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Table 2 The association of single nucleotide polymorphism with allopurinol-related Japanese patients with Stevens-johnson
syndrome or toxic epidermal necrolysis

Dominant genotype mode Allelic
frequency
mode

Order SNP Chromosome  Closest Distance to  Case®  ControP P Odds ratio (95% Cl) P MAF

gene gene (bp) (%)
1 rs2734583  6p21.3 BATI 0 0/6/8 0/11/980 2.44x107% 66.8 (19.8-225.0) 4.62x10"% 0.55
1 rs3094011 6p21.3 HCP5 6553 0/6/8 0/11/980 2.44x107% 66.8 (19.8-225.0) 4.62x10"% 0.55
1 GA005234  6p22.1 MiCcC 0 0/6/8 0/11/980 2.44x107% 66.8 (19.8-225.0) 4.62x107% 0.55
4 rs3099844  6p21.3 HCP5 3693 1/5/8 0/11/978 2.47x107% 66.7 (19.8-224.5) 1.33x107° 0.56
5 1s9267445  6p21.1 PPIAPY 3776 0/6/8 0/11/971 2.58x107% 66.2 (19.7-222.9) 4.87x107% 0.56
6 rs17190526 6p21.3 PSORS1CT —446 0/6/8 0/12/979 3.64x107% 61.2(18.4-203.5) 6.87 x107% 0.61
6 19263726  6p21.3 PSORSTCT 0 0/6/8 0/12/979 3.64x107% 61.2(18.4-203.5) 6.87 x107% 0.61
6 1s2233945  6p21.3 PSORS1CI 0 0/6/8 0/12/979 3.64x107% 61.2(18.4-203.5) 6.87x107% 0.61
6 159263733  6p21.3 POLR2LP 139 0/6/8 0/12/979 3.64x107% 61.2(18.4-203.5) 6.87x107% 0.61
6 1s9263745  6p21.3 CCHCR1 0 0/6/8 0/12/979 3.64x107% 61.2(18.4-203.5) 6.87x107% 0.61
6 rs130077 6p21.3 CCHCR1 0 0/6/8 0/12/979 2.44x10"% 61.2(18.4-203.5) 6.87 x107% 0.61
6 rs9263781 6p21.3 CCHCR1 0 0/6/8 0/12/979 2.44x107% 61.2(18.4-203.5) 6.87x107% 0.61
6 rs9263785  6p21.3 CCHCRI 0 0/6/8 0/12/979 2.44x107% 61.2(18.4-203.5) 6.87x107% 0.61
6 19263794  6p21.3 TCF19 0 0/6/8 0/12/979 2.47x10"% 61.2(18.4-203.5) 6.87x107% 0.61
6 rs1044870  6p21.3 TCF19 0 0/6/8 0/12/979 2.58x107% 61.2(18.4-203.5) 6.87 x107% 0.61
6 rs9263796  6p21.3 POUSFI1 0 0/6/8 0/12/979 3.64x107% 61.2(18.4-203.5) 6.87 x107% 0.61
6 rs9263800 6p21.3 POUSF1 0 0/6/8 0/12/979 3.64x107% 61.2(18.4-203.5) 6.87x107% 0.61
6 14084090  6p21.3 HLA-C 17691 0/6/8 0/12/979 3.64x107% 61.2(18.4-203.5) 6.87 x107% 0.61
19 13131643  6p21.3 HCP5 0 1/5/8 0/12/977 3.68x107% 61.1(18.4-203.1) 2.08x107° 0.61
20 1s9263827  6p21.3 PSORS1C3 —3369 0/6/8 0/12/974 3.75x107% 60.9 (18.3-202.5) 7.07x107% 0.61
20 11634776  6p21.3 HLA-B 12661 0/6/8 0/12/974 3.75x107% 60.9 (18.3-202.5) 7.07x107% 0.61

Abbreviations: Cl, confidence interval; MAF; minor allelic frequency; SNP, ingle nucleotide polymorphism.
aNumber of subjects in minor homo/hetero/major homo.

