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Abstract

Although the dot-blot-SNP technique is a laborsaving, cost-effective method for SNP genotyping of a large number of plants,

the synthesis of 5’-digoxigenin(DIG)-labeled oligonucleotides for use as probes is still costly. We developed two

probe-labeling methods for this technique, one being digoxigenin labeling of oligonucleotides by PCR (PCR-DIG labeling) and

the other being hybridization using a bridge probe and a 5’-DIG-labeled oligonucleotide (bridge hybridization). Bridge

hybridization detected allele-specific signals under hybridization conditions similar to those for the 5’-DIG-labeled

oligonucleotides and biotin-labeled oligonucleotides, while signals were detected only under a lower stringency condition by

PCR-DIG labeling. As a method for genotyping using many markers at one time, two methods, i.e., PCR using mixed

primer pairs and hybridization using mixed probes, were examined with successful results. Eighty-five SNP markers

designed for genotyping of rice cultivars detected allele-specific signals, the genotyping results corresponding to the previously

reported ones.
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Introduction

Two methods, i.e., PCR-DIG-labeling and bridge hybridization (Fig.
5’-biotin-labeled
oligonucleotides were also used for comparison with 5’-DIG-labeled

1), were examined for detecting SNPs.

oligonucleotides. For preparation of the PCR-DIG-labeled
oligonucleotide probe, a template oligonucleotide of 49 nt consisting
of a 17-nt probe sequence inserted between 4-nt sequences (GGCC)
recognized by Haelll, and 12-nt sequences for annealing of primers
at both ends (5’-GATACAGTGTAC-3’ and
5’-TGTCACAGTGAC-3’) was synthesized. The 49-bp
oligonucleotide was amplified and labeled by PCR with primers
(5’-GATACAGTGTACGG-3’ and 5’-GTCACTGTGACAGG-3’)
using PCR-DIG-labeling mix (Roche Diagnostics, Switzerland).
The PCR product was cleaved by Hae III. After denaturation in
boiling water, equal volumes of the cleaved products of the
DIG-labeled oligonucleotide and the unlabeled oligonucleotide as a
competitive probe without removal of both end sequences were
added to hybridization buffer. For bridge hybridization, a 48-nt
oligonucleotide consisting of a 17-nt sequence of one allele of an
SNP marker, a 6-nt spacer sequence (TATATT), and a 25-nt bridge
sequence, which is an arbitrary sequence
(5>~ ACGAAGCCTCTTAATTGCGAATGTA -3°), was prepared as
a bridge probe. A 48-nt oligonucleotide having a 17-nt sequence
of the other allele of the SNP marker, the 6-nt spacer sequence, and
a 25-nt bridge sequence
(5>-TGAAAAGAAGCTTCATCCTTCTCGT-3’) was also prepared
as a competitive probe. A 5’-DIG-labeled oligonucleotide having
a sequence complementary to the 25-nt bridge sequence of the
bridge probe (5’-TACATTCGCAATTAAGAGGCTTCGT-3’ or
5’-ACGAGAAGGATGAAGCTTCTTTTCA-3’) was added to
hybridization buffer. Signals were detected as previously
described (Shirasawa et al. 2006).

SNP marker S10844, whose ‘Nipponbare’-type allele is
contained in ‘Nipponbare’, ‘Koshihikari’, ‘Akihikari’, and
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‘Kasalath® and whose variant-type allele is contained in
‘Hatsuboshi’,  ‘Kihou’, ‘Hitomebore’, and ‘Kirara397’
(Shirasawa et al. 2006), was used for evaluation of the labeling
methods. Under the highest stringency condition tested, i.e.,
hybridization and washing with 0.1 x SSC/0.1% SDS at 50°C,
allele-specific signals were detected by 5’-DIG labeled
oligonuceotides, but PCR-DIG-labeled oligonucleotides, bridge
hybridization, and 5’-biotin-labeled oligonucleotides showed no
signal (Fig. 2). On the other hand, non-specific signals were
high in the analysis of the variant-type allele under the lowest
stringency condition, i.e., hybridization and 1 x SSC/0.1% SDS
washing at 40°C, by 5’-DIG-labeled oligonucleotides and bridge
hybridization. Allele-specific signals were detected by
PCR-DIG-labeled  oligonucleotides and  5’-biotin-labeled
oligonucleotides under this hybridization condition. Under
intermediate stringency conditions, i.e., hybridization and 0.1 x
SSC/0.1% SDS washing at 40°C or hybridization and 1 x
SSC/0.1% SDS washing at 50°C, allele-specific signals for both
alleles were clearly detected by bridge hybridization and
5’-DIG-labeled oligonucleotides, and weakly detected by
5’-biotin-labeled oligonucleotides, but not detected by
PCR-DIG-labeled oligonucleotides.
which are necessary for distinguishing all the 17 Japonica

