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ABSTRACT -~ A large-scale toxicogenomcis database has now been constructed in the Toxicogenomics
Project in Japan (TGP). To facilitate the analytical procedures for such large-scale microarray data, we
developed a simple one-dimensional score, named TGP1 which expresses the trend of the changes in
expression of biomarker genes as a whole. To evaluate the usefulness of the TGP1 score, microarray data
of rat liver and rat hepatocytes deposited in the TGP database were scored for three biomarker gene sets,
i.e., carcinogenesis-related, PPAR o-regulated and glutathione depletion-related gene sets. The TGP1 scor-
ing system gave reasonable results, i.e., the scores for carcinogenesis-related genes were high in omepra-
zole-, chlorpromazine-, hexachlorobenzene-, sulfasalazine- and Wy-14,643-treated rat livers, that for
PPARo-~regulated genes were high in clofibrate-, Wy-14,643-, gemfibrozil-, benzbromarone- and aspirin-
treated rat livers as well as rat hepatocytes, and for glutathione deficiency-related genes were high in ome-
prazole-, bromobenzene-, acetaminophen- and coumarin-treated rat liver. We concluded that the TGP1
score is useful for surveying the expression changes in multiple biomarker gene sets for a large-scale tox-
icogenomics database, which would reduce the time of doing conventional multivariate statistical analysis.
In addition, the TGP1 score can be applied to screening of compatible biomarker gene sets between rat
liver and rat hepatocytes, like PPARc-regulated gene sets, which will allow us to develop an appropriate
in vitro system for drug safety assessment in vivo.
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INTRODUCTION
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Toxicogenomics has been considered to be a
promising methodology for understanding the molecu-
lar mechanisms of toxicity, and this has been proven by
a number of studies (Kiyosawa et al.,, 2004b; Sehata ef
al., 2004; Ito et al., 2006). Toxicogenomics research
requires a high-quality microarray database that covers
a sufficient number of well-studied compounds, and

such databases are being developed for both public and
commercial use (Boverhof and Zacharewski, 2006).
The Toxicogenomics Project in Japan (TGP) has been
conducted by the collaborative research of 15 pharma-
ceutical companies, the National Institute of Health
Science and the National Institute of Biomedical Inno-
vation, and is a five-year project started from 2002
(Takashima et al., 2006; Urushidani and Nagao, 2005).
The TGP database is a toxicogenomics-oriented data-
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base that consists of microarray data of rat liver, rat
hepatocytes and human hepatocytes, as well as tradi-
tional toxicological data for 150 compounds. The
large-scale TGP database is expected to be useful for
characterizing the chemical-induced molecular
dynamics and for evaluating and predicting the poten-
tial risk of chemical toxicity at early stages of drug
development.

Specific gene sets whose mRNA levels are corre-
lated with certain toxicological phenotypes, or toxico-
genomics biomarkers, are useful for evaluating the tox-
icological significance from microarray data. For
example, previous reports demonstrated that certain
gene sets could be applied for evaluating a chemical-
induced glutathione deficiency or risk of acetami-
nophen-type hepatotoxicity (Kiyosawa et al., 2004a), a
chemical-induced phospholipidosis not only in rodent
but also in the human case (Sawada et al., 2005), and
evaluation of the carcinogenic potential of the chemi-
cals (Ellinger-Ziegelbauer ez al., 2004). Such candidate
biomarkers have been rapidly accumulated. The signif-
icance of the toxicogenoimics database will grow syn-
ergistically with accumulation of toxicogenomics
biomarker information.

When using the toxicogenomics database, one of
the major obstacles is its gigantic data size. Further-
more, it becomes more complex as the toxicogenomics
biomarker knowledge accumulates. Multivariate statis-
tical techniques such as hierarchical clustering, k-
means clustering, self-organizing map or principal
component analysis are usually applied for analyzing
the microarray data (Kaminski and Friedman, 2002;
Draghici, 2003). Although such techniques provide the
general characteristics of gene expression profiles
rather intuitively, they are not suitable for high-
throughput analysis when a series of biomarker gene
sets 1s to be analyzed at the same time. One simple
solution is to circumvent the time-consuming analyti-
cal procedure by utilizing a one-dimensional score,
which reflects the level of gene expression changes for
certain biomarker gene sets. The calculated scores for
many samples can be presented in the multiple biomar-
ker gene sets simultaneously, so it becomes easy to
capture the toxicological endpoints that should be
focused on for further detailed analysis. In the present
study, we have developed a score that reflects the level
of chemical-induced gene expression changes for cer-
tain biomarker gene sets in our large-scale TGP data-
base. The score is calculated from the fold change
value of each gene, calculated by dividing the mean
signal of the chemical-treated group by that of the
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vehicle-treated group, and therefore is easy to calculate
and interpret results. The usefulness of the presented
score was verified in three biomarker gene sets.

MATERIALS AND METHODS

Chemicals

Thirty-eight chemicals used for the data analysis
are listed in Table 1, in which the chemical name, man-
ufacturer, highest dosage and vehicle used in the study
are described. In our standard protocol, all the drugs
were administered in three dose levels, i.e., high, mid-
dle (1/3 of the high dose), and low (1/10 of the high
dose). In the present study, however, the data of the
high dose are exclusively shown for simplicity. In cer-
tain cases (Fig. 3), the results of other dose levels are
also exhibited in order to show dose-dependency.

Animal treatment

Six-week old male Sprague-Dawley rats (Charles
River Japan, Inc., Kanagawa, Japan) consisted of five
animals per group and were used for the in-life study.
The detailed study information is the same as in the lit-
erature (Takashima et al., 2006). Rats were sacrificed
at 24 hr after a single dosing of chemicals. Liver was
removed at necropsy, and soaked in RNAlater®
(Ambion Inc., Austin, TX, USA) to prevent RNA deg-
radation. We affirm that experimental protocols for
both the animal and hepatocyte studies were reviewed
and approved by the Ethics Review Committee for
Animal Experimentation of the National Institute of
Health Science.