Table 3 HLA types and representative genotypes in 6p21 of allopurinol-related Japanese patients with Stevens-johnson
syndrome or toxic epidermal necrolysis

D HLA-A HLA-B HLA-Cw 152734583  rs3099844 159267445 159263726 rs3131643 51634776
1 2402 3303 4002 5801 0302 0304 T/C C/A G/C G/A T G/A
2 2402 3101 1501 5601 0303 0401 /T c/C G/G G/G c/C G/G
3 2402 3101 5201 5801 0302 1202 T/C C/A G/C G/A T G/A
4 1101 1701 4801 5801 0302 0803 T/C A/A G/C G/A T G/A
5 2402 2602 4006 5101 0801 1402 /T c/c G/G G/G c/C G/G
6 0201 1101 1518 3501 0401 0801 /T c/C G/G G/G c/C G/G
7 2402 3303 5201 5801 0302 1202 T/C C/A G/C G/A T G/A
8 0201 2402 1527 4003 0304 0401 Al c/C G/G G/G c/C G/G
9 2402 2402 3501 5201 0303 1202 T c/C G/G G/G c/C G/G

10 0210 1701 4002 4006 0401 0801 /T c/C G/G G/G c/C G/G

11 0207 2402 4601 5101 0102 1402 /T c/C G/G G/G c/C G/G

12 2402 3101 3901 4001 0304 0702 /T c/C G/G G/G c/C G/G

13 0207 3303 4601 5801 0102 0302 T/C C/A G/C G/A T G/A

14 3101 3303 3901 5801 0302 0702 T/C C/A G/C G/A T G/A

15 2402 3303 5101 5801 0302 1402 T/C C/A NA G/A T NA

16 0201 3303 3802 5801 0302 0702 T/C C/A NA G/A T NA

17 2402 3303 0702 5801 0302 0702 T/C C/A NA G/A T NA

18 2402 3303 5101 5801 0302 0304 T/C C/A NA G/A T NA

Abbreviations: HLA, human leukocyte antigen; NA, not available.

Single nucleotide polymorphisms data of rs2734583, rs3099844, rs9263726 and rs3131643 are from BeadChip analysis and TagMan genotyping analysis. Single
nucleotide polymorphisms data of rs9267445 and rs1634776 are from BeadChip analysis.

Underlines of HLA types mean that these types are in linkage disequilibrium. HLA-B*5801s are expressed by bold types.

Bold types of the nucleotide mean the variant allele.
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Table 4a Association between HLA-A alleles and allopurinol-induced Stevens-Johnson syndrome or toxic epidermal necrolysis

Number of alleles detected (allele frequency)

HLA-A allele Case, n==36 (%) General population p QOdds ratio
control (n= 986)" (%) (95% CI)

0201 3 (8.3) 10.9 0.7895

0206 0 (0) 10.4 0.0426

0207 2 (5.6) 3.4 0.3650

0210 1 (2.8) 0.1 0.0692

1101 4 (11.1) 8.1 0.5299

2402 13 (36.1) 35.6 1.000 1.02 (0.51-2.04)
2601 0 (0) 9.8 0.0417

2602 1(2.8) 2.2 0.5657

3101 4 (11.1) 7.7 0.5195

3303 8 (22.2) 7.9 0.0077 3.32 (1.46-7.54)

Abbreviations: Cl, confidence interval; HLA, human leukocyte antigen.
We listed the HLA-A types of which the allele frequencies in the Japanese population are more than 9% or which were detected in this study.
2General population control data are cited from Tanaka et al.*®

Table 4b  Association between HLA-B alleles and allopurinol-induced Stevens-Johnson syndrome or toxic epidermal necrolysis

Number of alleles detected
(allele frequency)

HLA-B allele Case, General population P Odds ratio
n=236 (%) control (n=986)* (%) (95% Cli)

0702 1(2.8) 5.2 1.000

1501 1(2.8) 7.2 0.5076

1518 1(2.8) 0.9 0.3025

1527 1(2.8) 0 0.0352

3501 2 (5.6) 8.6 0.7621

3802 1(2.8) 0.3 0.1338

3901 2 (5.6) 4.0 0.6520

4001 1(2.8) 5.1 1.0000

4002 2 (5.6) 8.2 0.7620

4003 1(2.8) 1.1 0.3512

4006 2 (5.6) 53 0.7150

4403 0 (0) 6.9 0.1648

4601 2 (5.6) 3.8 0.6441

4801 1(2.8) 2.7 1.0000

5101 4 (11.1) 7.9 0.5244

5201 3 (8.3) 13.7 0.4624

5401 0 (0) 6.5 0.1620

5601 1(2.8) 1.0 0.3273

5801 10 (27.8) 0.6 5.388x 1072 62.8 (21.2-185.8)

