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Abstract An approach based on development of a large
archive of single-nucleotide polymorphisms (SNPs)
throughout the human genome is expected to facilitate
large-scale studies to identify genes associated with drug
efficacy and side effects, or susceptibility to common
diseases. We have already described collections of SNPs
present among various genes encoding drug-metabolizing
enzymes. Here we report SNPs for such enzymes at
additional loci, including 8 alcohol dehydrogenases, 12
glutathione S-transferases, and 18 belonging to the NADH-
ubiquinone oxidoreductase family. Among DNA samples
from 48 Japanese volunteers, we identified a total of 434
SNPs at these 38 loci: 27 within coding elements, 52 in 5’
flanking regions, five in 5’ untranslated regions, 293 in
introns, 20 in 3’ untranslated regions, and 37 in 3’ flanking
regions. The ratio of transitions to transversions was ap-
proximately 2.1 to 1. Among the 27 coding SNPs, 13 were
nonsynonymous changes that resulted in amino acid
substitutions. Our collection of SNPs derived from this
study should prove useful for investigations designed to
detect associations between genetic variations and common
diseases or responsiveness to drug therapy.
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Introduction

Human genetic variations result from a dynamic process
over time that includes sudden mutations, random genetic
drift, and, in some cases, founder effects. Variations at a
single gene locus are useful as markers of individual risk for
adverse drug reactions or susceptibility to complex diseases
(for reviews, see Risch and Merikangas 1996; Kruglyak
1997, McCarthy and Hilfiker 2000). Common types of
sequence variation in the human genome include single-
nucleotide polymorphisms (SNPs), insertion/deletion
polymorphisms, and variations in the number of repeats of
certain motifs (e.g., microsatellites and variable number of
tandem repeat loci). Among those variations, SNPs are the
most abundant, stable, and widely distributed across the
genome; moreover, they lend themselves to automated
analysis on a very large scale with high-throughput typing
technologies (for reviews, see Wang et al. 1998; Halushka et
al. 1999).

Projects to establish large collections of SNPs at can-
didate loci and to develop detailed SNP maps across the
human genome have been under way for some time in
various laboratories (Sherry et al. 2000, 2001). Construction
of an SNP database for the Japanese population began in
2000, and already around 34,000 SNPs have been archived
(http://snps.ims.u-tokyo.ac.jp). Simultaneously, we have
been focusing on identifying SNPs within genes encoding
drug-metabolizing enzymes, drug receptors, and
transporters. Local, highly dense SNP maps have been
completed for four gene families related to drug
metabolism, including 17 members of the S-transferase
family, three quinone oxidoreductases, two epoxide
hydrolases, and five N-acetyltransferases (Iida et al. 2001;
Saito et al. 2001; Sekine et al. 2001). Such genes are likely to
have significant roles in responsiveness to drugs and/or in
susceptibility to common diseases such as arteriosclerosis,
diabetes mellitus, and cancer.

In this study we report a total of 434 SNPs that we
identified in a Japanese population sample by direct
sequencing of 38 gene loci encoding alcohol
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dehydrogenases, glutathione S-transferases, and nicotina-
mide adenine dinucleotide, reduced (NADH) uniquinone
oxidoreductases.

Subjects and methods

DNA samples and genes encoding drug-metabolizing
enzymes

Blood samples were obtained, with informed consent, from
48 healthy Japanese individuals for this study, which was
approved by the SNP Research Center, RIKEN. Genomic
DNA was extracted from each sample according to
standard protocols. On the basis of DNA sequences
released from the GenBank database, we predicted
structures and designed primers to amplify each gene in its
entirety as well as up to 2kb upstream from the first exon
(putative promoter region) and downstream from the last
exon. Accession numbers are shown at the top of each
gene map in Fig. 1. Regions corresponding to repetitive
sequences were predicted by the RepeatMasker program
with the option “Do not mask simple repeats and low-
complexity DNA” selected (http://ftp.genome.washington.
edu/cgibin/RepeatMasker).

Polymerase chain reaction (PCR), direct sequencing, and
detection of SNPs

PCR experiments and DNA sequencing were performed
according to methods described previously (Ohnishi et al.
2000). Each PCR experiment was carried out using 20ng of
DNA pooled from three individuals. All SNPs detected by
the PolyPhred computer program (Nickerson et al. 1997)
were confirmed by sequencing both strands of each PCR
product.

Results and discussion

We present here a series of highly dense SNP maps that
include a total of 434 SNPs among 38 genes belonging to
three families of enzymes associated with drug metabolism.
The genomic structures and locations of identified SNPs are
illustrated schematically in Fig. 1. Eight of the genes studied
here belong to the alcohol dehydrogenase family, 12 to the
glutathione S-transferase family, and 18 to the NADH
ubiquinone oxidoreductase family. Of the SNPs identified,
334 (77%) were not previously included in the National
Center for Biotechnology Information (U.S.) dbSNP data-
base.

Alcohol dehydrogenase family

The family of alcohol dehydrogenases (EC1.1.1.1) in verte-
brates consists of several enzymes that are able to catalyze
reversible oxidation of a wide variety of endogenous and

xenobiotic primary and secondary alcohols, to produce the
corresponding aldehydes and ketones. Several distinct
classes of vertebrate alcohol dehydrogenase, encoded by
nonorthologous genes, have been defined on the basis of
sequence homologies and/or unique catalytic properties or
gene expression patterns (for reviews, see Duester et al.
1999; Ashmarin et al. 2000). We analyzed here six of the
seven known ADH gene loci and two genes that had shown
sequence similarities to ADH by direct sequencing (Fig. 1,
al-a8). A total of 66 SNPs were identified from these eight
loci: eight were located in coding elements, eight in 5’
flanking regions, one in a 5’ untranslated region, 37 in in-
trons, eight in 3’ untranslated regions, and four in 3’
flanking regions. Among these 66 SNPs, 43 (65%) were
novel and seven were located within regions corresponding
to repetitive sequences predicted by the RepeatMasker
program. Among the eight SNPs identified within coding
elements, three were nonsynonymous and one, an
Ala97Thr substitution (G289A) within the HEP27 gene,
had not been reported before, while the remaining two (an
Arg48His within ADH2 gene and an Arg272GIn with
ADH3 gene) were identical to SNPs deposited in the
dbSNP database (ID: rs1789884 and ID: rs1789912, respec-
tively). With regard to the distribution of SNPs in each
gene, we found 27 within the 27-kb genomic region contain-
ing the ADH7 gene but detected only three in the 20-kb
ADHS5 genomic region.