Hepatocytes treatment

Hepatocytes were isolated from 6-week-old male
Sprague-Dawley rats under sodium pentobarbital (120
mg/kg, ip) and anesthetized by a modified two-step
collagenase perfusion method. The liver was perfused
via the portal vein for 10 min with divalent cation-free,
EGTA (0.5 mM)-supplemented HEPES buffered
Hank’s balanced salt solution followed by a 10-min
perfusion with HEPES (10 mM)-buffered normal
Hank’s balanced salt solution containing soybean
trypsin inhibitor (Sigma, T-2011, 0.05 g/L) and colla-
genase (WAKO 034-10533, 0.5 g/L) at the flow rate of
10 - 30 ml/min. The isolated cells were washed three
times by 50 g for 1 min to obtain a parenchymal cell-
enriched pellet. Hepatocytes were not used when their
viability assessed by trypan blue exclusion was lower
than 70%. The cells were seeded into collagen-coated
six-well plates (BD BioCoat™ Collagen I Cellware,
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BD Bioscience) at a density of 1x10° cells/well in 2 ml
HMC Bulletkit medium (CAMBREX) supplemented
with 10% fetal bovine serum. Following an attachment
period of 3 hr, the medium was replaced and kept over-
night before drug exposure at 37°C in an atmosphere of
5% CO,. The test compounds were added to the
medium directly or as a 1000x stock solution in dime-
thylsulfoxide (DMSO). After 2, 8 and 24 hr-exposure,
cells were dissolved with RLT buffer (Qiagen) and col-
lected for expression profiling. GeneChip analysis was
performed in a duplicated manner for each time and
concentration point.

Microarray analysis :

The detailed information is described in the pre-
vious literature (Takashima et al., 2006). Briefly, 3
liver samples out of 5 samples collected in the animal
were used for analysis. Total RNA was isolated using
RNeasy Mini Kit with Bio Robot 3000 (Qiagen, Inc.,
Valencia, CA, USA), and 5 g of the total RNA was
used for cDNA synthesis using T7-(dT)24 oligonucle-
otide primer (Affymetrix, Inc., Santa Clara, CA, USA)
and SuperScript Choice System (Invitrogen, Carlsbad,
CA, USA). Biotin-labeled cRNA was synthesized
using BioArray High Yield RNA Transcription Label-
ing Kit (Enzo Diagnostics, Farmingdale, NY, USA).
The hybridization cocktail was prepared with 10 pg of
fragmented ¢cRNA, and hybridized to RAE 230A
GeneChip array (Affymetrix, Inc.) at 45°C for 18 hr.
The hybridized GeneChip array was washed and
stained by streptavidin-phycoerythrin using Fluidics
Station 400 (Affymetrix, Inc.) and scanned by Gene-
Array Scanner (Affymetrix, Inc.). The scanned image
files were analyzed using Microarray Suite ver. 5.0. All
the microatray data were scaled by global normaliza-
tion where the mean signal intensity of each data was
adjusted to 500. A heat map representing gene expres-
sion levels was created using Spotfire sofiware (Spot-
fire, Inc., Somerville, MA).

Biomarker gene sets

Three lists of probe sets of RG U34A arrays are
selected from the literature whose signals were
reported to be increased by certain chemical treat-
ments: i) carcinogenicity-related gene probe sets
(Ellinger-Ziegelbauer ef al., 2004), ii) PPARo-regu-
lated gene probe sets (Richert ez al., 2003), and iii) glu-
tathione deficiency-correlated gene probe sets (Kiy-
osawa et al., 2004a). The information for the selected
probe sets is summarized in Table 2, and lists of the
probe sets for each biomarker gene set are presented
from Table 3 to Table 5. Since the selected probe sets
were those of RG U34A array, the corresponding probe
sets of RAE 230A array were determined by selecting
“good match probe sets”, where the probe sets whose
corresponding probe sequences do not overlap
between those of RG U34A and RAE 230A array were
removed. The “good match probe set” information is
provided in the NetAffx Website (Liu et al., 2003).

Calculation of TGP1 score

The TGP1 score was calculated as shown in Fig.
1. Signal log ratio was calculated by dividing the mean
signal value of the chemical-treated group by that of
corresponding control. First, the sum of the signal log
ratios for the used probe sets was calculated, and then
divided by the number of probe sets used (Index 1).
Next, the sum of squared signal log ratios for the used
probe sets was calculated, and then divided by the
number of probe sets used (Index 2). Finally, the TGP1
score was calculated by multiplying Index 1 with Index
2.

Individual gene expression analysis

The fold change in carcinogenesis- and glu-
tathione deficiency-related genes is calculated by
dividing signal data of the chemical-treated group by
mean signal data (n=3 for rat liver and n=2 for rat hepa-
tocytes) of corresponding control. The signal log ratio

Table 2. Summary of biomarker gene sets used in the present study.

Number of probe sets

Biomarker RG U34A RAE 230A Reference
Carcinogenicity-related 55 26 Ellinger-Ziegelbauer ef al., 2004
PPARO-regulated 30 17 Richert et al., 2003

Glutahione deficiency-related 69 45 Kiyosawa er al., 2004

Three biomarker gene sets whose expression levels were reported to be increased by carcinogens, PPARo. activators or glutathione
depletors, were selected from the literature, and used for calculation of the TGP1 score. These genes were originally identified using
a RG U34A GeneChip array, and the corresponding “good match” probe sets of the RAE 230A GeneChip array were re-selected

according to the information provided by the NetAffx website.

Vol. 31 No. 5
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Table 3. Carcinogenesis-related gene probe sets.
Affymetrix probe set ID

RG U34A RAE 230A Gene name

X62952_at 1367574 _at Vimentin

L13039_s_at 1367584_at Annexin A2

M58404_at 1367655_at Thymosin, beta 10

X13044_at 1367679_at CD74 antigen

rc_Al169327_at 1367712_at Tissue inhibitor of metalloproteinase 1
D10729_s_at 1367786_at Proteosome subunit, beta type §

M32062_at 1367850_at Fc receptor, 1gG, low affinity HI

M34253_at 1368073_at Interferon regulatory factor 1

AF(45464_s_at 1368121 _at Aldo-keto reductase family 7, member A3
M76704_s_at 1368311_at 0-6-Methylguanine-DNA methyltransferase
U62940_at 1368552_at GrpE-like 1

U10894_s_at 1368558_s_at Allograft inflammatory factor 1
ABO10635_s_at 1368905_at Carboxylesterase 2

U73174_g_at 1369061 _at Glutathiope reductase

M31038_at 1369110_x_at RT1 class Ib, locus Aw2

L12138_at 1369499 _at Thymidylate synthase

D42148_at 1369735_at Growth arrest specific 6

U02322_s_at 1369783_a_at Neuregulin |

c_AA900505_at 1369958 _at RhoB gene

X60351cds_s_at 1370026_at Crystallin, alpha B

AJO11969mRNA _at 1370153_at Growth differentiation factor 15

D10757_at 1370186_at Proteosome subunit, beta type 9
EO0717UTR#1_s_at 1370269_at CYP1A1l