Abbreviations: Cl, confidence interval; HLA, human leukocyte antigen.
We listed the HLA-B types of which the allele frequencies in the Japanese population are more than 6.5% or which were detected in this study.
2General population control data are cited from Tanaka et al.*°

LD of HLA-B*5801 with SNPs on chromosome 6 Table 2 because the other 15 SNPs are in absolute LD with 1
We compared the genotypic distributions of six SNPs, which ~ of the 6 SNPs. Representative six variants of the signifi-
were significantly associated with SJS/TEN (Table 2), with cant SNPs on chromosome 6 were found in all of the SJS/
HLA types because these SNPs are located near the HLA-B TEN patients who carried the HLA-B*5801 (10 patients)
gene. These 6 SNPs listed in Table 3 represent 21 SNPs in  (Table 3). Therefore, in order to evaluate LD in the Japanese
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Table 4c  Association between HLA-Cw alleles and allopurinol-induced Stevens-Johnson syndrome or toxic epidermal necrolysis

Number of alleles detected (allele frequency)

HLA-Cw allele Case, n= 36 (%) General population P Odds ratio (95% CI)
control (n=234)? (%)
0102 2 (5.6) 17.0 0.0859
0302 10 (27.8) 0 5.303x 10~
0303 2 (5.6) 7.8 1.000
0304 4(11.1) 11.3 1.000
0401 4 (11.1) 6.5 0.2961
0702 4 (11.1) 11.3 1.000
0801 3(8.3) 10.9 0.7777
0803 1(2.8) 2.6 1.000
1202 3 (8.3) 10.4 1.000
1402 3 (8.3) 5.7 0.4559
1403 0 (0) 12.2 0.0192

Abbreviations: Cl, confidence interval; HLA, human leukocyte antigen.

We listed the HLA-Cw types of which the allele frequencies in the Japanese population are more than 10% or which were detected in this study.

2General population control data are cited from Tokunaga et al.*!

Table 5 The linkage disequilibrium between HLA types and representative single nucleotide polymorphisms on 6p21 of 206

Japanese individuals

HLA rs3099844 rs3131643 rs2734583 rs9267445 rs9263726 rs1634776
A 0.821 0.621 0.835 0.798 0.847 0.803
B 0.973 0.873 1.000 1.000 1.000 0.996
Cw 0.984 0.773 1.000 1.000 1.000 0.909

Abbreviation: HLA, human leukocyte antigen.
Data are expressed in [Y.

Table 6 The linkage disequilibrium between representative
single nucleotide polymorphisms on 6p21 and HLA-B*5801 of
206 Japanese individuals

SNP D r?

rs3099844 0.930 0.866
rs3131643 0.929 0.674
rs2734583 1.000 0.931
1s9267445 1.000 0.896
rs9263726 1.000 1.000
rs1634776 1.000 0.905

Abbreviation: SNP, single nucleotide polymorphism.

population, LD coefficients (D') were calculated between
classical class 1 HLA types and six representative SNPs at
6p21, using the HLA-type and SNPs genotype data of
206 Japanese individuals, including 141 SJS/TEN cases
and an additional 65 non-SJS/TEN Japanese subjects. As
shown in Tables 5 and 6 representative SNPs on chromo-
some 6 showed LD for the HLAs. In particular, three SNPs
(rs2734583, 159267445 and 1s9263726) showed a strong
linkage with HLA-B and Cw alleles (Table 5). LD between six

representative SNPs in 6p21 and HLA-B*5801 are shown in
Table 6. A novel observation was the absolute LD (D' =1,
r?=1) between 1$9263726 in PSORS1C1 and the HLA-B*5801
allele.