Glutathione S-transferase family

Glutathione S-transferases (EC2.5.1.18) are a unique group
of multifunctional isozymes that play important roles in the
conjugation and detoxification of various xenobiotics such
as aflatoxins and polycyclic aromatic hydrocarbons. On the
basis of similarities in amino acid sequences and cross-
reactivity of antibodies, mammalian cryptozoic glutathione
S-transferases are divided into six classes: alpha, mu,
kappa, theta, pi, and sigma. In addition, there is a class
of microsomal glutathione S-transferases (for reviews, see
Hayes and Pulford 1995; Strange et al. 2000). We analyzed
a total of 12 glutathione S-transferase genes by direct
sequencing (Fig. 1, gl-g12), and identified 127 SNPs: eight
in coding elements, 22 in 5’ flanking regions, none in 5’
untranslated regions, 86 in introns, seven in 3’ untranslated
regions, and four in 3’ flanking regions. Among these 127
SNPs, 104 (82%) were considered to be novel because they
did not overlap with SNPs in the dbSNP database, and 15
were located within regions corresponding to repetitive
sequences predicted by the RepeatMasker program.
Of the eight SNPs identified within coding regions, six
were nonsynonymous and two, a Thrl63Ala substitution
(A487G) in the GSTA4 gene and a Val224lIle substitution
(G670A) in the GSTM3 gene, were novel. Regarding
distribution, SNPs were most frequent at the GSTMI
gene locus (21 SNPs were present in the 12-kb region
sequenced; i.e., one in every 480bp), while only three SNPs
were detected at the 36.5-kb MGST2 locus (one in every
3000bp).



al Alcohol dehydrogenase 1 (ADHI): AP002027.1
0 kb L © O< © < 18 kb
A A A A A
(8} < (010} = 10
1
ATG TGA
— || {H]
1 2 3 45 6 78 9
1 (5' flanking region -55) atcatgtgtggaactggaat C/T gggtgttattcaagcaaaaa
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aaatttaagaagaacttgttt > aaatttaagaactigttt

cccactctcaggggaaggat > tcccactctcgggaaggat
2 bp deletion polymorphism

1 (intron 2 340)
(coding region 143)dbSNP ID:rs1789884

ctattttttaaagcgtgcat T/C cttacataagacttaaatat

ggtggctgtaggaatctgte G/A (Arg 48 His)
cacagatgaccacgtggtta

3 (intron 3 91)
(intron 3 205)
5 (coding region 753)dbSNP ID:rs1789882

LN

aaggcaatgagagacgaaag T/G gcttgcacaaggtcaccgcg
atgtattgtacccttcaacc A/G ttatgtaccgagtatctact
caagactacaagaaacccat C/T (Ile 251 Ile)

caggaagtgctaaaggaaat

6 (intron 7 108)

acaattgacaaggcaagatt T/C tgaaaacaaatcaaaaataa

7 (3' untranslated region 1180)dbSNP ID:rs17033

ttcagcctectctaccctac A/G agatctggagcaacagctag
8 (3' untranslated region 1659)3dbSNP ID:rs1042026

tttacaagtagtgaaggtcc A/G agagttctaaatacaggaaa

Fig. 1. Genomic organizations and locations of single-nucleotide
polymorphisms (SNPs) in 8 alcohol dehydrogenase genes (al-a8), 12
glutathione S-transferase genes (gl-g12), and 18 NADH ubiquinone
oxidoreductase genes (nl-nl8). Exons are represented by open
rectangles and introns by horizontal lines. SNPs are indicated
above each gene, and microsatellite sequences, and insertion—deletion
polymorphisms are listed below. For cDNA and coding sequences in
genomic DNA, the adenine of the initiator Met codon is denoted
nucleotide +1. The first nucleotide of the 5’ untranslated region is

numbered —1. Likewise, intronic DNA positive numbers start from the
guanine of the donor-site invariant GT, and negative numbers start
from the guanine of the acceptor-site invariant AG. Italic type indicates
SNPs located within repetitive sequences predicted by the
RepeatMasker program. The complete genomic structure of the
NDUFA?2 gene, determined for the first time in this study, has been
submitted to the DNA Data bank of Japan under accession number
AB054976.1
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2 (intron 2 355) tatgcattcttctatattat A/G caagacaaaaattttaggat
3 (intron 3 32) acactcagggaacatgcctt G/A gttcaccatcacaagattag
4 (coding region 312)dbSNP ID:rs1789915 tgtggaaaatgcagaatttg C/T (Cys 104 Cys) aaaaacccagaaagcaacta
5 (intron 4 6) ctgcttgaaaaatgagtaag C/T ttctgatgctttctttgcac
6 (coding region 453) agcaccttctcccagtacac A/G (Thr 151 Thr) gtggtggatgagaatgcagt
7 (intron 5 1404)dbSNP ID:rs1631460 gagatactgaagctggctat G/C aagggatttcagcaattgag
8 (coding region 815)
9 (intron 6 10)dbSNP ID:rs1789912 ttecgtttgaagtcateggte A/G (Arg 272 Gln) gcttgacaccatggtatgatce A/G

tgacatgccctgaaatttct

a4 Alcohol dehydrogenase 5 (ADHS5): AC019131.4
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1 (5' flanking region -115)
2 (5' flanking region -114) taactgctgtaaagttacac G/A G/A ggaagccctttcccgacaaa
3 (intron 1 244)dbSNP ID:rsll54402 agtcggaacggggtgggggg G/C tgggagagccggagagtggg

Fig. 1. Continued
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4 (intron 7 1292) gttgagaaacactgcctagt C/A ccgtctgtggtcctagaatt
5 (intron 7 1616) ctatcacagaataatccgca T/C agaacactaagcagattacg
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1 (5' flanking region -1081)AdbSNP ID:rs1699172 tgtatacttatttttgaaaa G/T aaacttttgtttgtatctga

2 (5' flanking region -528) tgtgcagacacagaaagttt T/C acttaactttctacacctaa

3 (intron 1 36)dbSNP ID:rs1789867 ctgtccecctectcatcatga T/C ctaatgatgtgaggctgata

4 (intron 1 194)dbSNP ID:rs1662029 gtcagtggaagcaggggtaa A/G ttggaaatagtatatccaat

5 (intorn 1 361) tcagtagcatgtgctgcact C/T gctgcagtagttcaatggga

6 (intron 3 183) aacctcaacctttagaaggc A/G aaccttacggtgtttataaa

7 (intron 4 76) tgaattgaattaattaatac G/A tgtatttgatgtatcaaaca

8 (coding region 654)dbSNP ID:rs971074 aagtcagctggtgcatctag G/A (Arg 218 Arg) atcattgggattgacctcaa