U66470_at 1370361 _at Cell growth regulator with EF hand domain 1
M81855_at 1370583_s_at ATP-binding cassette, sub-family B (MDR/TAP), member 1
JO5181_at 1370688_at Glutamate-cysteine ligase, catalytic subunit
AF(084186_s_at 1370838_s_at Alpha-spectrin 2

M15562_at 1370883_at RT1 class 1L, locus Da

Z12298cds_s_at 1370956_at Decorin

X56596_at 1371033_at RT1 class M, locus Bb

S$72506_s_at 1371089_at Glutathione S-transferase Yc2 subunit
M63991_at . 1371143_at Serine (or cysteine) peptidase inhibitor, clade A, member 7
X75207_s_at 1371150_at Cyclin D1

X51707cds_s_at 1371377 _at Ribosomal protein S19

rc_Al639488_at 1384427 _at Transformed mouse 3T3 cell double minute 2 (predicted)
AF083269_at 1386925_at Actin-related protein 2/3 complex, subunit 1B
M60921_at 1386994 _at B-cell translocation gene 2, anti-proliferative
L03201 _at 1387005_at Cathepsin S

rc_AA875455_at 1387021 _at Wild-type p53-induced gene 1

AF001898_at 1387022_at Aldehyde dehydrogenase family 1, member Al
U24174_at 1387391 _at Cyclin-dependent kinase inhibitor 1A

J02679 _s_at 1387599 a_at NAD(P)H dehydrogenase, quinone 1
M26125_at 1387669_a_at Epoxide hydrolase 1

U17035_s_at 1387969 _at Chemokine (C-X-C motif) ligand 10
X57523_at 1388149_at Transporter 1, ATP-binding cassette, sub-family B (MDR/TAP)
rc_AAB893246_at 1388325 _at ATPase, H+ transporting, V1 subunit D
rc_AA944397_at 1388850_at Heat shock protein 1, alpha

Vol. 31 No. 5
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Table 3. Continued.

U49729_at none -
X70871_at none -
S56936_s_at none -
D38062exon_s_at none -
M17412_at none -
X59375mRNA_at none -
rc_AA894027 at none -
rc_AA945082_at (1371089_at) -

Probe sets whose signals are reported as increased by treatment of carcinogens in RG U34A GeneChip analysis were selected from
the previous literature, and the corresponding probe sets of RAE 230A GeneChip were determined by referring to “good match
probe sets” information provided by Affymetrix. Seven probe sets of RG U34A GeneChip did not show any corresponding probe
sets in RAE 230A GeneChip, and were presented as “none” in the table. S72506_s_at and rc_AA945082_at are redundant probe
sets of RG U34A GeneChip for 1371089_at probe set in RAE 230A GeneChip.

Table 4. PPARo-regulated gene probe sets.
Affymetrix probe set 1D

RG U34A RAE 230A Gene name

J02752_at 1367680_at Acyl-Coenzyme A oxidase 1

AF072411_g at 1367689_a_at CD36 antigen

D43623_g_at 1367742 _at Camitine palmitoyltransferase 1b

K03249_at 1368283_at Enoyl-Coenzyme A, hydratase/3-hydroxyacyl Coenzyme A
dehydrogenase

M57718mRNA_s_at 1368934 _at CYP4A10

V01235_at 1369111 _at Fatty acid binding protein 1, liver

X65296¢cds_s_at 1370363 _at Carboxylesterase 3

AF044574_g_at 1370818_at 2-4-Dienoyl-Coenzyme A reductase 2

rc_AA893239_at 1371012 _at 2-Hydroxyphytanoyl-Coenzyme A lyase

L00320cds_f_at 1371076_at CYP2B2

U08976_at 1386885_at Enoyl coenzyme A hydratase 1

rc_AA946368_at 1386901 _at Similar to CD36 antigen

M21208mRNA_s_at 1387123_at CYP17A1

J02749_g _at 1387783_a_at Acetyl-Coenzyme A acyltransferase 1

Y09333_g at 1388210_at Acyl-CoA thioesterase 1

ABO010428_s_at 1398250_at Acyl-CoA thioesterase 1

ABQO05743_g_at none -

rc_AA924267 s _at none -

X07259cds_s_at none -

rc_AA925752_at none -

K01721mRNA_s_at none -

M14972 i_at none —

X72792cds_s_at none -

rc_AA799489 g at none -

AF(072411_at (1367689_a_at) -

146791_at (1370363_at) -

J00728cds_f_at (1371076_at) -

M11251cds_f_at (1371076_at) -

J02749_at (1387783_a_at) -

Y09333_at (1388210_at) -

Probe sets whose signals are reported to be increased by treatment of PPAR« activators in the RG U34A GeneChip analysis were
selected from the literature, and the corresponding probe sets of RAE 230A GeneChip were determined by referring to  “good
match probe sets” information provided by Affymetrix. Eight probe sets of RG U34A GeneChip did not show any corresponding
probe sets in RAE 230A GeneChip, and were presented as “none” in the table. Six probe sets of RG U34A GeneChip had redundant
probe sets for the same genes, and the corresponding probe sets are presented in brackets in the table.

Vol. 31 No. 5
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Table 5. Glutathione deficiency-related gene probe sets.