Discussion

In order to explore new genetic biomarkers associated with
the occurrence of allopurinol-related SJS/TEN Japanese
patients, we conducted a GWAS using 890321 SNPs from
patients with allopurinol-related SJS/TEN and an ethnically
matched control group. The GWAS data indicated that most
SNPs significantly associated with allopurinol-related SJS/
TEN are located on or close to genes that overlap the 6p21
region, especially the genes neighboring HLA-B. There was
no significantly associated SNP in any other region of the
genome (Figures 1 and 2 and Table 2), indicating that the
6p21 region has the most important role in the progress of
allopurinol-related SJS/TEN. We expected to find SJS/TEN-
associated SNPs, which are unrelated to HLA-B*5801 from
this GWAS study because the association of HLA-B*5801
with SJS/TEN is incomplete (10/18) in Japanese patients in
contrast to Han Chinese” and Thai patients.® However, most
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of significant SNPs were closely linked with HLA-B*5801
(Table 6). Previous studies have indicated that a SNP
(rs2395029) in the HCPS, which is on 6p21.3, is strongly
associated with human immunodeficiency virus-1 set
points, 2% abacavir-induced hypersensitivity**¢ and flu-
cloxacillin-induced liver injury.*' This SNP is in strong LD
with HLA-B*5701 in Caucasians.”® Another SNP in 6p21 in
PSORSICI, a psoriasis-susceptibility candidate gene, was
related with psoriasis in Swedish and Canadian popula-
tions'”'* and exhibits LD with HLA-Cw*0602 in Canadian
populations.'® These reports suggest that SNPs located in
6p21 link with a specific type of classical class I HLA that
could be an alternative biomarker for the physiological
phenomenon. Therefore, we examined the LD between
these SNPs, shown in Table 2, and HLA-B*5801, which has
been regarded as a genetic biomarker of SJS/TEN not only in
Han Chinese,” but also in Caucasians® and Japanese.'® We
found that all of the Japanese patients with the allopurinol-
related SJS/TEN who had the HLA-B*5801 (10 patients) also
had variant SNPs of genes that are located in 6p21, including
BAT1, HCPS, PPIAPY, PSORSICI and HLA-B (Table 3). The
analysis of the LD coefficients between SNPs located in 6p21
and HLA types in the Japanese population indicated that
these SNPs are in strong LD with HLA types (Table 5), and an
absolute LD between rs9263726 in PSORSICI and HLA-
B*5801 was observed in the Japanese population (Table 6).
These results mean that all subjects (14 individuals includ-
ing 10 with allopurinol-related SJS/TEN) who carry HLA-
B*5801 are in complete accord with all subjects with minor
A allele of 159263726 in the Japanese population. Therefore,
1s9263726 in PSORSIC1 is an alternative biomarker for HLA-
B*5801 in the Japanese population. Conventional genotyp-
ing of 159263726 based on allelic discrimination offers
several advantages over HLA-B typing, which is determined
by genotyping of several SNPs forming the HLA-B*5801
haplotype. Various broadly used technologies (for example,
TagMan genotyping) allow the standardized identification
of two distinct alleles in one reaction tube, limiting the risk
of contamination and allowing high-throughput genotyp-
ing with high sensitivity and specificity. In addition, the test
is largely independent of both the performance of and
interpretation by laboratory personnel. SNP genotyping is
also less time consuming and cheaper than sequence-based
HLA typing, and it does not require specialized laboratories.
Therefore, the easy detection of these SNPs has a practical
and economical advantage in clinical application for
predicting the onset of allopurinol-related SJS/TEN.
Although the previous report revealed that three SNPs in
HLA region strongly associated with allopurinol-related
SCAR in Han Chinese,” the two SNPs analyzed by the
Mlumina Human 1IM-DUO BeadChip showed only weak
association in the Japanese. This ethnic difference might be
due to the difference of LD.

The functional analysis of genes that carry these SNPs—
including HCP5, BAT1, PSORS1C1, CCHCRI1, TCF19 and
POUSF1—in the pathogenesis of allopurinol-related SJS/TEN
might be useful for determining their relevance. CCHCRI is
a regulator of keratinocyte proliferation or differentiation
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and is overexpressed in keratinocytes in psoriatic lesions.?*-2?