9 (intron 6 47)dbSNP ID:rs1789864 aaaatacccaagttattaga T/C atgcacaaggtaaatttaat

10 (intron 6 587)dbSNP ID:rs1617779

11 (intron 6 615) agattcctggaactagaaag T/C tccaacctggcatagcgtaaagagact T/A
ggaaaaatggaataaagcca

12 (intron 6 1168)dbSNP ID:rs1699175 aatttcccttgtattttagt C/G catggtacactaaaaatgcc

13 (intron 8 532) aagtctaaccatatcaccaa T/C ttagtatgccattgtactat

14 (intron 8 651) gctgctatttatttcaagta G/A gccacaaaatttccttattt

15 (intron 8 727)

16 (intron 8 760)dbSNP ID:rs284784 ttcagatccctgtaagccag G/A tattatttttaccatttttagatgaagaccaa T/G
gttgtgaaagcaaataaata

17 (intron 8 1048)dbSNP ID:rs284785 agatgaaatgactttcactce G/A ttgggcctataaataattat

18 (intron 8 1207) tctecacatttggtctagee T/C acaggatcatcatattatga

19 (intron 8 1691) tccctcatctcattgeccac G/A ctcattgctttaattcagte

20 (3' untranslated region 1364) atttacattttgtaaggcta T/C aattgtatcttttaagaaaa

21 (3' untranslated region 1453)dbSNP ID:rs284786 ccagctgctgcagatatata T/A ctcaaaacagatatagcgta

22 (3' untranslated region 1498) gatatagtaaatgcatctcc T/C agagtaatattcacttaaca

23 (3' untranslated region 1584) aaacacttgttatgagttaa C/G ttggattacattttgaaatc

24 (3' untranslated region 1818) aatataaacatagagctaga A/G tcatattatcatacttatca

25 (3' untranslated region 1874)dbSNP ID:rs284787 tacagtagaattgcaagtcc T/C taagtccctattcactgtge

26 (3' flanking region 220)dbSNP ID:rs729147 agaaattgaggcttccaatg T/C tagggcataatatagattgg

27 (3' flanking region 865) tacatcaaaagaaataaatc C/T aagaaggaataaacacattt

Fig. 1. Continued
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Fig. 1.

Hydroxyacyl-Coenzyme A dehydrogenase (HADH?2): AL161779.20
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1 (5' flanking region -39)dbSNP ID:rs1264014
2 (3' flanking region 587)dbSNP ID:rs1264013

cgcatccegececttcegecg G/C ttcgectecggecaatcaacg
actgcctgggctgagcetcat G/A gtctggettttccattcagt

Short-chain alcohol dehydrogenase family gene (HEP27): AL135999.3
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1 (5' flanking region -191) tcagcactctgtgtctaget A/T aaggtttgtaaatgcaccaa
2 (5' untranslated region -163) gaacccatcaattccgtaca C/A attttggtgactttgaagag
3 (intron 1 1941) aaatttaccctaaccagcct G/C actctctgecactttctgtt
4 (coding region 289) ttgtgtgccacgtggggaag G/A (Ala 97 Thr) ctgaggaccgggagcagctg
5 (intron 4 1070) tgtctcagttcacaggatca T/C gactctttttctcgaaactg
6 (3' flanking region 362) ggctttgtgtgtgetccatt A/G tctgaactgggectgetggg

Continued
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Glutathione S-transferase M1 (GSTM1): AC000032.7
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1 (5' flanking region -694) tacgaagtggctaatttaca C/T agtacttagccagatgaccg
2 (5' flanking region -661) gatgaccgaaggactcagta C/T ccgagggcccctaacagaaa
3 (5' flanking region -658) gaccgaaggactcagtaccc G/A agggcccctaacagaaaaca
4 (5' flanking region -656) ccgaaggactcagtacccga G/A ggcccctaacagaaaacaca
5 (5' flanking region -537) tagaggggagactaagccct G/C ggagtagctttcggatcaga
6 (5' flanking region -525) taagccctgggagtagettt C/G ggatcagaggaagtcectget
7 (5' flanking region -465) aattaaattcccaggttggg G/A ccaccactttttagtctgac
8 (5' flanking region -383) gcggagagaaggctgaggga C/T accgcgggcagggaggagaa
9 (5' flanking region -382) c gaggg A/T g g
10 (5' flanking region -378) gaga. accg C/T gggcagg a gag
11 (5' flanking region -343) agggagaagagctttgctcc G/A ttaggatctggctggtgtct
12 (intron 2 118) tgctggagctgcaggetgtc T/C cttccctgageccccggtgag
13 (intron 3 233) agtgagtgcceggtetceete T/C ctgctcttgettatgggaag
14 (intron 4 26) tgtgggtggctgcaatgtgt G/A gggggaaggtggcctcctce
15 (intron 5 140) actatcagcagttattctca C/T gactccaatgtcatgtcaac
16 (intron 5 577) ctgccaccccattagaagga A/G ctttctactttccctgaget
17 (intron 5 645) gctggtctggatccagagge T/A gccaggtgcttgggegetce
18 (coding region 519) caccgtatatttgagcccaa G/C (Asn 173 Lys) tgcttggacgccttcccaaa
19 (coding region 528) tttgagcccaagtgcttgga C/T (Asp 176 Asp) gccttcccaaatctgaagga
20 (intron 7 2421) cagcaccgtgtagaatcttc A/G taagtgttagctgttactgt
21 (3' flanking region 42) atttgctcectggccatctac C/T cagactgtctgtctgtctgt
gZ Glutathione S-transferase M2 (GSTM?2): AC000031.5
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1 (intron 1 7) ggaacatccgeggggtgage C/G agggtccgetgggecggtggg
2 (intron 1 45) gggacgggggtgcgtggggg C/T ggggaagtgtggagcagctg
3 (intron 3 70) gactgcatctcectctccecca G/C cttagaggtgttaagatcag
4 (intron 3 224) agcaggccctggtctcectct T/C tgcccttgcatatgggaagg
5 (intromn 5 100) ttgattccttctggtgagtt C/A ttggtcttgctgactctaag
6 (intron 5 341) tcctcttggtgggttcatgg T/C ctggctggcttcaggagtga
7 (intron 5 696) acctttagctagacacagag C/T gctgatttgtgcatttacaa
8 (intron 5 723) ttgtgcatttacaatccttt A/G gctaggcagaaaagttctcc
9 (intron 7 2836)dbSNP ID:rs1149179 aacttctgtttcccacatga C/G aaatggtgataatagattca