Affymetrix probe set ID

RG U34A RAE 230A Gene name

rc_AJ231807 _at 1367559 _at Ferritin light chain

M29358_g_at 1367573 _at Ribosomal protein S6

102752 _at 1367680 _at Acyl-Coenzyme A oxidase 1

X78848cds_f_at 1367774 _at Glutathione S-transferase AS

M64733mRNA_s_at 1367784 _a_at Clusterin

AF026554_at 1367815_at Solute carrier family 5, member 6

rc_AA892821_at 1367843_at Aldo-keto reductase family 7, member A2

Y17295¢cds_s_at 1367969_at Peroxiredoxin 6

U04733_s_at 1367988 _at CYP2C23

M57428_s_at 1368116_a_at Ribosomal protein S6 kinase, polypeptide 1

AF(045464 _s_at 1368121_at Aldo-keto reductase family 7, member A3

KO00136mRINA_at 1368180_s_at 1.OC494499 protein

AF025670_g_at 1368305_at Caspase 6

D86745cds_s_at 1368376_at Nuclear receptor subfamily 0, group B, member 2

U06274_s_at 1368397 _at UDP glycosyltransferase 2 family, polypeptide B4

AF(087943_s_at 1368490_at CD14 antigen

U73174_at 1369061 _at Glutathione reductase

AF068202_at 1369069_at A kinase (PRKA) anchor protein 1

D13122 £ at 1369588_a_at ATPase inhibitor

1.11007_at 1369950 _at Cyclin-dependent kinase 4

rc_Al233261_i_at 1370030_at Glutamate cysteine ligase, modifier subunit

rc_Al171506_at 1370067 _at Malic enzyme 1
Hydroxyacyl-Coenzyme A dehydrogenase/3-ketoacyl-Coenzyme

D16478_at 1370164 _at A thiolase/enoyl-Coenzyme A hydratase (trifunctional protein),
alpha subunit

U33500_g_at 1370566_at retinol dehydrogenase 2

JO5132_s_at 1370613_s_at UDP glycosyliransferase 1 family, polypeptide Al

JO5181_at 1370688 _at Glutamate-cysteine ligase, catalytic subunit

M13506_at 1370698 _at Liver UDP-glucuronosyltransferase, phenobarbital-inducible form

AJO01517cds_at 1370772_a_at Hemochromatosis

S72506_s_at 1371089_at Glutathione S-transferase Yc¢2 subunit

M20629_s_at | 1371100_at BEsterase 2

M11794cds#2_f_at 1371237_a_at Metallothionein

S70011_g_at 1372715 _at Sideroflexin 1 (predicted)

S55305_s_at 1386866_at Tyros}ne 3-monooxgenasﬂtryptophan 5-monooxgenase activation
protein, gamma polypeptide

LO7736_at 1386946_at Carnitine palmitoyltransferase 1, liver

X04229cds_s_at 1386985_at Glutathione S-transferase, mu 1

M33329_f at 1387006_at Rat senescence marker protein 2A gene, exons 1 and 2

E03424éds_s_at 1387221 _at GTP cyclohydrolase 1

M30282_at 1387323 _at Kallikrein B, plasma 1

M95762_at 1387372 _at Solute carrier family 6, member 13

J02679_s_at 1387599 _a_at NAD(P)H dehydrogenase, quinone 1

M26125_at 1387669_a_at Epoxide hydrolase 1

X55286_g _at 1387848 _at 3-Hydroxy-3-methylglutaryl-Coenzyme A reductase

rc_Al072634_at 1388155_at Keratin complex 1, acidic, gene 18

D17309_at 1398310_at Aldo-keto reductase family 1, member D1
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Table 5. Continued.

rc_Al012807_at 1398765_at
S56936_s_at none
S82820mRNA_s_at none
M33747 _at none
rc_Al638982_at none
M33746mRNA#2_f at none
D00362_s_at none
AF044574_at none
S80431_s_at none
rc_AlI236284 g at none
M29249cds_at none
D86745exon_s_at none
XS57133mRNA_at none
X74565cds_g_at none
U05784_s_at none
AF087944mRNA_s_at none
X77934cds_at none
rc_AA859519_g at none
X57999cds_at none
rc_Al231807_g_at (1367559_at)
K01932 f at (1367774_at)
S72505_1_at - (1367774 _at)
D00569_at (1367777 _at)
D86580_at (1368376_at)
S65555_g_at (1370030_at)

Adaptor-related protein complex 2, mu 1 subunit

Probe sets whose signals were reported as increased by treatment of glutathione depletors in RG U34A GeneChip analysis were
selected from the previous literature, and the corresponding probe sets of RAE 230A GeneChip were determined by referring to
“good match probe sets” information provided by Affymetrix. Eighteen probe sets of RG U34A GeneChip did not show any
cormresponding probe sets in RAE 230A GeneChip, and were presented as “none” in the table. Six probe sets of RG U34A
GeneChip had redundant probe sets for the same genes, and the corresponding probe sets are presented in brackets in the table.

was determined by logarithmic conversion of the fold
change, where the base was set to 2. The heat map was
created using Spotfire software (Spotfire, Inc.). The
CYP1A1 mRNA level was determined by referring to
signal data measured by 1370269 at gene probe set in
GeneChip analysis.

RESULTS

TGP1 score

The TGP1 scores for carcinogenesis-related
genes, PPARo-regulated genes and glutathione defi-
ciency-related genes were calculated. For carcinogene-
sis-related genes, OPZ, CPZ, HCB, SS and WY
showed a high TGP1 score among the compounds in
the database (Fig. 2 A). For PPARa-regulated genes,
WY, CFB, GFZ, BBr and ASA showed high TGP1

Vol. 31 No. 5

score (Fig. 2 B). For glutathione deficiency-related
genes, OPZ, BBz, APAP and CMA showed high TGP1
score (Fig. 2 C).

In order to see the dose-dependency of the score,
we selected several samples and showed them in Fig.
3A (carcinogenesis-related genes), 3B (PPAR0-regu-
lated genes), and 3C (glutathione deficiency-related
genes) . It is obvious that the score showed good dose-
dependency for all three of the marker gene sets. It is
also interesting that some drugs show a sudden and
large rise of the score suggesting a threshold of the tox-
icity at a certain dose level.

Comparison of TGP1 score between rat liver and
rat hepatocytes

" The TGP1 scores of rat liver and rat hepatocytes
were calculated. For carcinogenesis-related genes, the
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TGP1 scores in rat hepatocyte distributed from -10 to
4, while that of five chemicals, namely OPZ, CPZ,

Signal log ratio (i) — logz{ Avcrage Signal { (treated) / Average Signal i (control) }