Seven SNP markers,

cultivars used in this study (Table 1), were prepared with these
two labeling methods and biotin labeling. Although all the
labeling methods detected allele-specific signals, the optimum
hybridization conditions were different not only between the
SNP markers but also between the labeling methods (Table 2).
Bridge  hybridization  yielded  higher  signals  than
PCR-DIG-labeled oliginucleotides.

The dot-blot-SNP technique is suitable for genotyping of
many plant individuals, but not for analyzing a small number of
plants. For identification of cultivars using a few plants,
analysis with multiple SNP markers is desirable. Using bridge
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Fig. 1. Scheme of PCR-DIG labeling and bridge hybridization. a: PCR-DIG-labeling. Probe sequences were amplified and labeled by

PCR with DIG-dUTP using an oligonucleotide as a template.

After cleavage with Haelll, the DIG-labeled probe was hybridized with
dot-blotted PCR products together with an unlabeled competitive probe.

Black boxes indicate sequences used as probes, and white

boxes and gray boxes show recognition sites of Haelll and sequences for primer annealing in PCR-DIG labeling, respectively. b: Bridge

hybridization.

A bridge probe having an allele-specific sequence (black box), a spacer sequence (white box) and a bridge sequence

(gray box) was hybridized with dot-blotted PCR products together with a competitive bridge probe and a 5’-DIG-labeled oligonucleotide

having a sequence complementary to the bridge sequence.

hybridization probes and 5’-biotin-labeled oligonucleotides, we
tested two methods of dot-blot hybridization with multiple SNP
markers, one being multiplex PCR followed by dot-blot-SNP
analysis with different membranes for each probe and the other
being dot-blotting of PCR products amplified with each primer pair
onto two membranes followed by hybridization with mixtures of
multiple probes. After multiplex PCR using the primer pairs to
amplify 300-bp DNA fragments for the seven SNP markers shown
in Table 2, bridge hybridization detected allele-specific signals in
both alleles of S0651, R1744, E61310, C53863, and E2439, but no
signal in E1919.
showed many false

Analysis of variant-type alleles in R2702
(Fig. 3). 5’-biotin-labeled
oligonucleotide probes yielded similar results, but slightly lower

signals

signal intensities.

Using the other method, i.e., separate PCR and hybridization
with multiple probes, allele-specific signals without non-specific
signals were detected in four of the seven SNP markers in bridge
hybridization (Fig. 4). Non-specific signals were high in analyses
of the both alleles of S0651 and E2439 and the ‘Nipponbare’ allele
of R2702.
detection of allele-specific signals of these SNP markers, but such a

Raising the hybridization temperature enabled

hybridization condition reduced the allele-specific signals of R1744

and E61310. with  5’-biotin-labeled
oligonucleotide probes, intensities of allele-specific signals were

In  hybridization
lower than those in bridge hybridization, but non-specific signals
were also low, enabling easier genotyping.

Oligonucleotides for 45 loci having SNPs between Japonica
rice cultivars (Shirasawa et al. 2007) were prepared and labeled by
the PCR-DIG-labeling method. For detection of allele-specific
signals, hybridization and washing conditions were optimized
(Supplementary Table 1). 5’-biotin-labeled oligonucleotides for
Genotypes
of 17 Japonica rice cultivars were analyzed by dot-blot-SNP using
the 45 PCR-DIG-labeled the 20
5’-biotin-labeled oligonucleotides, the results corresponding to the
genotyping by PCR-RF-SSCP reported by Shirasawa et al. (2007).
Bridge probes for 20 SNP markers were also prepared for graphical

20 loci were also designed (Supplementary Table 2).

oligonucleotides and

genotyping of low-temperature tolerant lines developed by a cross
between ‘Hitomebore’ and ‘Lijiangxintuanheigu’ (Supplementary
Table 3), and all of them yielded allele-specific signals.

