Further development of multiplex SNP typing method | N. Nishida et al. | Anal. Biochem. xxx (2007) xxx-xxx 3

Nonidet P-40, 50% glycerol, and 2mM each dNTP
(TaKaRa, Shiga, Japan) with 6.0 pmol of Cy3-labeled ED-1
(Cy3-ED-1), 6.0 pmol of CyS5-labeled ED-2 (Cy5-ED-2),
30 fmol each of the 96 Dls, and 1.5U Ex Taq polymerase.
The reaction initially was incubated at 95 °C for 1 min, fol-
lowed by 30 cycles of 95°C for 30s, 55°C for 6min, and
72°C for 30s, using a Bio-Rad PTC-200 Peltier thermal
cycler. The reaction was stopped by holding the tempera-
ture at 10 °C.

Hybridization and detection on DNA microarray

We purchased a DNA microarray (NovusGene, Tokyo,
Japan) that had 24 separated areas on the same slide glass.
Each of the separated areas contained 100 types of oligonu-
cleotide probe (96 probes for 96 SNPs and 4 probes for val-
idation controls of the assay) identical to D1 sequences. Of
the 4 validation control probes, 3 were not used in the Digi-
Tag2 assay because these probes were prepared to validate
the washing step with magnetic beads in the previous ver-
sion of the DigiTag assay. The ready-to-use DNA micro-
arrays were stored in a desiccator at room temperature
until use.

A hybridization mixture was prepared by mixing 5 pl of
labeled products in 12 pl of hybridization buffer containing
0.5x 88C, 0.1% sodium dodecy! sulfate (SDS), 15% form-
amide, and 1 mM EDTA with 1 pl of hybridization control.
The hybridization control was prepared with 2.5 fmol of
Cy3-labeled D1_100 and Cy5-labeled D1_100. Then 8 pl of
the hybridization mixture was applied to each area on the
DNA microurray. Hybridization was carried out for 30 min
at 37°C in a hybridization oven (ThermoStat plus, Eppen-
dorf, Hamburg, Germany). After hybridization, DNA
microarrays were washed in washing buffer (0.1x SSC and
0.1% SDS) with shaking at 60rpm for Smin. DNA micro-
arrays were consccutively washed in distilled water with
shaking at 60 rpm for 1 min and were then dried by centri-
fugation at 2000 rpm for 1 min. Hybridization images were
scanned at photomultiplier voltages of 400V for Cy3 and
480V for Cy5 using a commercially available DNA chip
scanncr, and fluorescence image analysis was performed
using commercially available software (GenePix 4000B unit
and GenePix Pro 4.1 software package, Axon Instruments,
Foster City, CA, USA). The genotype calls were determined
using the SNPStar software (version 0.0.0.8, Olympus,
Tokyo, Japan).

Results and discussion
DigiTag2 assay scheme

We previously reported a multiplex SNP typing method,
the DigiTag assay, in which all of the SNP genotypes are
encoded to the well-designed oligonucleotides, named
DNA coded numbers (DCNs) [20]. The assignment of the
DCNs to the SNPs is unconstrained; therefore, the DNA
chips prepared to read out the types of DCN are univer-

sally available for any types of SNP. We revealed that the
DigiTag assay has the potential to analyze nearly all kinds
of SNP with high accuracy and reproducibility. However,
the DigiTag assay needs the washing step with magnetic
beads, which is a laborious step in manipulation. Also, the
biotinylated probes, which are necessary for the washing
step, are expensive. For the next version of the assay, we
improved the protocol to exclude the washing step and
named it the DigiTag2 assay.

The DigiTag2 assay involves four steps to accomplish
the genotyping: target preparation, encoding, labeling, and
detection (Fig. 1). During target preparation, target frag-
ments (including target SNP sites) are prepared by multi-
plex PCR from genomic DNA. For multiplex PCR, we
designed 40-mer primers (average length) and performed
multiplex PCR using a two-step protocol (denature and
extension steps) with a 6-min extension step. For encoding,
we prepared two 5" query probes and one 3’ query probe
for each SNP site. The 5’ query probes have a sequence
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Fig. 1. Schematic representation of DigiTag2 assay. This assay involves
four steps to accomplish SNP typing: target preparation, encoding, label-
ing, and detection. The 5’ query probes have EDs (cED-1 and cED-2) cor-
responding to each allele, and the 3’ query probes have a variable
sequence (cD1_1) for each SNP. Each reverse complement sequence is
depicted by a lowercase “c” before the sequence name.