ﬁ Signal log ratio (i) HCB and SS in rat livers showed quite high values
e 1 A= ) exceeding 5 (Fig. 4 A). For PPARa-regulated genes,
e Number of probe sels WY, CFB and BBr showed large TGP1 scores in both

rat liver and rat hepatocyte (Fig. 4 B), whereas GFZ
ﬁ [Signat log raso w}Z and ASA showed large TGP1 scores only in rat liver.
i~ For glutathione deficiency-related genes, OPZ, BBz,

fodex2= Namber of probe sets APAP and CMA showed large TGP scores only in rat
. liver (Fig. 4 C), whereas ANIT, INAH, ET and VPA
TGP score 1 = (Index 1) X (Index 2) showed small and negative TGP1 scores only in rat
hepatocyte.
Fig. 1. Calculation of TGP1 score.
The signal log ratio was calculated by dividing the Gene expression profile in rat liver and rat hepatocytes
mean signal value of the chemical-treated group by The expression profile of individual genes for
that of corresponding confrol. First, the sum of the carcinogenesis-related gene is shown in Fig. 5. It
signal log ratios for the used probe sets was calcu- s s - Co
appears that variations among triplicates (liver in vivo)

lated, and then divided by the number of probe sets
used (Iﬁdex 1). Next, the sum of squared signal log
ratios for the used probe sets was calculated, and then
divided by the number of probe sets used (Index 2).
Finally, the TGP1 score was calculated by multiply-

or duplicates (hepatocytes in vitro) are relatively small.
Although the expression of each marker gene varied
among the compounds, trends of gene expression as a
whole are represented by the TGPI scores. As it

ing Index 1 with Index 2. appeared that the contribution of induction of CYP1A1
- : CEB
30_1 (A) Carcinogenesis ' (B) PPARa-regulated
» r*z ] GEZ, A
- o &
§ 20 :‘f‘)
- B
10 ©
o &
0
Chemical Chemical
0.3 (C) Glutathione
deficiency
L
‘g 0.2 CIiA
Iy
2ol
0

Chemical

Fig.2. TGPI score.
TGP1 scores for (A) carcinogenesis-related genes, (B) PPARO-regulated genes and (C) glutathione deficiency-related genes
were calculated for using the TGP database. The data of high dose were used for each chemical. The 38 chemicals are aligned
on the abscissa in the order shown inTable 1 and the names are omitted for simplicity. As for the chemicals with high score,

their names are indicated by abbreviations in the figure.
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mRNA was the largest in the carcinogenesis-related dimensional score, which reflects the level of gene
genes, we focused on this gene (Fig. 6). Approximately expression changes in certain biomarker gene sets,
a 16- to 500-fold increase of CYPIAI mRNA was Such a score would be useful particularly when a large-
observed in OPZ, CPZ, HCB, 8S-treated rat livers, scale toxicogenomics database and multiple biomarker
whereas that in hepatocytes was only 2- to 8-fold. information are available simultaneously. In the
ANIT and DFNa showed small but consistent changes present study, we examined the usefulness of the score,
both in vivo and in vitro, and APAP and VPA showed named as TGP, based on the signal log ratio values of
no increase (or rather decrease) both in vivo and in the chemical-treated to the vehicle-treated rats.
vitro. As shown in Fig. 1, the TGP1 score comprised
Fig. 7 shows the individual expression of glu- two elements, Index 1 and Index 2. Index 1 was set to
tathione deficiency-related genes in vivo and in vitro. capture the general tendency of gene expression
Again, the variations among triplicates (liver in vivo) changes; the absolute value would be high when the
or duplicates (hepatocytes in vifro) appeared to be direction of the change is concomitant, whereas it
small, and the trends of gene expression-as 2 whole would be low when they are random. In the present
were well represented by the TGP1 scores. study, we selected three biomarker gene sets in which
their expression is supposed to be uniformly up-regu-
DISCUSSION lated by treatment. The next element, Index 2, was set
to capture the general size of gene expression changes,
The objective of this study was to establish a one- not considering their change in direction toward up- or
40 - -
{A) Carcinogenesis 60 {B) PPARc-regulated
= & 30
& e 20
10
ASA  BbBr CFB  Grz
Chemical Chemical
3 (C) Glutathionc deficiency D Low dose
[:] Middic dosc
2 2 .
§ High dose
a
2 1
E..¢
Y

APAP BBz CMA  OPZ
Chemical

Fig. 3. Dose-dependency of TGP1 score.
The chemicals showing high TGP1 score (indicated in Fignre 2) at high dose were selected and TGP1 seores for {A) carcino-~
genesis-related genes, (B) PPARo-regnlated genes and (C) glutathione deficiency-related genes were calculated for low and
middle doses in order to show dose-dependency. The abbreviations of the chemicals are shown inTable 1.
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down-regulation by the chemical treatments. Since
Index 2 includes the square of the signal log rafio, it
tends to be higher when a biomarker gene set includes
genes that show large changes in their mRNA levels.
To examine the usefulness of the TGPI1 score; three
biomarker gene sets were selected from the previous
literature whose expression levels are up-regulated by
carcinogens (Table 3), PPARQ, activators (Table 4) and
glutathione depletors (Table 5).

For carcinogenesis-related genes, the TGP1 score
was high in rats treated with OPZ, CPZ, HCB, SS and
WY (Fig. 2 A). OPZ is reported to have weak genotox-
icity (Martelli e al., 1998). CPZ and WY are reported
to be non-genotoxic carcinogens in rodent (Gocke,
1996; Peters et al., 1997). HCB and SS are reported to
have carcinogenic potential in rodents (Smith et al.,
19835; Iatropoulos ef al., 1997). Thus, the TGP1 score
appears to well express the carcinogenic risk of the
chemicals. For PPARo-regulated genes, the TGP1
score was high in rats treated with CFB, WY, GFZ,

) 1} I - 13 i .s ()Pza
§3i}~l (A) Carcinogenesis %
&= &Pz
£20
&
2
§ 10
& olANIT
& ODFN;
L

5 ) 4
TGP1 score for rat hepatocytes

! | ]
5 *[1l (C) Glutathione
= deficiency
Sz
=
&
2
g1
& llani
£ 0

- -4 0
TGP1 score for rat hepatocytes

BBrand ASA (Fig. 2 B). Of these, CFB, WY and GFZ
are known to be potent PPAR o activators (Gonzalez er
al., 1998). Besides these direct PPAR ¢ activators, it
was reported that BBr has peroxisome proliferator
activity (Bichet 7 al., 1990). In addition, several non-
steroidal anti-inflammatory drugs are reported to acti-
vate PPARQ, (Lehmann ef al., 1997), and therefore a
high TGP1 score observed in ASA-treated rat liver
would be reasonable. These results indicate that the
TGP1 score works to express the PPARo-modulating
property of the chemicals. For glutathione deficiency-
related genes, the TGP1 score was high in rats treated
with OPZ, BBz, APAP and CMA (Fig. 2 C). Of these,
BBz, APAP and CMA are reported to deplete the
hepatic glutathione content when overdosed (Lake ef
al., 1989; Szymanska, 1996; James ez al., 2003).
Although OPZ has not been reported to deplete hepatic
glutathione in rats, it could be highly possible at
extremely high dose, since OPZ attacks SH of gastric
proton pump at low pH and this effect is prevented by

| | derg  [WYg

| ®) PPARO-regulated
GFZ0 |

B
fooe]