Although the most powerful tools for large-scale SNP analysis
are considered to be the microarray techniques based on
allele-specific hybridization (Hacia et al. 1998) or primer extension
(Syvénen 2001, Shen et al. 2005), these techniques require costly
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Fig. 2. Dot-blot-SNP analysis using the three types of oligonucleotide probes under different hybridization conditions.
CAGTAGAGCTGTGGAGA and CAGTAGAGTTGTGGAGA; primer
CTCTTCTACGCCAGGTTCCAA and GCACAGTAACCAGATCAACAG, Shirasawa et al. 2000).
PCR products of eight cultivars. A, ‘Nipponbare’-type allele; B, variant-type allele.
4, ‘Kihou’; 5, ‘Akihikari’; 6, ‘Hitomebore’; 7, ‘Kirara397’; 8, ‘Kasalath’.
and second washing was carried out with 0.1 x SSC/0.1% SDS or 1 x SSC/0.1% SDS.

marker was S10844 (probe sequences,

control experiment.

Used SNP
sequences
The probes were hybridized with
1, ‘Nipponbare’; 2, ‘Koshihikari’; 3, ‘Hatsuboshi’;
Hybridization and washing were performed at 50°C or 40°C,
5’-DIG-labeled oligonucleotides were used for

Table 1 A set of SNP markers required for identification of the 17 cultivars
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E1919 1 4905189 A B B B A B B A B A B B A A A B B
50651 4 24229543 A A B A A A B B A B A A A A A A A
R1744 7 259886 A B A A A A A A A A A A B B B B A
E61310 7 24283292 A B B B B B A A A A B B B A B B A
C53863 7 27391821 A A A A B A A A A A B B A A A A A
E2439 10 14680293 A A A B A A B A B A A B A A A B B
R2702 11 30616183 A B B A B B B B A A B B B A A B B

A, 'Nipponbare'-type allele; B, variant-type allele.
special equipment, which is not available in most laboratories or detection of allele-specific signals. Oligonucleotides for

small research institutes. Furthermore, these techniques are not
suitable for genotyping of a small number of loci, less than 50, of a
large number of plants, more than 1,000, which are used in
conventional crossbreeding programs. Despite being a classical
technique, the dot-blot-SNP technique (Shirasawa et al. 2006) may
be the most laborsaving, cost-effective technique among various
SNP assays for analysis of a large number of individuals.
Although hybridization and signal detection in the dot-blot-SNP
technique is somewhat laborious, the labor and time for each
sample are small because more than 1,000 samples can be analyzed
at one time. This technique requires no special equipment and is
usable in any small laboratory. One problem with this technique,
however, is the high cost for synthesizing the 5’-DIG-labeled
oligonucleotides.

Although PCR-DIG-labeled oligonucleotides detected no signal
under the same hybridization condition as the 5’-DIG-labeled
oligonucleotides, optimizing the hybridization condition enabled
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PCR-DIG-labeled probes can be prepared at low cost, but the
DIG-labeling process entails some labor. Bridge hybridization
was found to be nearly as sensitive as direct hybridization of
5’-DIG-labeled oligonucleotides.  Bridge hybridization is a
complicated three  oligonucleotides  for
hybridization, i.e., a bridge probe having the sequence of an allele
to be detected, a bridge probe having the sequence of the other
allele as a competitive probe, and the 5’-DIG-labeled
oligonucleotide that hybridizes only with the former bridge probe.
However, one pair of 5’-DIG-labeled oligonucleotides can be
applied to any SNP markers. Preparation of only a pair of
unlabeled 48-nt oligonucleotides is required for producing a new
SNP marker. Bridge hybridization is considered to be the most
cost-effective and laborsaving method among the four labeling
methods tested when analyzing SNPs at many loci.

Both multiplex PCR followed by hybridization with different
oligonucleotide probes and separate PCR followed by hybridization

technique using
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Fig. 3. Dot-blot-SNP analysis using multiplex PCR. DNA fragments of the 17 cultivars (1 to 17, Table 1) were amplified by PCR with a
single primer pair (S) or by multiplex PCR with a mixture of the seven primer pairs (M) for E1919, S0651, R1744, E61310, C53863,
E2439, and R2702. Both bridge hybridization markers and 5’-biotin-labeled oligonucleotides were used.
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Fig. 4. Genotyping of the 17 cultivars using mixed probes of dot-blot-SNP markers.

