs (gDNA Panel), pre-distrib-
uted in a 384-well plate, together with the control pool
probes, form a tool for training, quality control, and
troubleshooting purposes.

The gDNA Panel is a collection of genomic DNAs
from 44 Caucasians, approximately evenly distributed
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User-defined SNPlex system assays are designed by means of a proprietary assay design pipeline, which
can be accessed through the Applied Biosystems website. Ligation probes for individual SNP assays
are designed using thermodynamic rules to ensure annealing specificity and efficiency. Each probe
undergoes extensive genome screening and is filtered for secondary structure or probe-probe chimeras.
After the SNP-specific probes are designed, stringent rules are used to determine optimal probe-pool
composition. Assay annotations and allele calling information are provided as assay information files

(AIF) on CD-ROM.

between male and female. With this DNA panel, 45 of
48 SNPs produce cluster plots with three clusters. The
three SNPs with only two clusters have minor allelic
frequencies of 11%, 15%, and 19% in Caucasian popu-
lations, which could explain the occurrence of only
two clusters. Using the actual minor allelic frequen-
cies, the predicted statistical number of SNPs with two
clusters is 2—7 for 48 SNPs in 44 genomic DNA samples.
The observed three SNPs with two clusters are, there-
fore, within the expected range. As almost all SNPs
interrogated by the control pool have minor allelic
frequencies higher than 0.1 in African-American, Cau-
casian, Chinese, and Japanese populations, the polar
plots of SNPs should display three clusters indepen-
dent of the ethnic origin of the sample collection. The
control pool is therefore useful for testing customer-
supplied gDNA samples as well.

The goal of studying control pool SNPs in a gDNA
panel (SNPlex System Performance Evaluation I) was to
measure the robustness of the SNPlex Genotyping Sys-
tem in three independent laboratory settings. Perfor-
mance consistency is important for a high-throughput
genotyping system, and it has a direct impact on the
cost per genotype.

The control pool SNPs were selected for high
performance; therefore, the overall assay pass rate of

100% was not surprising. From a user perspective, the
more relevant data are the call rate, precision, and
concordance of the genotype calls, and the way in
which these values differ across the three laboratories.
The call rate was consistently above 99.3%; one plate
in one laboratory showed a call rate of 95%; how-
ever, concordance and precision were above our assay
specifications of 99.5% and 99.7%, respectively.

The very high precision, as well as the concor-
dance with TagMan genotyping data, confirms the
high performance of the SNPlex Genotyping System.
Likewise, the low standard deviation of precision and
concordance across the three laboratories demonstrates
the quality of performance. Precision and concordance
were calculated for passing genotype calls, and they
are therefore not affected by the assay call rate.

Design Pipeline Evaluation

The goal of SNPlex System Performance Evaluation II
was to test both the design and assay conversion rate in
a more realistic setting. The study used 2476 confirmed
SNPs from the first 10 MB of chromosome 21, chosen
from the NCBI database and entered into the assay
design pipeline. Additional selection criteria required
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these SNPs to involve only two possible polymorphic
bases and to map to only one position in the human
genome. A design could be made for 2243 of the 2476
submitted SNPs, which translates to a design rate of
90.6%. The design rate is very much influenced by the
quality of sequences submitted (see discussion above).
SNPs fail the design pipeline for the following reasons:
(D the SNP may be within a repeat sequence found
many times in the genome; (2) the SNP sequence may
contain a second SNP near the first; and (3) the SNP
context sequence may contain one or more sequences
of low complexity. SNP sets containing TagMan assay—
validated SNPs usually produce a design rate of greater
than 90%. For customer-supplied SNP sets containing
confirmed dbSNPs, the design rate is usually between
80% and 85%. The most common cause of failed
assay designs are multiple genome hits and nucleotide
compositions that conflict with the assay design rules.
Another factor negatively impacting the design rate is
a low number of submitted SNPs.

This paper describes the performance charac-
teristics of the SNPlex Genotyping System. We have
designed a set of probes that interrogates 48 SNPs (the
control pool), and a 384-well plate that analyzes 44
genomic DNAs (the gDNA panel). These optimized
components enable the user of the SNPlex Genotyp-
ing System to measure and validate assay performance,
and to identify components that impact assay function.
To test the performance of the system, we processed
nine 384-well plates in three laboratories and analyzed
the results on three CE instruments.

In a second experiment, we analyzed SNPs from
10 MB of chromosome 21 in 92 samples and measured
the assay design efficiency and the performance char-
acteristics. The SNPlex Genotyping System showed
a consistent high performance in both experiments.
Upcoming development opportunities include fixed
sets of SNP assays for applications such as linkage
mapping, or nsSNP sets for direct association studies
for human as well as non-human organisms.
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