10 (3' untranslated region 1006)

11 (3¢

Fig. 1. Continued
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83 Glutathione S-transferase M3 (GSTM3): AF043105.1
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1 (5* flanking region -144) ccaacgccggcattagtege G/T cctgcgcacggccctgtgga
2 (intron 7 165) agcctaacttctataccttg A/G aggcactgtctacaaaaaaa
3 (intron 7 257) ctgttggactgggtggggtc T/G ttataagattggtgtatttt
4 (coding region 670) cccagtggggcaacaagect G/A (Val 224 TIle)
tatgctgagcaggaggcaga
8—4 Glutathione S-transferase M4 (GSTM4): M96233.1
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2 (intron 7 77)
3 (intron 7 80) gatgctttcccagtectgga T/G ct G/A cataaagaataacttgcatt

Fig. 1. Continued
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1 (5' flanking region -546) agcagggcccaccagccgac C/A gcctcgaagcgccgtgagcec
2 (5' flanking region -321) tgtctgaccagccgecccege T/C aaggagtcacaagagggcag
3 (intron 1 289%0) aaaatactgcatcaaaacca G/A gccacgctctgttgggggga
4 (intron 1 2896) ctgcatcaaaaccaggccac G/A ctctgttggggggacaccaa
5 (intron 2 255) tctcccaacactgectctceca A/G agccceccttggcaaccatgtt
6 (intron 2 1560) caccactgtttaaggccctg G/C gggggcagagttaaacacaa
7 (coding region 94) ccttgaaaggcatcgactac G/A (Lys 32 Glu) agacggtgcccatcaatctc
8 (intron 4 297) agaaggaggagtttgctgge C/T ctgtcccctctggtccaggg
9 (coding region 245)dbSNP ID:rs1046428 cattgagtatctagaggaga T/C (Thr 82 Met) gcgtcccactccgegacttce
10 (intron 6 94) tatctgaaccagcctcccag G/A ctgctttgggcctgacagtt
11 (intron 7 491)dbSNP ID:rs731346 ccctgatgggaacccaccgg G/A acctctttcaggtgaccatg
g6 Glutathione S-transferase pi (GSTPi): X08058.1
0 kb ~ ) 4.3 kb
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1 (5' flanking region -819)dbSNP ID:rs643317 taacaaacctgcacatcctg C/T acatgtaccccagaacttca
2 (intron 1 269) ctcccccgggctccagcaaa C/G ttttctttgttecgetgcagt
3 (intron 2 134) cccegggectecttectgtt C/T cccgecctctcccgecatgee
4 (intron 4 13)dbSNP ID:rs762803 cacccttggtgagtcttgaa C/A ctccaagtccagggcaggca
5 (coding regioin 313)dbSNP ID:rs947894 aggacctccgctgcaaatac A/G (Ile 105 val) tctccctcatctacaccaac
6 (intron 5 438) gtgtgtgcgegtgegtgtge G/A tgtgtgtgcgtgtgtgtgtg
7 (intron 6 162) cccgetggctgagtccctag C/T ccccctgeccctgcagatcte
8 (coding region 555)dbSNP ID:rs4891 gcatatgtggggcgcctcag T/C (Ser 185 Ser) gcccggcccaagctcaaggce

Fig. 1. Continued
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g7 Glutathione S-transferase theta 1 (GSTT1): AF240786.1
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1 (5' flanking region -103) taaagagtgtcccaggegte C/T gtgccgceccaatggggcaca
2 (intron 1 166)dbSNP ID:rs140313 agcagggagatccaagagtc G/A gggctccccaaaactctgcet
3 (intron 2 294)dbSNP ID:rs140310 cgatggcagctttgcccace G/A tggggcaggcctctggccaa
4 (intron 2 617)dbSNP ID:rs140309 ctgacattctgccagggeee G/T tcttcetccctggtgeeccca
5 (3' untranslated region B824)dbSNP ID:rs4630 agaaagcaggaatggcttge C/T taagacttgcccaagtccca
. . . ~
88 Microsomal glutathione S-transferase 1-like 1 (MGST1LI): AC007936.2
0 kb o 17 kb
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1 (5' flanking region -105) tgctgccgetgecgtgggge G/A gggegtgggcggtgetgget
2 (intron 1 277) agtgtctgtgagagaagcag G/A ttctggagggtggagtgtgg
3 (intron 2 8030) ggggttatacagagcccctc C/G gcccccaccacacatatgca
4 (intron 2 8499) gtatggcaggagtggggtce C/T ggcaagccatagaggtatgg
5 (3' untranslated region 468) cgccacctgtgaccagecage T/G gatgcctccttggecaccag

Fig. 1. Continued
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g9 Microsomal glutathione S-transferase 2 (MGST2): AC019049.4

O kb o © < 0O >36.5 kb
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1 (5' flanking region -46) ggtcagcattcaaagtcaag A/T agcgccatttatcttcccegt

2 (intron 1 176) ggtcacccatgccgectget A/C ccctccttcoccaggggcaag

3 (intron 1 204) tcccaggggcaagcagagac T/C gagaacattccagagattag

4 (intron 1 373) ttacaagtgttccaaaggaa A/T cgtgcctgcttctaaacctg

5 (intron 2 329)dbSNP ID:rs735589 agaccacaatagtctgaagt C/T ggattagttatgctacaatt

6 (intron 2 8037)dbSNP ID:rs1453135 aagctacactctttctgete T/C tgtaatgatgtaaaatttat

7 (intron 2 9523)dbSNP ID:rs1377382 ctgaaagaccattattaagc A/G tctttcatcttctggatttt

8 (intron 2 -3245) cctcgtgatttgecccacctc G/A gcectcccaaagtgctgggat

9 (intron 2 -1998) aggccgaggtgggeggatca T/C gaggtcaggagatcgagacce

10 (intron 2 -1640) tgtttattccttgecatagcc A/G taatataaagtatgaatttt

11 (intron 3 41)
12 (intron 3 453)

actgtgttctaatgatgact
atcagagtgctatgttgcag

A/G
A/G

tgatgcttaaacgattaagg
tatatgaactttggcttcat

8-1 O Microsomal glutathione S-transferase 3 (MGST3): AC064827.2
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1 (5' flanking region -520) acaaaaaggccctaacagcg A/C taaatccattcactteggga