‘Nipponbare’-type probes of seven SNP markers,

i.e., E1919, S0651, R1744, E61310, C53863, E2439, and R2702, were mixed and hybridized separately with variant-type probe mixture.

The 17 cultivars are shown as ‘1’ to ‘17’ (Table 1).

with multiple probes detected allele-specific signals and were
found to be useful techniques for analysis of a small number of
samples with many SNP markers. In multiplex PCR using seven
primer pairs, five markers detected allele-specific signals by both
bridge hybridization and 5’-biotin labeling. The inability to detect
allele-specific signals is considered to be due to the low ability of
some primer pairs to amplify the target sequences under the
thermal cycling condition used for multiplex PCR. Hybridization
with mixed probes also yielded allele-specific signals with four
SNP markers, three detected non-specific
background Further
oligonucleotides may reduce the background signals.

markers
addition of the competitive

while
signals.
Since
optimum hybridization conditions are different between probes,
choosing SNP markers having similar hybridization conditions
would yield better results in hybridization with multiple probes.
The remaining laborious step of dot-blot-SNP analysis that
should be improved is preparation of genomic DNAs from a large
number of plants for PCR templates. DNAs prepared by the
CTAB method (Murray and Thompson 1980) or the method of
Edwards et al. (1991) are reliable PCR templates, but these
In the method of Wang et al. (1993),
only maceration of a plant tissue in alkaline solution and dilution of
the solution are required. ~Although this method is highly simple,
but success of DNA amplification has been found to be
inconsistent (Shirasawa et al. 2006, our unpublished results).
Blotting DNA from a plant tissue onto FTA®™ cards (Whatman, UK)
can be used as a simple method for preparation of the PCR
templates (Roy and Nassuth 2005), although it is costly. Recently

methods require much time.
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we found a 1-mm leaf disk to be directly usable as a PCR template
for dot-blot-SNP analysis (Shiokai et al. 2009).

The SNP markers developed in the present study can be used
for genotyping of plants and identification of Japonica rice
cultivars. Since DNA polymorphisms are infrequent between the
genomes of Japonica rice cultivars (Nasu et al. 2002; Monna et al.
2006; Shirasawa et al. 2004, 2007), these markers may also be
useful for QTL analysis and marker-assisted selection using
progeny of a hybrid between Japonica rice cultivars. These
dot-blot-SNP markers together with the 100 markers reported in
our previous paper (Shirasawa et al. 2006) are good additional
DNA markers for Japonica rice.
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Supplementary table 1 _Nucleotide sequences and hybridization conditions of PCR-DIG-labeled dot-blot-SNP markers

Temperature ot
hybridization and second = Second washing buffer

Forward primer sequence (5'-3' Probe sequence of 'Nipponbare' type (5'-3'
Marker name Chr. SNP position P q ( ) q PP ype ( )