TCF19 is a potential trans-activating factor that could play
an important role in the transcription of genes required for
the later stages of cell cycle progression.?” Possible psoriasis
candidate genes near HLA-B include PSORSIC1,'7-1?
CCHCR1,?*2* and POUSF1.**?* Mutations in BATI may be
associated with rheumatoid arthritis.**=*¢ HCPS encodes an
endogenous retroviral element mainly that is expressed in
immune cells and there is evidence that the SNP in this gene
is protective against human immunodeficiency virus-1
infection.*=* The functions and relevance of these genes
suggest that the pathogenesis of allopurinol-related SJS/TEN
might involve not only an immune system disorder, but also
processes of cell proliferation and differentiation.

In conclusion, the results of this GWAS of allopurinol-
related SJS/TEN in Japanese patients show that SNPs in genes
located in 6p21, which are in LD with HLA-B*S801, are
strongly associated with the cutaneous adverse reaction.
Therefore, these SNPs, especially 1s9263726, prove to be
predictors for allopurinol-related SJS/TEN in Japanese, and
their genes might be involved in the pathogenesis of
allopurinol-related SJS/TEN. The OR of rs9263726 is ex-
tremely high from this case-control study and the typing
cost of SNP is much cheaper than that of HLA typing.
Moreover, the SJS/TEN has a very severe adverse reaction of
allopurinol, which is high mortality. Therefore, we believe
that the screening of 159263726 genotype before allopurinol
administration is necessary to prevent SJS/TEN in allopur-
inol-treated Japanese patients, although its allele frequency
is very low in the Japanese. Association analyses of other
ethnic populations are needed for confirming and compazr-
ing the results obtained in this study. In vitro functional
studies of these genes are also necessary for identification of
the physiological and molecular pathways leading to
allopurinol-related SJS/TEN.
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When the whole human genome sequence was determined by the Human Genome Project, the number of
identified genes was fewer than expected. However, recent studies suggest that undiscovered transcripts
still exist in the human genome. Furthermore, a new technology, the DNA microarray, which can simulta-
neously characterize huge amounts of genome sequence data, has become a useful tool for analyzing genetic

?ﬁ{:ogffa changes in various diseases. A version of this tool, the tiling DNA microarray, was designed to search all the
Micriarra;/ transcripts of the entire human genome, and provides huge amounts of data, including both exon and intron
Novel gene sequences, by a simple process. Although some previous'studies using tiling DNA microarray analysis have
Prostate indicated that numerous novel transcripts can be found in the human genome, none of them has reported

any novel full-length human genes. Here, to find novel genes, we analyzed all the transcripts expressed in
normal human prostate cells using this microarray. Because the optimal analytical parameters for using tiling
DNA microarray data for this purpose had not been established, we established parameters for extracting the
most likely regions for novel transcripts. The three parameters we optimized were the threshold for positive
signal intensity, the Max gap, and the Min run, which we set to detect all transcriptional regions that were
above the average length of known exons and had a signal intensity in the top 5%. We succeeded in obtaining
the full-length sequence of one novel gene, located on chromosome 12q24.13. We named the novel gene
“POTAGE". Its 5841-bp mRNA consists of 26 exons. We detected part of exon 2 in the tiling data analysis.
The full-length sequence was then obtained by RT-PCR and RACE. Although the function of POTAGE is
unclear, its sequence showed high homology with genes in other species, suggesting it might have an impor-
tant or essential function. This study demonstrates that the tiling DNA microarray can be useful for identifying
novel human genes.

© 2012 Elsevier B.V. All rights reserved.

1. Introduction

DNA microarray analysis has been established as one of the most
useful technologies for investigating the underlying pathogenesis of
various diseases (Castellano et al, 2009; Heintzman et al, 2009;
Hussain et al,, 2009; Takata et al,, 2010; Xu et al., 2005; Yeager et al.,
2007; Yeager et al., 2009). Annotated gene expression levels and single
nucleotide polymorphisms can be conveniently evaluated using this
technique. The tiling DNA microarray is a variation that was developed
for investigating all the transcripts of the whole genome, including
those of undiscovered genes (Bertone et al, 2004; Johnson et al,
2005; Kapranov et al.,, 2002; Mockler et al,, 2005; Royce et al., 2005;

Abbreviations: mRNA, messenger RNA; RT-PCR, reverse transcription-polymerase
chain reaction; RACE, rapid amplification of ¢cDNA ends; kb, kilobases; GAPDH,
glyceraldehyde-3-phosphate dehydrogenase.
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Schadt et al., 2004; Shoemaker et al., 2001). This innovation also allows
us to investigate the pathogenesis of various diseases.