D11 D12 -

Please cite this article in press as: N. Nishida ¢t al., Further development ol multiplex single nucleotide polymorphism typing method.
the DigiTag?2 assay, Anal. Biochem. (2007), doi:10.1016/5.ab.2007.02.005




4 Further development of multiplex: SNP typing method | N. Nishida et al. | Anal. Biochem. xxx (2007 ) xxx-xxx

complementary to the 5'-flanking region of the target SNP,
and each of the probes has an allele-specific sequence. Two
types of ED (ED-1 and ED-2) were attached to each of the
5" query probes (see Materials and Methods), and we incor-
porated a mismatch base into the 5' query probes at the
fourth position from the SNP site to improve the precision
of allele discrimination [20]. The 3' query probe has a
sequence complementary to the 3’-flanking region of the
target SNP, and each of the probes has a D1 on its 3’ end.
In the encoding step, the 5’ query and 3’ query probes are
successfully concatenated by Tag DNA ligase, and the
probes are [ully complementary to adjacent regions on the
target fragment [22]. The genotype is then converted into a
type of ED and a type of DI. The types of ED and DI des-
ignate the type of allele and SNP, respectively. After the
encoding step, fluorescence is incorporated into the ligated
products by asymmetric PCR using fluorescent-labeled
primers (Cy3-ED-1 and Cy5-ED-2) and DI primers. The
D1 primers are a mixture of all D1s used in the assay. The
Cy3- and Cy5-labeled PCR products are directly hybrid-
ized with the D1 probes on the DNA microarray to reveal
SNP genotypes by reading signals from the various Dls. If
the genomic DNA sample is homozygous for a certain
SNP, a single color signal from Cy3 or Cy5 is detected from
the corresponding spot on the DNA microarray. In con-
trast, both signals are present when the genomic DNA sam-
ple is heterozygous.

SNP selection and probe design

In a previous report, we investigated the ligation condi-
tions in the encoding step using an SNP located in the
PLOD gene on human chromosome 1p36 as a model SNP
(JSNP ID IMS-JST068774) and determined the parame-
ters for 5' query and 3’ query probes [20]. We then ran-
domly selected 96 SNPs from a 610-kb region, including
the /L-4 and /L-13 genes on human chromosome 5q31-33,
which contains various candidate genes related to immune
and allergic disorders. We subsequently designed probes
for the 96 SNP sites to have a uniform melting tempera-
ture as that of PLOD SNP so as to give similar ligation
efficiency among the 96 SNP sites to be analyzed in a sin-
gle tube. We also incorporated a mismatch base into the
5" query probe at the fourth position from the SNP site
for all target SNPs. The 20-mer mismatch-induced 5’
query probes and 3' query probes (average length) had
melting temperatures of 50.74+2.1°C and 524+ 1.5°C,
respectively. Here we found that the length of the 3’ query
probe influences the ligation efficiency in the encoding
step; when a longer 3’ query probe was used in the encod-
ing step, stronger signal intensities were acquired on
microarray detection (data not shown). Therefore, we
used the lengthened 3’ query probes to 30-mer, and the
average melting temperature of the lengthened 3’ query
probes was 66.1 + 3.5 °C. The sequence information for 5’
query probes and lengthened 3’ query probes is listed in
Supplementary Table 3.

Optimization of reaction conditions

When we used the mismatch-induced 5’ query probes,
indistinct clusters were observed from 5 SNPs (SNP 7, SNP
9, SNP 18, SNP 49, and SNP 93) (Fig. 2A). However, these
5 SNPs can be discriminatively genotyped with perfect
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Fig. 2. Treatment of 5 failed SNPs with mismatch-induced 5’ query
probes. Green dots and circle show allele-1 homozygous samples, red dots
and circle show allele-2 homozygous samples, and blue dots and circle
show heterozygous samples. (A) Mismatch-induced 5’ query probes,
which have a mismatched base incorporated into the fourth position from
the SNP base, were used. (B) Here 5’ query probes, which have a perfect
match sequence for the target SNP, were used instead of mismatch-
induced 5" query probes. (For interpretation of the references to color in
this figure legend, the reader is referred to the Web version of this article.)
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Fig. 3. Effects of D1 primer concentration in the labeling step. Green dots
and circle show allele-1 homozygous samples, red dots and circle show
allele-2 homozygous samples, and blue dots and circle show heterozygous
samples. (A) Here 5nM DI primers was used with 500nM fluorescent-
labeled primers. (B) Here 2.5nM D1 primers was used with 500 nM fluo-
rescent-labeled primers. (For interpretation of the references to color in
this figure legend, the reader is referred to the Web version of this article.)