Reverse primer sequence (5'-3') Probe sequence of variant type (5'-3") aching®
e R 1ok SV o esonroams
R R
s 1 s, SOSCAIETEY TR R
o1 s MCACROCRCIECG, SO o vsscorsos
R i Y R
oo 1 oms CHGIETOCECOM  JCTAGEaT, o esonveens
513049 2 202042 HTCTOTGAMATGTOCGACCT, gﬁgﬂgﬁ;@mﬂ:\% 40 1xSSC/0.1%xSDS
cos » am  SAAGMCOTCOTCY  sccmcaonace: o sscorsos
R o sscorsos
o2 e CUSECIIOGNCTGE  mATACCTGon o sscorsos
sz moom (GIEOSETIONES TGO, o esonveens
o U it il o esonveens
S13818 2 3308002  RCTCCCTTECAMIGCTTICT mﬁxgﬁgﬂ’;ﬁgx 40 1xSSC/0.1%xSDS
cous z e CTECIOCEMCCIOTMO  TOCTCACTION o sscorsos
o 2 v JOSTCCONTATCS TRCCIAACTGNT W sscoos
v s smew SSSgeMTGCTETC  oweise o anssonvosos
O et A i 0 ssonvesos
e s TSNS TCGTOOMEN o esonveens
50651 4 24220551 ﬁfﬁgﬁg%i@figgﬁ\mg xﬁggxggfgggﬂg: 40 1xSSC/0.1%xSDS
S0 1 sews  (SNGONGSCTGOT  CvGECAGMT o esonveens
s o e SACSClTCOT (et o esonveens
o o aome CRCURMGIIIT, TR o esousoens
s oz GCGSTCIONIT | oy 0 esaormsos
e o s | CAOSGNGTCICON  AGCACHICERCT o esousoens
E60075 7 5490161 gﬁ%@é%&g’:ﬁgﬁ?ggg ’f&xggggﬁﬁggﬁgﬂ 50 0.1xSSC/0.1%xSDS
o 1 s OGN SOOI o esousoens
s 1 e SOCMOMICGGUS  GMICUGET. o esonveens
w7 e MOCICTCTERe  STTCE G R
coms 7 mean oMM CONGIMCENONS R
w7 mew  JGUOmOGIE  AGOGIORCS o vsscorsos
oo 1w MCSCCCTCCOT  ACMCRCMT: R
s o s SORRRCACSWNG TSN o vsscorsos
e b wes ICHCTATOGS OGS o esonveens
s o s GUTORCOcs TohERmAMT R
oo s e NOCOGN e o vsscorsos
C52909 8 20314028 $§§J§§:§§f§§f&:§éﬁ gggggﬂgﬁg@ﬁ‘gﬂ N: 50, V: 40 1xSSC/0.1%xSDS
oo s soms  COLICCONGOWE  ACOOATGML o esonsoens
N o vsscorsos
S13017 9 12729050 gﬁéﬁggg‘ég’é%m;%g% ﬂ%gﬁ%%m;m 40 1xSSC/0.1%xSDS
S0065 10 8699830 %ﬁ%ﬁfﬁg%g‘g%‘g%@:g mﬁﬂ%ﬂ;ﬁggggﬁ 40 1xSSC/0.1%xSDS
cw n e OTAMLIGCOGUC  cCTCTCeMCG, o esonveens
E11325 11 2256140 égg%%fggﬁ%égg@%% mﬁgﬁgﬂggﬁ 30 1xSSC/0.1%xSDS
s n o TSOMMCICCOOY MGG o escormsos
E3876 11 25197076 ég?égg?f%gﬁz\gfégg %mﬁggggﬁggﬁg 50 0.1xSSC/0.1%xSDS

a: 'N' represents a 'Nipponbare' type and 'V' does a variant type.



Supplymentary table 2 Nucleotide sequences and hybridization conditions of 5'-biotin-labeled dot-blot-SNP markers
g Temperature of

Marker name Chr. SNP position hybridization and second

Forward primer sequence (5'-3")
Reverse primer sequence (5'-3')

Probe sequence of ‘Nipponbare' type (5'-3")
Probe sequence of variant type (5'-3")

Second washing buffera
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GGAACTACATATTCAGATCC CTTGCTGTIGTTAGTGT
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a: 'N' represents a 'Nipponbare' type and 'V' does a variant type.



Supplymentary table 3 Sequences and hybridization conditions of bridge hybridization

Forward primer sequence (5'-3')

Probe sequence of 'Nipponbare' type (5'-3')