RRy

b
&0

TGP! score for rat liver

<

0 80
TGP1 score foéi ?af hepatécytes

Fig. 4. Comparison of TGP1 scores between rat liver and rat hepatocytes.
Scatter plots of TGP1 scores for rat liver and rat hepatocytes are presented using (A) car-
cinogenesis-related genes, (B) PPARO-regulated genes and (C) glutathione deficiency-

related genes.
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glutathione (Morii ef al., 1989), and OPZ-glutathione
conjugates are found in rat serum as metabolites
(Weidolf et al., 1992). Nonetheless, the results
obtained from the three biomarker gene sets demon-
strated that the TGP1 score successfully captured the
characteristics of the compounds stored in our data-
base.

In the next siep, we compared the TGP1 scores
between rat liver and hepatocytes. Since the TGP1
score is a one~dimensional value, we can make the
comparison by plotting on X-Y coordinates. For car-
cinogenesis-related genes, TGP1 scores for some com-
pounds including OPZ and CPZ showed positive corre-
lation between rat liver and rat hepatocytes (Fig. 4 A).
However, absolute values of TGP1 scores for hepato-
cytes were much smaller than those for liver, indicating
that the genes included in the gene sets did not respond
In the same way to the compounds between in vivo and
in vitro. Similarly, the TGP1 score for glutathione defi-
ciency-related genes did not show any correlation

Rat liver

Rat hepatocyies

between liver and hepatocytes (Fig. 4 C), indicating
that these gene sets can only be applied to data analysis
of rat liver, and not to rat hepatocytes. ForPPARo-reg-
ulated genes, however, the scores for WY, CFB and
BBr showsd good positive correlation between rat liver
and rat hepatocytes (Fig. 4 B). In contrast to the case of
carcinogenesis-related genes, the absolute values of
TGP1 scores were similar for in vivo and in vitro. It
seems these gene seis could be used for assessing
PPARo-modulating effects of chemicals in rat liver by
using rat hepatocytes as an alternative experimental
system. One of the premises of toxicogenomics
research is to scale down toxicity studies from in vivo
to an in vifro system, thereby reducing the number of
experimental animals and the amount of test sub-
stances used (Boess ef al,, 2003). It is expected that the
TGP1 score enables us to suggest certain toxicological
endpoints in vive, which can be evaluated by in vitro
systems using a large-scale toxicogenomics database
and specific biomarker gene sets, such as PPAR oi-reg-

Signal log ratio

E
%A,

Cell %)owih rcguiamr with EF hand domain

2 ATP-binding cagselte, sub-family B (MDR/I'AP) member {

Glutamate-cysteine ligase, catalytic subunit
Alpha-spectiin 2

: IDl’ei‘} class 11, Jocus Da

) RTI cla.% i, iucus Bb

o Y2 subuns
Scn;lc orcystcme] peptidase mhxbxior clade A

Rxbosomal protein 819
Transformed mouse 3T3 cell double minute 2 {predicted)
Actip reltated protein 2/3 complex, subunir 18
B-cell translocation gene 2, asm-pmhfpmnve
Cathepsin §
Wild- Iygm pad-induced gene 1
Alds dehy famﬁy i, bet Al
T Jin-di d inase i ftor 1A
TINAD(P dcixydmgmase, quinone 1
Epoxide hydrofase 1
__§ Chemekine (CwX«C mouf} ligand 10
Transporter {, AT écasscue, sub-family B (MDR/TAP)
ATPase, H¥ lrsmspcmug, 1 subunt!
Heat shock protein 1, alpha

TGP score for rat liver

Fig. 5. Gene expression profile of carcinogenesis-related genes.

3 0 { :e 9 Lé)[xg‘\? !OJ

‘?5’4'-_9’3-7

TGP! score for rat hepatocytes

The fold change value for each of the carcinogenesis-related genes was calenlated by dividing the signal value of chemical-
treated rats or rat hepatocytes by the mean signal value of comresponding vehicle-treated rats (n=3) or rat hepatocytes (n=2),
respectively, and the fold change values were converied to logarithm values where the base was set io 2. The heat map repre-
senting individual expression levels of carcinogenesis-related genes was created using the logarithm values of fold changes.
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ulated genes.

The TGP1 score is useful for quickly surveying
the gene expression changes in biomarker gene sets for
multiple samples. However, the significance of
changes in gene expression should be investigated in
detail for the next step of data analysis. In the present
study, the compounds whose TGP1 scores were rela-
tively high or low in either rat liver or rat hepatocytes
were selected, and expression profiles of carcinogene-
sis-related genes and glutathione deficiency-related
genes are presented in Fig. 5 and Fig. 7, respectively.
For carcinogenesis-related gene sets, CYP1AL1
appeared to be the most remarkable gene that strongly
affects the TGP1 score. The importance of the
CYP1A1 gene in TGP1 score calculation for carcino-
genesis-related gene sets is evident in Fig. 6 as well.
CYP1A1 is under control of arylhydrocarbon receptor,
a transcription factor that has been reported to play a
key role in liver tumor promotion (Bock and Kohle,
2005). Therefore, the biological significance suggested
by a high TGP1 score using carcinogenesis-related
genes was thought to be appropriate for evaluating the
carcinogenic risk of chemicals. On the other hand,
genes that strongly affect the TGP1 score for glu-
tathione deficiency-related genes were found to be
aldo-keto reductase family 7, glutathione S-transferase
Yec2 subunit, metallothionein or NAD(P)H dehydroge-
nase (Fig. 7). It is crucial to determine and investigate
such key genes that strongly affect the TGP1 score to
elucidate the molecular mechanism of toxicity.

One of the most promising goals of toxicogenom-

ics application in drug development is an improved
quality of safety assessment in human cases from
experimental animal data, and the TGP database is con-
structed to achieve this goal by collecting both rat and
human microarray data. When inter-species data analy-
sis is challenged, however, a probe set conversion pro-
cess from rat to human-like ortholog conversion is
required. However, such converted-probe sets usually
contain low-quality data for measuring gene expression
signal in human samples. In such cases, straightforward
data analysis would lead to the wrong conclusion.
Therefore, the TGP1 score is thought to be inadequate
to compare samples across the species. Additional
scores that overcome this drawback should be needed
for efficient data analysis of large-scale microarray
database such as our TGP database.