2 (5' flanking region -355) cgcctaaaaccgcetacggtg G/A ctctgetggggacaaattat

3 (5' flanking region -234) ctgggggagtagatatatgt T/A tttgagaatgagaggagtaa

4 (intron 1 74) agcctttgcgcaggcactcc C/T atatttcagcctatgegage

5 (intron 1 682) agaaaatgccccttctttat G/C tggggtggcagcacggagcce

6 (intron 1 832) cgagtttacaagctacataa T/C agcgtcgggggcaagtaagt

7 (introm 1 1919) aataaaattcctgagtttct G/C tcactcgctcttacagtacc

8 (introm 1 1991) tgtaattaggcaacaggaaa A/G ttgtactatctttcaaatgc

9 (intron 1 4458) tcttcecatectcctaacata T/C agttagcttccactctccaa

10 (intron 1 4676) tgaatatgcaatgcaattgt C/G gggggatagttacttttcat

11 (intron 3 278) cagcatgacccatctaaacc G/C atgttgactctcccaggect

12 (intron 4 423) cttgcctttttgttgtgggg T/G gtggggtggtcacagagaag

13 (intron 4 506) gtgcagagaagaaaacaaag T/C ggggaaggtggaaaggggat

14 (intron 4 -162) tcacagatattttattttcc C/T gactgaaactaacttaattc

15 (intron 4 -130) acttaattctacctaatttg C/G gtggggagtagttggccaaa

16 (intron 4 -105) ggagtagttggccaaatcat C/G aaattgttaactttttgcta

17 (intron 4 -65) aacatattgtgtaatcaacc C/T taggtgttaaaaaaggtttg

18 (intron 5 105) atcccagcactttgggagge G/C aaggcaggcagattgcttga

19 (intron 5 197) aaaaaatacaaaaattagcc G/A gatgtggtggtgcacacctg

20 (intron 5 222) tggtggtgcacacctgtagt C/T ccagctacttgggaggctga

21 (intron 5 374) tcttatgctactatattttt T/C ttcttgggaatttgagaaaa

22 (3
23 (3

Fig. 1. Continued

untranslated region 517)
flanking region 166)

atgacttacctttatttcca
agtctgattgtggtgatgta

G/T
G/T

ttacattttttttctaaata
gtatagtcatgccacagtga



396

. ~ O
gl 1 Glutathione S-transferase A1 (GSTAI): AC021133.4
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1 (5' flanking region -266) ttgcaaaaagagcaaaatct C/A ggtgaaatgtattgtgtaaa
2 (intron 2 1220) gagacacaggctttcctaag A/C tatgacaacaccataactag
3 (intron 4 1813) aaaggcacccactggaggtg A/C attattttgccatcacctga
4 (intron 5 732) gaagagtgttgtcatgaagg T/C ggagtcactgcccaagggag
5 (intron 6 333) ttatcccatatgtgcccaca A/G tgagccggtctgagcagagce
6 (3' flanking region 412) ctttcttatgcatttgcaaa A/C caatgattctgtctgctgtg
g12 Glutathione S-transferase A4 (GSTA4): AC025085.4
Okb [RSEdC) ) SIS (U] >20kb
[ o < OIS L n <an
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gctigtctcagetgacatc > getgtctcatagetgacate
2 bp insertion polymorphism
1 (intron 1 280) gcattggtggaaggtgggct C/T ggatcgtccccgggectgge
2 (intron 3 176) ggaaatcacttcttattcaa T/C agttccataaaagctggcecg
3 (intron 4 94) acaccacatttactttatgt C/G ttacatagttagtgagatca
4 (intron 5 116)dbSNP ID:rs316128 ctgagcccagttgaactaac C/A taagcgctaatggactccta
5 (intron 5 1062) cacacttgtgcacatgcaga C/T acccatgggcatccaagagt
6 (intron 5 1113)dbSNP ID:rs316131 ggggatctcccctttgetac T/C actgcttcttgectctccect
7 (intron 5 1296)dbSNP ID:rs316132 cacctcttgatgttctagca G/A cagaactgggaaataagagt
8 (intron 5 1711)dbSNP ID:rs783679 ctgattcaatagcctcatca C/G tctctccatgtggaatattg
9 (coding region 487) cagatgtgattttactccaa A/G (Thr 163 Ala) ccattttagctctagaagag
10 (intron 6 595)
11 (intron 6 603)dbSNP ID:rs316136 tgagctctgagagcaaatga G/A agatgtt A/G gcaccctaaacatcacccca
12 (intron 6 630) taaacatcaccccaaaggat T/A cctaccattctccttctgag
13 (intron 6 692)dbSNP ID:rs316137 tggttcaaattatccctcag G/T gttattctggcaggattgat
14 (intron 6 3895)dbSNP ID:rs375887 acaagtatttattgaacaaa T/C tttggtgggccattttgcat
15 (intron 6 3943) tcttcgtagtatctaatacc T/C tttttgttagecttaaagtt
16 (3' untranslated region B806)dbSNP ID:rs367836 agttgggtcttttgtgtcaa C/A gagatcatctcttctagaaa

17 (3' untranslated region 1099)
18 (3' untranslated region 1157)dbSNP ID:rs405729

Fig. 1. Continued

taataacaaccgaatgtcta
tagtaatgaatgcaatcagt
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taaatgactctcctctgage
ttagccaaaataaagaattt




nl NADH ubiquinone oxidoreductase 1 alpha subcomplex 1 (NDUFAI): AC002477.1

Q
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1 (5' flanking region -1437) agggctaaaaatcctgatta T/A acctaccttgaagcttttaa
2 (5' flanking region -255)dbSNP ID:rs1800823
gctctgecattttagagtee T/C gagctccgaaacagececgtgg
3 (intron 1 73)dbSNP ID:rs708463 gtggtgggcagggagaccgt C/T agcctgcgaaccctctctec
4 (intromn 2 3071) aataaaagtacatggcatat C/A tttgatgggaacagacttgt
5 (3' flanking region 1218) aactccatgtgtataaagca A/G caccacagatgacacttcca
tri-allelic
6,7 (3' flanking region 1411) ggattgtgccatcccttgat C/T/G ggcaatgaccttttactttt
nz NADH ubiquinone oxidoreductase 1 alpha subcomplex 2 (NDUFA2): AB054976.1
0 kb 4.4 kb
e - YOS o oo
@5 < N o< S o 9
0 < Oog n N I W )
-3 Py 2R B X & =
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L
1 2 3
CA aagaatgaaaagatcata > aagaatgaacacaaagatcata
(CA)16 4 bp insertion polymorphism