Temperature of

Ratio®

Marker name Chr. SNP position . - . o hybridization and =~ Second washing buffer i oonbare’  Variant
Reverse primer sequence (5™-3') Probe sequence of variant type (5™-3') second washing 'p?;::"e type
NLSNP1 GTACGTCATCCATAGTCCGATTC CGTGCATGtGTGAGGCG 50 0.1XSSC/0.1%SDS 15 15
! 19714968 AAAAATGCGTGGACGTTAGC CGTGCATGCGTGAGGCG -1xSSCI0.1% : :
CTGGGACTGGATGAGACGTT TGCTGCCGgCGAACCGC
NLSNP45 2 977553 50 0.1xSSC/0.1%SDS 1:5 1:5
CGGAGCTGGATCAGACCTAC TGCTGCCGaCGAACCGC
GTTACCGTGGGTACCAGCACTAT TCTTTGAAtGCTTGATT
NLSNP4 2 17056398 50 1xSSC/0.1%SDS 1:5 1:5
GGCTTGCAGAAGAGTGAAGAAT TCTTTGAAgGCTTGATT
NLSNP7 3 9640009 GCTGGGTGATAGAGCTACCTTC ACTTGCTCCcATCTATTT 40 1XSSC/01%SDS 1:5 15
CTTGGCACACAGAACAAAGA ACTTGCTCtATCTATTT X S ’ '
NLSNPS 3 21926296 GAACGGAGGAAGTACATGAGAAAC TAGAGTCACGTAGAGAT 50 1xSSC/0.1%SDS 15 15
AGGATGCATGAGGGGATATCTA TAGAGTCAtGTAGAGAT X S ’ '
NLSNP11 3 33369280 CCAGATTTTGTCTTGGCCCTAA ATCAGTACaTGCTAAGT 50 1xSSC/0.1%SDS 15 15
GGTGGATGCAAATAGGTACAAC ATCAGTACGTGCTAAGT X S ’ '
NLSNP36 . 28171432 GGTACCTTGGTTACTTGGGCTA CTGGTacACTGGGCTAG 50 0.1XSSC/0.1%SDS 110 15
CTCCTCCTCTCTCTTGGGGTAT CTtGGTtACTGGGCTAG X o ’ '
NLSNP&7 6 5476999 GGCGGTAATAGTGGGACTGA ATGCAAGGCcCAACCTCT 50 1XSSC/0.1%SDS 15 15
CCGGTATGATGGATGGTTTC ATGCAAGGtCAACCTCT X o ’ '
NLSNP13 6 6458563 ACTCCACGAGGTAGTCCTCGAC TTCGCTTGCTTCCAGAC 0 1XSSC/0.1%SDS 1:50 15
GGCCCATCTACAGTATACACACC TTCGCTTGtTTCCAGAC X o ’ '
NLSNP15 6 18992003 GAATGCTTACCGAGATTCCATC CATCGGTAgAGCTAGAC 50 1XSSC/0.1%SDS 15 15
GACTACATGAGGTCCAGCTATGC CATCGGTACAGCTAGAC X o ’ '
NLSNP70 6 21979144 ACAAGCCTCTGGTGCTTTTT GTTGAATTCAATTTTTA 40 1xSSC/0.1%SDS 15 15
TGCAGGCCACTGACTTAACA GTTGAATTIAATTTTTA X S ’ '
NLSNP18 8 20864104 CAGTTAACCACTTCGACAGAAGG AATAGATAtCCACAAGC 50 1xSSC/0.1%SDS 15 15
GGGAGGGATTTGCAGATTAAC AATAGATAcCCCACAAGC X S ’ '
NLSNPSS 9 8418691 CAGGCTTCCTGTTCTTCGTC CAACTACAaCAACTTGG 50 1XSSC/0.1%SDS 110 15
TTCGCTACTGGGTCCACTC CAACTACAGCAACTTGG xoSLR AT : :
NLSNP89 9 11464861 CTCGCCATGTTCAMGAAGC AAGAAGCTYAGCGACGE 50 0.1x88C/0.1%SDS 15 15
CTGGGTGTGAGAGACGAACA AAGAAGCTaAGCGACGC X o ’ '
NLSNP20 9 13754905 GATAAAGCAGAGAGGGGAAGATG TGGCACTCcGAGGCTCC 50 0.1XSSC/0.1%SDS 15 15
CCCTCATTTGCACATTCAGA TGGCACTCtGAGGCTCC X o ’ '
CGTGTGGGAGGGAAAAATAA CGACAAAACCCTATAAT
NLSNP93 10 9665031 50 1xSSC/0.1%SDS 1:5 1:5
AGGACTTCCTCCGTCTCAAA CGACAAAAGCCTATAAT
ATATTTCAGCAGTGGGTTGTGG GGTGTCGAtGCTGTGCT
NLSNP21 10 12100820 50 0.1xSSC/0.1%SDS 1:5 1:5
CGACTCTTTCTTCTCTCCATCTTC GGTGTCGAgGCTGTGCT
AAATTGGCAGCAGTGTCCTT ACCAAGCAtGCATCTGC
NLSNP94 10 16148652 50 0.1xSSC/0.1%SDS 1:5 1:5
TTGGACAGAGCCAACCTACA ACCAAGCAaGCATCTGC
CAGCGCGTGGTAACTATGAC CCAGTCCAtATCTGGAT
NLSNP96 1 6180907 50 1xSSC/0.1%SDS 1:5 1:5
ATCTCATCCCCTCCTTACCC CCAGTCCAgATCTGGAT
ACTGATGACAGGTGAGACCAAGT GGTTCACTaTACTATTA
NLSNP29 12 24186101 40 1xSSC/0.1%SDS 1:5 1:5
TACGTGCTCCGTACGTATGCTAT GGTTCACTgTACTATTA

a: Ratio of competitive probe of labeled probe,
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