In conclusion, we tested a simple one-dimen-
sional score, named as TGP1, that reflects the level of
gene expression changes in certain biomarker gene
sets. The usefulness of this score was demonstrated
using the TGP database. The score is useful for survey-
ing the expression changes in multiple biomarker gene
sets using the large-scale toxicogenomics database,
which can reduce the labor- and time-consuming task
of conventional multivariate statistical analysis. This
scoring system is now incorporated in our analysis sys-
tem where TGP1 scores are automatically calculated
and displayed. Additional sophisticated one-dimen-
sional scores should be invented to facilitate gene
expression analysis for a large-scale toxicogenomics
database with multiple biomarker gene sets.

[
10 . :
— i Rat liver l ! l Rat hepatocytes !
o 8 :
E 6 :
S < = K '
224 5 B S | <
] 1 ! 7
SE2 B ! S a o
Bl K APAP ] 3717
Bz, W A iN§AAE =
ER PZ CPZ sS VPA ANIT DFNa | & o
gﬁ; 2t opzZ C HCB a : Y,%\QQé
O 4l !
Fig. 6. Change in CYP1Al mRNA level.

The fold change value for the CYP1A1 gene determined by 1370269 _at probe set in GeneChip analysis was cal-
culated by dividing the signal value of chemical-treated rats or rat hepatocytes by the mean signal value of corre-
sponding vehicle-treated rats (n=3) or rat hepatocytes (n=2), respectively, and the fold change values were
converted to logarithm values where the base was set to 2.
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Fig. 7. Gene expression profile of glutathione deficiency-related genes.
The fold change value for each of the glatathione deficiency-related genes was caleulated by dividing the signal value of chem-
ical-treated rats or rat hepatocytes by the mean signal value of corresponding vehicle-treated rats (n=3) or rat hepatocytes
{(#=2), respectively, and the fold change values were converted to logarithm values where the base was set to 2. The heat map
representing individual expression levels of glutathione deficiency-related genes was created using the logarithm values of fold

changes.
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ABSTRACT — The aim of this study was to compare gene expression profiles in the different kidney
regions as the basis for toxicogenomics. Rat kidney was separated into papilla, medulla and cortex, and
total RNA was isolated from these and from the whole slice. Gene expression profiling was performed
using Affymetrix Rat Genome 230 2.0 Array. When global normalization was applied, the expression of
B-actin or GAPDH varied among the regions. It was considered that such a comparison could not be made,
especially between papilla and other portions, since the production of total mRNA. in the former was rel-
atively low. In fact, ANOVA was performed on the gene expression values with global normalization in
papilla, medulla, cortex, and whole slice, and the numbers of genes appeared to be the highest in papilla.

It was also observed that many genes showed their maximum or minimum in the whole slice, which was

theoretically impossible. To overcome the problems associated with global normalization, the “percelome”
normalization (a way to obtain the values directly related to the copies of mRNA per cell) was employed
to compare the regions. In applying this procedure, probe sets with regional difference in expression were
efficiently extracted by ANOVA. When they were sorted by the fold difference to other regions, the higher
rank was occupied by genes characteristic of the functions of kidney, i.e., channels, transporters and met-

abolic enzymes. Some of them were consistent with the literature and were related to pathophysiological
phenomena. Comprehensive comparison of data of gene expression in the renal anatomical area will
greatly enhance studies of the physiological function and mechanism of toxicity in kidney.

KEY WORDS: Toxicogenomics, Kidney, Gene expression, Regional difference, Rat

INTRODUCTION

449

The Toxicogenomics Project is a 5-year collabo-
rative project by the National Institute of Health Sci-
ences (NIHS) and 17 pharmaceutical companies in
Japan which was started in 2002 (Urushidani and
Nagao, 2005). In April 2005, some rearrangements
were made and now the project is conducted by NIHS,
the National Institute of Biomedical Innovation, and 15
pharmaceutical companies. Its aim is to construct a
large-scale toxicology database of transcriptome for

prediction of toxicity of new chemical entities in the
early stage of drug development. About 150 chemicals,
mainly medicinal compounds, have been selected, and
the following are examined for each. The in vivo test
using rat consists of a single administration test (3, 6, 9
and 24 hr with 4 dose levels including vehicle control)
as well as a repeated administration test (3, 7, 14 and 28
days with 4 dose levels including vehicle control), and
then data of body weight, general symptoms, histo-
pathological examination of liver and kidney, and blood
biochemistry are obtained from each animal. Gene
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expression in liver {(and kidney in some cases) is com-
prehensively analyzed by using Affymetrix GeneChip.
An in vitro test using rat and human hepatocytes is also
carried out to accomplish the bridging between the
species. Although the main target of the project is liver,
about 10 of the chemicals are typical nephrotoxicants
and many others exhibited nephrotoxicity in addition
to hepatotoxicity. In our project, we plan to perform
gene expression analysis of kidney for up to 30 such
chemicals,

Although the toxicogenomics technique is estab-
lished as a powerful tool for prediction of nephrotoxic-
ity of drugs (Thukra ef al., 2003), it is well known that
kidney consists of a variety of cell types and that the
physiological functions, including gene expression,
differ between the anatomical portions, i.s., papilla,
medulla, and cortex. Therefore, we expected that dif-
ferent gene expression profiles would be obtained
either when kidney is analyzed as a whole or separated
into each portion. For an exploratory test, we checked
potential region-related differences in gene expression
before starting analysis of drug effects on the kidney.

In employing global normalization, based on the
assumption that the total amount of mRINA is constant,
it can cause a bias in the comparison of the different
portions, since the rate of transeription varies with the
cell types. In our project, gene expression values can be
converted to a value proportional to the copies of
mRNA per cell (the values normalized by externally
adding standard mRNA in an amount proportional to
the DNA content in the homogenate) by employing a
system, “perceliome” (Kanno et al., 2006). In the
present study, quantification by this system was com-

pared fo that of global normalization.
MATERIALS AND METHODS

Animals and Sampling

Male Sprague-Dawley rats were purchased from
Charles River Japan Inc., (Kanagawa, Japan) at 5-
weeks of age. After a 7-day quarantine and acclimati-
zation period, 6 of the animals were euthanized by
exsanguination from the abdominal veins and arteries
under ether anesthesia. Kidneys were collected from
each animal, and sliced horizontally at its middie por-
tion with ca. 1 mm thickness by a pair of razor blades
with a spacer in between. The slice was put into RWNA
fater (Ambion, Austin, TX, USA) overnight for
expression profiling. The fixed stices from three (No.
1 to 3) out of 6 animals were then separated into
papilla, medulla, and cortex, as shown in Fig. 1. The
remaining three (No. 4 to 6) were analyzed as a whole
slice. The experimental protocols were reviewed and
approved by the Ethics Review Committee for Animal
Experimentation of the National Institute of Health
Sciences.