match 5’ query probes (Fig. 2B). For these 5 SNPs, the mis-
match base incorporated into the fourth position from the
SNP site has a drastic effect on the hybridization stability
between 5’ query probes and the target multiplex PCR
products in the encoding step and leads to signal loss on
microarray detection. Therefore, we performed a 96-plex
oligonucleotide ligation assay with the mismatch-induced
5’ query probes for 91 target SNPs in combination with
perfect match 5' query probes for these 5 target SNPs.

To incorporate the fluorescent label into the ligated
products, we performed asymmetric PCR with fluorescent-
labeled primers and D1 primers (mixture of D1s). Using the
mixture of all Dls, instead of the single primer pair men-
‘tioned in the DigiTag assay [20], would make it possible to
uniformly acquire all target fragments. However, the con-
centration of D1 primers used in the labeling step was
found to exert an influence on the cluster distribution in
scatter diagrams. When we used 5nM DI primers with
500 nM fluorescent-labeled primers, dispersed and/or indis-
crete clusters were observed for several SNPs (Fig. 3A).
However, the dispersed and/or indiscrete clusters became
convergent and/or discrete clusters when we used 2.5nM
D1 primers with 500nM fluorescent-labeled primers

(Fig. 3B). The D1 primers share the fluorescent-labeled
primers in the labeling step, and the ratio of each D1 primer
to fluorescent-labeled primer was approximately 1:2 at
25nM and 1:1 at 5nM. When the amount of each D1
primer was greater than the amount of fluorescent-labeled
primer, strong false-positive signals were observed on
microarray detection, leading to indiscrete clusters on scat-
ter diagrams (data not shown). On the other hand, when the
amount of each D1 primer was less than the amount of
fluorescent-labeled primer, insufficient amplification
occurred in a number of target SNPs, leading to weak sig-
nal intensities on microarray detection (data not shown).
We found that the optimal ratio of D1 primer to fluores-
cent-labeled primer is approximately 1:2, irrespective of the
multiplicity of the assay (number of SNPs to be analyzed).

Genotyping results

Multiplex PCR products, including the 96.SNP sites,
showed similar band patterns as 48 individual DNA sam-
ples, although it was dillicult to clearly discern all 96 PCR
products duc to limitations in electrophoretic resolution
(Fig. 4A). We then performed a multiplexed oligonucleo-
tide ligation assay using the multiplex PCR products as tar-
gets. To incorporate the fluorescent label into the ligated
products, asymmetric PCR was performed using the fluo-
rescent-labcled and D1 primers. DNA microarray revealed
hybridization images of 24 individual samples from each of
the 24 separated areas having 100 spots (96 probes for 96
SNPs and 4 probes for validation controls) (Fig. 4B). The
hybridization image was analyzed using a DNA chip scan-
ner, and the Cy3 and Cy5 signal intensities of each spot
were plotted to produce a scatter diagram. The SNP geno-
types of 16 genomic DNA samples, randomly selected from
the 48 samples, were alternatively determined by direct
sequencing and were used as reference data.

As a result of 96-plex genotyping under optimal labeling
conditions using the mismatch-induced 5’ query: probes in
combination with the perfect match 5’ query probes for 5
SNPs, three distinct clusters corresponding to tw © homozy-
gous genotypes and one heterozygous genoctype were
observed from 84 SNPs (exceptions were SNP3 1, SNP 37,
SNP 60, SNP 61, and SNP 87) (Fig. 4C). The remaining 7
SNPs (SNP 12, SNP 22, SNP 27, SNP 33, SNP6 7, SNP 88,
and SNP 91) were found to be monomorphic in 48 genomic
DNA samples and were excluded from furtheraraalysis. For
SNP 37, SNP 60, and SNP 87, drastically attenuated signal
intensities were observed on microarray  detection
(Fig. 4D). Signal loss was caused by insufficient amplifica-
tion of the target fragments on multiplex PCR because no
amplified products were observed on singleplex PCR, even
when the second candidate primer pairs were wsed. There
were some structural obstacles in the taget region,
although we could not identify any charactrzstic struc-
tures. SNP 31 and SNP 61 were found to havestxong false-
positive signals, leading to indistinct clusters on s-catter dia-
grams (Fig. 4E). The false-positive signals would be caused
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Fig. 4. Multiplex SNP typing for 96 SNPs using 48 individual genomic DNA samples. (A) Gel images of multiplex PCR products with different samples. In
all sample lanes, sample bands were observed between two inner markers: 15 and 1500 bp. (B) Hybridization images of DNA microarray. (C) Scatter plot
diagrams for 4 randomly selected SNPs from 84 working SNPs. Green dots and circle show allele-1 homozygous samples, red dots and circle show allele-2
homozygous samples, and blue dots and circle show heterozygous samples. (D) Example of the typing-failed SNP caused by insufficient amplification of
target fragment in multiplex PCR. (E) Example of the typing-failed SNP that was found to have strong false-positive signals. (For interpretation of the ref-
erences to color in this figure legend, the reader is referred to the Web version of this article.)