1 (5' untranslated region -136)dbSNP ID:rs778594
cctcgcagecggtcctacaat

2 (5' untranslated region -48)dbSNP

(intron 2 314)dbSNP ID:rs778592
(intron 2 1087)

(intron 2 1089)

(intron 2 1356)

(3' flanking region 467)

0 N o oW

9 (3' flanking region 744)

ID:rs778593

tccgeggttggtcagacegg
tccaaataacgtgtagccag

aacatacaaaaattagccgg
ttccctgaaacaacccattg
cacagcctcatgggtcagee
(3' flanking region 526)dbSNP ID:rs702399
tctgacatggaacctatata
ggaagcaggggccctggeca

10 (3' flanking region 912)dbSNP ID:rs778590

catgccaagctcttctacat

11 (3' flanking region 1136)dbSNP ID:rs753279

Fig. 1. Continued
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cttttatatcattggccaag

gcacttggcctgaagacctg
gtcagtccaggtagtgtgtg

t A/G tggtggcgggcacctgtaat

ggccatccagaatcagccaa
actccagagggtgcattcece

gttagccaggcccagagaaa
agccgcectggecagtaagcagg

catgttctcatactcctaca

actaccagatcttggattca
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n3 NADH ubiquinone oxidoreductase 1 alpha subcomplex 3 (NDUFA3): AC009968.6
Okb LLCO ’t%a F 0o >8.5kb
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1 (intron 1 13)dbSNP ID:rs254260 ggctgcgagtaagtgcaggt G/T ccggtggcegcacggggctcg
2 (intron 1 209)dbSNP ID:rs254259 ctacttgcaggggtgacget C/T cttgccaccccttcaggagt
3 (intron 2 2535)dbSNP ID:rs254257 atctgtgagtgttaggctce G/A acccctacctccacttaace
4 (intron 2 2656) tccctgectgecectceccetge G/A cactttatcttecectttgece
5 (intron 2 2677)dbSNP ID:rs254256
6 (intron 2 2685)dbSNP ID:rs254255 cactttatcttccctttgee G/A aggctca G/C cttctcttcce
cctctcttca
7 (coding region 216)dbSNP ID:rs1061333 gtgcccagccacccccagga C/T (Asp 72 Asp) cctcagggece
ccagcctgga
8 (coding region 241) agggccccagectggagtgg C/G (Leu 81 Val) tgaagaaact

9

10 (3
11 (3*

gtgagcacct

(3' flanking region 708)dbSNP ID:rs254264 cccacactgggccttccctt

flanking region 1019)
flanking region 1289)dbSNP ID:rs1193923

tececttacctgecactggecace

gctgccctcatcctggcagg

G/C cactccgtcttetcetgatcee
A/G gctctggagccccagtecct

G/C aggagggggaggtaggtgat

n4_ NADH ubiquinone oxidoreductase 1 alpha subcomplex 5 (NDUFA5): AC073323.5

16 bp insertion polymorphism
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gttgtcttgtgtaacatt > gttgtcttggatttgtggtatccagtgtaacatt tttaaaatatataggatatt > tttaaaatataggatatt

2 bp deletion polymorphism

gttaataaaagtctagactg > gttaataaatctagactg
2 bp deletion polymorphism

1
2
3
4

5

(intron 3 2155)
(intron 3 2493)
(intron 3 2712)
(3' untranslated region 1252)dbSNP ID:rs6737
gaaatttatatctggcatac G/C gataggcttatattcaaaac

(3' flanking region 1296)

Fig. 1. Continued

agactctagcatggtacctg G/C aacataaggttccttagaaa
ggcatattgctagttttctc G/T gtctcaatttcatcatctat
acaaattttgaactgttcac C/T taacacaggctttttctgaa

aggtatctaaaaggtattgc A/C atttggtcattggttctttc




n 5 NADH ubiquinone oxidoreductase 1 alpha subcomplex 6 (NDUFA6): AL021878.1

ggatgctgaggtacctac > ggatgctgatggtacctac
1base insertion polymorphism
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(5' flanking region -1148)
(5' flanking region -363)
(coding region 26)

(intron 1 1318)

(intron 2 562)

tttataatttatatatgtta C/T gtgctttcttttgtatagct
actaccaaggagcgceggegg G/A cagccggatagcaggacgct
ggggagceggcgtccgecaag C/T (Ala 9 Val) tacttctaccgccagcacct
attcagcagtttgaaaacat A/G atgtttgcctggcagaatac
agttaaagaatctgaaaagt G/C tcagaaatgatttaccctga
(3' flanking region 273)dbSNP ID:rs742085
gcccctatgattagacactt C/T agtgtcagggcacagattat

n6 NADH ubiquinone oxidoreductase 1 alpha subcomplex 7 (NDUFA7): AC010323.6

0 kb

(Pro 66 Ala)

14 kb

gPro 100 Pro)
54C>T

4203T>G
4604 A>G
300C>T

-y
2
N

12

tgatccacccactctctgaa > tgatccaccctctctgaa
2 bp deletion polymorphism

tccecetgetcagaggetaacactgge > tecectgetaacactgge
8 bp deletion polymorphism

wW L 3——19C>G

Alﬁi

tgaggtgacaggggeccaca > tgaggtgacgggeccaca

2 base deletion polymorphism

W O NNV W N

=
(=]

11
12
13

14

(5' flanking region -940)dbSNP ID:rs1057232

(5' flanking region -731)
(5' flanking region -434)
(5' flanking region -385)
(5' flanking region -100)
(intron 1 92)
(intron 1 133)

(intron 1 136)

(intron 2 89)

(coding region 196)
(intron 3 4203)

(intron 3 4604)

ggacaaaaaaaaggagcaga
accaaccaaaggtctatcaa
aaagggaaccatcagaaccc
gctececggatteccggetgge
agaggagtcacgtgcttcgg
tcacctccctcctaageccgg

ctccctgggaacccccaget
tcctttagaccecctgaaacg
gccgecgggaatetgtgecce
gcctccaccectggggegec
gggccttgtgtacgectggag