Expression profiling

The kidney samples (whole slice, papilla,
medulla and cortex) were homogenized using Mill
Mixer {Qiagen) and zivconium beads. Total RNA was
isolated from the kidney homogenate using RNeasy
kit. Purity of the RWNA was checked by gel electro-
phoresis, and the 260/280 nm ratio was between 2.0-
2.2. Microarray analysis was conducted on 3 samples
for zach group by using GeneChip Rat Genome 230

Andmal No. 1 = Whole glice Mo, 1

Animal Mo
Apimal No

= Whole slice Ho. 2
= Whole slice No. 3

Animal No
Animal No

= Papilla No. 5, Madulla No. 5, Cortex No. 5

L2
.3
Animal No. 4 = Papilla No. 4, Medulla No. 4, Corfex No. 4
. 5
.6 = Papilla No. 6, Medslla Ho. 6, Corlex No. &

Fig. 1. Sampling and preparation of kidney for GeneChip analysis.
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Gene expression in rat kidney.

2.0 Arrays (Affymetrix, Santa Clara, CA, USA) con-
taining 31,099 probe sets. The procedure was basically
conducted according to the manufacturer’s instructions
using Superscript Choice System (Invitrogen, Carls-
bad, CA, USA) and T7-(dT)24-oligonucleotide primer
(Affymetrix) for cDNA synthesis, cDNA Cleanup
Module (Affymetrix) for purification, and IVT Label-
ing Kit (Affymetrix) for synthesis of biotin-labeled
cRNA. Twenty pg of the fragmented cRNA was
hybridized to a Rat Genome 230 2.0 Array for 18 hr at
45°C at 60 rpm after which the array was washed and
stained by streptavidin- phycoerythrin using Fluidics
Station 450 (Affymetrix) and then scanned by Gene
Array Scanner (Affymetrix).

Percellome normalization

We primarily use global mean normalization for
data analysis in our project. However, to compare a
sample from a different kidney region, in which the
activity of transcription might be different, global nor-.
malization based on the total mRNA appeared not to
provide the correct result. In the present study, we
employed “percellome normalization” to normalize
data as well.

The Percellome method reported by Kanno et al.
(2006) was shown to be effective to compare the data
from different tissues or different platform. In this
method, the grade-dosed spike cocktail (GSC), which
consists of five different Bacillus subtilis mRNA with
different concentrations, was added to the tissue homo-
genate in proportion to its DNA contents before RNA
extraction, assuming that all the cells contain a fixed
amount of genomic DNA (g/cell) across the samples.
The copy number of the RNA in one cell was calcu-
lated from the function of signal values of GSC and
their copy number. Therefore, the effect of the differ-
ence in the total gene expression between samples can
be avoided and a direct comparison of the expression
data of samples from different sources is enabled.

The GSC used in this study was generously pro-
vided by Dr. Kanno, and the experimental procedure
and calculations of the percellome method was con-
ducted according to the original procedure. By sepa-
rate experiments, we confirmed that GSC did not affect
signals of other RNA and that the effect on global
mean value was negligible.

Statistical Analysis

The data was analyzed by using GeneSpring ver-
sion 6.1 (Silicon Genetics, Santa Clara, CA, USA),
2003 (Microsoft, Redmond, WA, USA) and MeV ver-
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sion 3.1 (The Institute for Genomic Research, Rock-
ville, MD, USA). Expression data were customarily
normalized using the mean value, multiplied by 500
(global mean normalization). Filtering of the data was
performed either by flags (present, absent and marginal
call) or ANOVA (Snedecor and Cochran, 1989).

RESULTS

First, analyses were conducted by our routine
procedure, global normalization, in which each signal
intensity was divided by the mean of each chip and
multiplied by an arbitrary number to adjust the mean of
each to the same value. In order to check the efficacy of
the normalization procedure, the values of f-actin and
GAPDH in each sample were divided by the mean
value of the total 12 samples (Table 1). Expressed by
this number, the values of §-actin varied between 0.91
- 0.99 in papilla, 0.98 - 1.12 in medulla, 0.97 - 1.14in
cortex, and 0.94 - 1.04 in the whole slice, resulting in
an overall range of 0.91 - 1.14 (25% variation). The
expression of GAPDH varied 0.76 - 0.85 in papilla,
1.01 - 1.05 in medulla, 1.11 - 1.19 in cortex, and 1.02 -
1.04 in the whole slice, resulting in an overall range of
0.76 - 1.19 (50% variation). Although they are rela-
tively close to 1 (the mean value was 0.94, 1.02, and
1.03 for f-actin and 0.81, 1.03 and 1.16 for GAPDH in
papilla, medulla, and cortex, respectively), the differ-
ences seemed to be too large to be ignored.

Using the data analyzed with global normaliza-
tion, Pearson’s correlation was calculated for each pair
of the samples and is shown in Table 2A. The correla-
tion coefficients were quite high among 3 samples
from the same region, i.e., all were larger than 0.985.
The correlation between papilla and others were lower
than that between medulla and cortex, i.e., 0.821 -
0.860 between papilla and medulla, 0.741 - 0.789
between papilla and cortex, whereas it was 0.936 -
0.955 between medulla and cortex. The correlation
coefficients between each of the three regions and the
whole slice were in this order: cortex (0.981 - 0.987) >
medulla (0.954 - 0971) > papilla (0.770 - 0.814), sug-
gesting that gene expression in the whole slice prefer-
entially represents that in cortex but it does not well
represent that in papilla.

To try to identify genes with differential expres-
sion in the three regions, we first used a parameter of
GeneChip data, detection call (present, marginal, and
absent). Probe sets with present call in all samples in a
region but all absent in other regions were selected as
region-specific genes (Fig. 2). Genes with present call
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