by the misligation in the encoding step that was reported to
be prone to occur when the mismatched pairs are G-T, G~
A, G-G, A-G, and T-G [23,24]. Of the 2 misligated SNPs, 1
had an A-G mismatch (SNP 31) and the other had a T-G
mismatch (SNP 61) between the 5' query probe and the tar-
get fragment. These 2 SNPs were undetectable, even when

5" query probes with the mismatched base incorporated
into different positions were used (data not shown).
Although there were other G-T, G-A, G-G, A-G, and T-
G mismatches within the set of 84 working SNPs, we con-
sider that these mismatches would increase the likelihood
of misligation in some cases. In the future, we will be able to
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search for the cause of misligation by accumulating data
from failed analyses of numerous target SNPs.

Conversion rate, call rate, accuracy, and reproducibility

We investigated the feasibility of the DigiTag2 assay by
performing 96-plex SNP typing using 48 human genomic
DNA samples, and we found that the DigiTag2 assay has
the potential to analyze all types of SNP with high accu-
racy and reproducibility. Here we excluded 7 SNPs from
further analysis because they were revealed to be mono-
morphic in 48 samples. The DigiTag2 assay was found to
have a 94.4% (84/89) conversion rate, which is defined as
the proportion of successfully genotyped SNPs among the
total numbcer of SNPs examined. The call rate, which is
defined as the number of genotype calls among the total
number of samples examined, was 99.95% (4030/4032)
The typing results were 100% identical to the results of
direct sequencing. The reproducibility of this assay was
examined by duplicate experiments, and it was found that
genotype calls were 100% identical between duplicate
experiments.

Advantages of DigiTag2 assay

The DigiTag?2 assay performs multiplex PCR to excise
target regions, including SNP sites from genomic DNA,
prior to oligonucleotide ligation assay. Reducing the com-
plexity of the genome by selectively collecting target SNP
sites from the genome would lead to successful genotyping
[25]. In designing the genotyping probes for oligonucleotide
ligation assay, there are no alternatives because the SNP
sequence is included in the probe sequences. Therefore,
multiplex PCR prior to oligonucleotide ligation assay has
an important role in analyzing SNPs that have highly
homogenecous regions in the genome. Based on 96-plex SNP
typing using 48 individual genomic DNA samples, the Dig-
iTag2 assay has the potential to analyze all types of SNP
with high accuracy and reproducibility. Moreover, the Dig-
1Tag2 assay uses unmodified primers and probes for target
SNPs, thereby reducing assay cost, and requires only simple
assay protocols without specialized equipment. We esti-
mated that the running cost for the DigiTag2 assay (for oli-
gonucleotides, reagents, DNA microarrays, etc.) is less than
$0.06/genotype. The DigiTag2 assay can use the same set of
D1s and EDs for any set of target SNPs, thereby enabling
96-plex genotyping with the same assay protocols and the
same microarray having the same set of probes. However,
hybridization products, which are prepared in the labeling
step, may cross-hybridize to the wrong D1 probes on DNA
microarray due to SNP-specific sequences being introduced
into the hybridization products. With regard to the 96 tar-
get SNPs selected in this study, there is no evidence of
cross-hybridization between D1 probes and SNP-specific
sequences. Cross-hybridization may be avoided by predict-
ing the interaction between D1 probes and SNP-specific
sequences. In the future, we will attempt to predict cross-

hybridization by accumulating data from failed analyses of
numerous target SNPs.
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