(coding region 300)dbSNP ID:rs1045629

gcggtgactccagetectce

(3' untranslated region 354)dbSNP ID:rs561

Fig. 1. Continued
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gtgatgaaatgagaatcggc
ggggttagggcagggtagag
gagagcctttataggacgtt
acccttegetctecccgaat

gt C/G accccttcagcccgggacce
agggctgacatcctgecace

(Pro 66 Ala) cttccatcatcatgtcgtcg
cctccatcaccccaccctee
ccaaaagtgggaagggagga

(Pro 100 Pro) ataaagaggtgggagctgtc

acggccacccgactactttg
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n7 NADH ubiquinone oxidoreductase 1 alpha subcomplex 8 (NDUFAS8): AL162423.10
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aagactctcaccttgetgt > aagactctcaaccttgetgt
1 bp insertion polymorphism
atgatacttaagtaaa > atgatacttaa
5 bp deletion polymorphism
1 (intron 1 -75) tttgtgttctctattctgac C/T cgcatgaggtaaagctgaga
2 (coding region 126)dbSNP ID:rs4679 tgtgataagcccaacaagga G/A (Glu 42 Glu) tttatgctctgccgctggga
3 (intron 2 790) caaacctagacaaagtgtgc C/T ctttatccagaagtgagcag
4 (intron 2 900) ttcaggagataaaaagctct G/A attgctcaggcctgagatgg
5 (intron 2 3293)dbSNP ID:rs1537005 aacttattctttttatacac A/G gaagttaaattttctctagc
6 (intron 2 3837) gaagttgtcttgtaagtgag A/G taagaatatgtactcacata
7 (intron 2 3942) tcattgttttgcaaagagat G/T cccctaacccagctttcecttt
8 (intron 3 -66) gaggagacaccaggaggcgce A/G ttgatggttacagattcctc
9 (3' untranslated region 520) tttatttctggaccaagtaa A/G gatgggtccgtggcccacac
10 (3' untranslated region 583)3bSNP ID:rs6822

actgatgaaaacgcccatge G/A gtttgcatcgactgatagtg

11 (3' flanking region 367) gtcatacaaggggagcctcc A/G ggatagaagtgcagaaactt
12 (3' flanking region 777) attcttttttcactactagg C/T tgtttcctccacatctgact
13 (3' flanking region 1053) aaagaaaaagcactgtgtga T/A ctgccatggccgcttectgea
14 (3' flanking region 1190) gattctctaatgaaaaataa G/T acttttttttgcattttttt

n 8 NADH ubiquinone oxidoreductase 1 alpha/beta subcomplex 1 (NDUFABI): AC008870.6
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1 (coding region 108)dbSNP ID:rs466719 cggcctctcagecaccgetcect C/G (Leu 36 Leu)
tgctececgeggggacccagac

2 (intron 1 4319)dbSNP ID:rs367983 aaaaagagatacttgaccaa T/C ctctcagtgaacgtgatctt
3 (intron 1 4945)dbSNP ID:rs779257 gaggtgcttgtccattttgt A/T tcccttttatttttteccaa
4 (intron 1 8431)dbSNP ID:rs449499 ggtcagcctattaaaggtgg C/T agcaccctgtagaggcctcg
5 (intron 1 8451) cagcaccctgtagaggecte G/A ggatgctgaagatgccatga
6 (intron 1 8495) gacacaggcattctgcagac G/A ctagacaattttagtggcag
7 (3' flanking region 620)dbSNP ID:rsd64162agtagtgtctttgaggcaga G/C ggactaaggtgaggggccct

Fig. 1. Continued
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C/Gttctccacttttceecte > C/Gttctecactttcecectegticttgte
1 bp insertion polymorphism

ggcaagatagagiggaaa > ggcaagatatcgagtggaaa

2 bp insertion polymorphism

NADH ubiquinone oxidoreductase 1 alpha subcomplex 9 (NDUFA9): AC005832.1
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1 (5' flanking region -807)

2 (5' flanking region -769)

3 (5' flanking region -688)dbSNP ID:rs979878
4 (5' flanking region -353)

5 (5' flanking region -322)

6 (5' flanking region -266)dbSNP ID:rs979877
7 (5' untranslated region -105)dbSNP ID:rs714621
8 (intron 1 447)

9 (intron 1 1039)

10 (intron 1 4010)

11 (intron 3 49)

12 (intron 3 107)

13 (intron 3 1183)

14 (intron 3 1395)

15 (intromn 3 2363)

16 (intron 3 2608)

17 (intron 4 561)

18 (intron 4 860)

19 (intron 4 879)

20 (intron 4 893)

21 (intron 4 1090)

22 (intron 4 1188)

23 (intron 5 161)

24 (intron 5 373)

25 (intron 5 457)

26 (intron 5 3113)

27 (intron 5 3339)

28 (intron 6 414)

29 (intron 6 518)

30 (intron 7 974)

31 (intron 8 104)dbSNP ID:rs1009633
32 (intron 8 330)dbSNP ID:rs1009634
33 (intron 8 368)

34 (intron 8 954)

35 (intron 8 1253)

36 (intron 8 11608)

37 (intron 8 11930)

38 (intron 9 196)dbSNP ID:rsl1029767
39 (intron 9 1998)

40 (intron 9 2238)

41 (intron 9 2885)

42 (intron 10 801)

43 (intron 10 910)

44 (intron 10 1180)

45 (3' flanking region 554)
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gatggctctttgtagaacaa
accacagttaaagaaaaaat
cacacatggccactaaattt
cacaccctattttggtttct
ttceceetegttettgtecce
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tgtttttcaagcctttaaac
ccagctacttgggaggctga
acagcggtctgtcttectge
tacactaaagtgtctcttac
tgcagactttcaggtgggta
aaaactgagtcagaacgccc
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gcagattctcaaaggtgacc
acaagccattgcgctagaga
cataatatttcaggaagttc
ttctccacttttececectegt
cttttctctctcetgggece
tcctccggactcaccaggge
tttcttggttagegettgeg
atgataatattacaatacca
caagaattaggagtgtttag
cattcctgccatatgaagaa
tcatttttaggagtgatagg
aaaggcatcctctgttccca
gattatttgtaatcccttta
aagtttgttggtcaccttgt
ccaactaacactagtcttta
agtgtactgttacctgtttg
cttgggggtcttattcaact
agagctgtcaacttttttaa
aaaaaataattttagcttaa
gcttaaaaaaattaaaaatt
aagtagtgtgaatttcagta
tctteccagaaactttgattt
gttttgattgattgecettct
agtggttttgtgccactett
cacagtgcttatgctcettt
taagcttcccttaaaataaa
tttggttattgtttaggetg
atattacatatatggttaga
tgatagctcatttctttata
tacttggatagcggtgatta
aatctcctcattgcttgecat
agtatggttataaaaccaca
cacaatgcctccagaggctg
ctagataagaattacaattc
gtatctacacatttctcatc
accaaaaattcgtgaagaaa
gtaatcatggataagtacaa
ccaattcccaaaagtgaatc
gctgtggaaccctgtgetca
gtgggaggatcacttgagcc
gttctcataggctagcttac
tttatacttgagaaagtgtt
gatgagggattgctgetget
tgctcagaaaacaggggcgt
gaccttctaatgaagttett