The Human Genome Project reported the first complete sequence
of the human genome in 2003. This project found 30,000 fewer
expressed genes than had been expected (International Human
Genome Sequencing Consortium, 2004; Lander et al., 2001; Venter
et al., 2001). However, even though the findings also suggested
that more than 98% of all genomic sequences are not transcribed
(Cheng et al., 2005), recent studies on these “non-coding” DNA re-
gions have revealed that they have many functions. In addition,
these regions contain computationally predicted genes that may en-
code functional DNA and/or proteins. These observations suggest
that novel genes that are transcribed into RNA may be found in
these regions.

Because the original DNA microarray technology, used for evaluat-
ing annotated gene expression levels, was designed with relatively
few probes, usually covering only the 5/-ends of annotated genes, it
is not very useful for finding undiscovered transcripts in unexplored
genomic regions. Specifically, the number and location of the probes
meant that transcribed regions that lay between the probes could
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not be detected. In contrast, tiling DNA microarrays are useful for
mapping novel transcripts, because the “tiling” feature consists of
25-mer oligonucleotide probes that are tiled at approximately 35-bp
intervals, as measured from the central position of the adjacent
probe. Therefore, a gap of only approximately 10 bp lies between
probes, which cover the entire genome except the telomeres and cen-
tromeres (Sasaki et al., 2007). Tiling DNA microarray data have im-
proved gene annotations and revealed the extensive transcriptions
of non-coding RNAs. The closely spaced probes allow for the accurate
measurement of small transcriptional features, such as single exons
or small introns. This technology is now allowing us to investigate
undiscovered transcripts as well as the expression of annotated
genes. In this regard, the tiling DNA microarray is one of the most
powerful and fruitful tools for evaluating both annotated genes and
novel transcripts that have unclear functions. Previous reports using
tiling DNA microarray have demonstrated novel transcripts in the
human genome. However, full-length novel genes have not been
reported (Kampa et al,, 2004; Kapranov et al, 2005; Nelson et al,
2008; Weile et al., 2007).

In this study, we used tiling DNA microarray to seek undiscovered
transcripts, and we demonstrated its usefulness for identifying a novel
coding gene.

2. Materials and methods
2.1. Cell culture

Primary normal prostate epithelial cells (PrECs) were purchased
from Lonza (Walkersville, MD) and maintained in prostate epithelial
cell media (PrEGM Bullet Kit-Lonza) supplemented with a mixture
of various growth factors (Single Quots-Lonza). Cells were seeded at
recommended densities and cultured at 37 °C at 5% CO,. Media
were changed every 48 h.

2.2. RNA and DNA preparation

Total RNA was extracted from PrECs with the RNeasy Plus Mini Kit
(Qiagen, Valencia, CA). RNA quality was evaluated by spectrophotom-
etry with a NanoDrop ND-1000 spectrophotometer (Thermo Fisher
Scientific, Wilmington, DE, USA) and by gel electrophoresis.

Genomic DNA was extracted from cancerous and normal frozen
prostate tissue. The samples were minced and mixed well in lysis
buffer with proteinase-K (to 0.2 mg/mL) and SDS (to 0.1%) at 55 °C.
DNA was separated from the proteinaceous component by two ex-
tractions with an equal volume of phenol/chloroform isoamyl alcohol.
The aqueous phase was mixed with 2.5 volumes of 100% ethanol and
0.1 volumes of 3 M sodium acetate and centrifuged at 12,000 xg for
20 min at 4 °C. The DNA pellet was washed with cold 70% ethanol
and allowed to air dry before resuspension in TE (10 mM Tris-HCl
pH 7.5, 1 mM EDTA).

2.3. Affymetrix GeneChip® hybridization

Affymetrix Human Tiling 1.0R Array GeneChip® (Tiling array;
Affymetrix, Santa Clara, CA) arrays were used for triplicate hybridizations.
For the microarray hybridization, we followed the protocol described in
the Affymetrix GeneChip® Whole Transcript Double-Stranded Target
Assay Manual (Affymetrix, Santa Clara, CA). In brief, 6 pg of total RNA
was purified by ribosomal RNA reduction using the RiboMinus Human/
Mouse Transcriptome Isolation Kit (Invitrogen Co., Carlsbad, CA) and
cleaned up. A single-stranded ¢cDNA was synthesized using a T7-(N)s
primer, and the cDNA was made double-stranded. The ds cDNA was
amplified by in vitro transcription into complementary RNA (cRNA) and
cleaned up. The second cycle ds cDNA was synthesized using the ampli-
fied cRNA as a template. The ds DNA was cleaned up, fragmented, and
labeled with biotin. The fragmented ds DNA was used for hybridization

to the microarrays at 45 °C for 16 h with a rotation rate of 60 rpm using
a GeneChip® Hybridization Oven (Affymetrix, Santa Clara, CA). The
microarrays were washed and stained using an Affymetrix GeneChip®
Fluidics Station 450 and scanned by an Affymetrix GeneChip® Scanner
3000.

24. Tiling array data analysis

To handle the data generated by using probes that hybridize
throughout the whole genome, we extracted the positive data as
follows (Supplemental Fig. 1). As the distance used to locally group
positional data for statistical analysis, we set the bandwidth at the
maximum recommended level (73 bp). This setting increases the re-
liability of the signal intensity derived from a perfectly matched probe
vs. a mismatched probe. After removing data that showed no signal
intensity (43.9% of all probes in 14 arrays), the threshold for each
array was set to filter out all but the top 5% of probe intensities. A pos-
itive probe was defined as one having a signal intensity greater than
threshold (Supplemental Table 1, Supplemental Fig. 2) (Eisenberg
and Levanon, 2003). To evaluate the DNA regions hybridizing with
positive probes, we used a Max gap parameter (the maximum toler-
ated gap between positive positions in the derivation of detected re-
gions) of 70 bp, to permit the hybridization of a negative probe
between two positive probes. The Min run parameter (the minimum
size of a detected region) was set at 140 bp, which is the approximate
average length of all exons identified among the annotated genes
of NCBI (http://www.ncbi.nlm.nih.gov/) Build 36.2 (Supplemental
Table 1, Supplemental Fig. 3). The regions whose signals passed our
three parameter settings were compared to those of annotated
genes by the probe position, according to the information provided
by NCBI Build 36 in the Affymetrix Integrated Genome Browser
(IGB) (Nicol et al., 2009), to remove regions that overlapped with an-
notated genes. Next, the data were carefully divided into known or
unknown transcripts by checking each sequence against the latest an-
notations. New transcripts that appeared within an annotated gene,
even if not in the exonic sequences, were also considered to be
gene-related transcripts, and we excluded them from further analy-
sis. Finally, cases of two or more novel regions lying within 5-kbp
on the genome were defined as “zones,” and were investigated
further.

2.5. RT-PCR and rapid amplification of cDNA ends (RACE)

Total RNA was extracted from the specimens using the RNeasy
Plus Mini Kit (Qiagen, Valencia, CA). First-strand ¢DNA synthesis
was performed using the SuperScript 1l First-Strand Synthesis Sys-
tem with an oligo (dT),o primer for RT-PCR (Invitrogen Co., Carlsbad
CA), according to standard procedures.

Rapid amplification of cDNA ends (RACE) was performed with a
GeneRacer kit (Invitrogen Co., Carlsbad, CA) and SMART RACE cDNA
Amplification Kit (Clontech Laboratories, CA, USA), according to the
manufacturer's instructions.

2.6. Sequencing analysis

Amplified RT-PCR and RACE products of target regions were se-
quenced with a BigDye terminator v1.1 or v3.1 Cycle Sequencing kit
(Applied Biosystems, CA, USA) using Applied Biosystems 3130 Genetic
Analyzers. The primers for the sequencing analysis were designed
according to the results of each RACE analysis. The primer sequences
are described in the supplementary information.

2.7. Quantitative RT-PCR assay in multiple human tissues

To evaluate the l