402

nl 0 NADH ubiquinone oxidoreductase Fe-S protein 1 (NDUFS1): AC007383.4
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tgtctgtgcttttaacatt > tgtctgtgctttaacatt
1 base deletion polymorphism
1 (5' flanking region -3) tcectagggggtcgtecgtggt C/G cagacagtttagcagaacag
2 (intron 1 445) gtgttagcaatggctcacge T/C tctgtttgttgteccttgttt
3 (intron 1 470) tttgttgtccttgtttgttt G/T gtccattgaccacgttggac
4 (intron 1 502) acgttggacagcattttttt A/G ttcctttaactaacgggaaa
5 (intron 1 557) ttttgaaaagttagcccagg A/G ttgcattgcaaataacaaaa
6 (intron 1 5218) tatctcagaatatctcagga A/G catttagtagacagctatgc
7 (intron 3 1371) aagccctaaaatagatagtg T/G caatgggaatgaaaacaaga
8 (intron 5 414) ttttgaaacgaggtctcact A/G tgttgtccaggctgggcttg
9 (intron 10 812) gagtgcggtggcgcgatctc G/A atctcgggtcactgcagcect
10 (intron 11 233) ggaggccaaggcaggcagat C/T gcctaagtgcaggagtttiga
11 (intron 11 283) ggccaacatggcgaaacccc G/A tctctactaaaaatacaaaa
12 (intron 11 585) ctgtatgtcttaattttaaa G/T taaatttgcattttatatat
13 (coding region 1251) gcaccactgtttaatgctag A/G (Arg 417 Arg) attcgaaagaggttggtaat
14 (intron 13 5159) attacttttagaaaacgtgt T/C ttagctgatactcaggcata
15 (intron 14 250) aaaaattgttatattagtta C/T accttggttcaaaaattgca
16 (intron 14 550) gataaagtctcactatgttg C/T ccaggttgatctcaaactcc
17 (intron 14 2429) ctgaaaatacaaaaattagc C/T gggtgtggtggcatgtgcct
18 (intron 14 2530) ttacagtgagccgagatcac G/T ccactgcgctccagcctggg
19 (intron 14 2659) acacatttaattttttacat T/C gaaaatactgcagttatggt
20 (intron 16 150) agaaaacatgtattcagaaa C/T aggaattcaaggttacagtg
21 (intron 18 279) cactgtgtagcaatttatgg T/C gaattttccaaagtggcaaa
22 (3' flanking region 61)dbSNP ID:rs1044120
aatggatgaaatgaaaagag G/T ttcaattaaaacctactttt
23 (3' flanking region 182) tctaggataattataattaa T/A aataatcatagtaacaatgg
1111 [NADH ubiquinone oxidoreductase Fe-S protein 3 (NDUFS3): AC067943.4
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1 (5' flanking region -194) tctgccacaaggagctagga C/T cacgctcacctcacgatttc
2 (intron 1 46) cggggtcaggcgcageggeg T/C gecccagtgcagagagctect
3 (intron 6 -439) aaagctgtgtcaaatgtact G/A ctttagatctggactgtgaa
4 (intron 6 -280) ggtgggtgagcagtcagttc G/A gagctcctgatgtgggagtg
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biquinone oxidoreductase Fe-S protein 4 (NDUFS4): AC024569.3
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aggtgctggtagtigggt > aggtgcetggttagttgggt
1 bp insertion polymorphism
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(5' flanking region -439)
region 12)dbSNP ID:rsl1127795

126)dbSNP ID:rs1532163
1829)
2057)
-601)dbSNP ID:rs365358
-521)

578)dbSNP ID:rs409313
-522)dbSNP ID:rs810858
~-158)dbSNP ID:rs31305
-1329)dbsSNP ID:rs451591
-1259)

2
3
3
3
3
4
4
4
4
4
4
4
4
4
4
4

4

9

1174)
101)dbSNP ID:rs1490769
611)dbSNP ID:rs189849

10682)
12299)
12560)

1
1
1

B8469)dbSNP ID:rs256094
8801)
8883)dbSNP ID:rs256093

19888)
20178)
23016)
23124)
24061)dbSNP ID:rs439552

untranslated region 574)dbSNP ID:rs567

T/A
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A/G
G/T
c/G
aA/G
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A/G
A/C
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G/A
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aactgaatacagccctgtcc
tgcagcaagatggcggcggt
tt ttttet
tctt.

attaatgggaaaatctacat
taagtaattggagtgagagt
ttcattttaactaattttat
gcagccatcacttataaaat
ttaaagttgttaaatttaca
gtatctaaatagtaatttac
ttctgttctcagtatatata
ataaaattatgatattatta
aatatatataattataggaa
taaaatattccatcaataat
tcaaatacaatttgttatca
cacaatataggcacaaactt
tttactatatagatatatgg
accaaataaggtattatgca
tgtgttctaaatttctaatg
ggaaagacttgctttgccag
cattattctgaaccatttac
tcgcacagctgagaagagca
agaaaagatgagtataattc
ctactctgtgaaagtaaggt
actttctttggagatggagt
atacgtttacatatttttct
gactgtgaataaagtcagct

gagggcttgcaaagtgaatc
(val 4 val)} tcaatgtcagtggtactgag
gt tg
tttttaaatac
taaaattcattttattgtaa
ggaaaatgctaatataaagg
tctcccattttgtgaatggg
ttttagagtgtggtctgtta
ctttacaaaaaggttcaggt
ttgtaaagtatcagaatggt
tttaactatcaactggaaaa
tactaatatagccagccata
ctcagagtagcaaccatggt
tacttatttgattttatagt
ttgtatttgagatacagttg
ctaccaaagcactaacaagt
atagactatagagtatctct
gctcatctttttatataaga
ctgattttcagatatacttt
gtatccgaaacctctgttat
ccctactgtaccccacccece
ggggctggttttcagtacce
tctaacttacccattcttaa
atgttgaacaagtaaattaa
ccagcagttgggaatgtaat
tatccctttggaagagttce
tgcagtatttatagtccatg

n13 NADH ubiquinone oxidoreductase Fe-S protein 5 (VNDUFS5): AL139015.5
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taaacaaagatgigtggtct > taaacaaaggtgtggtct tteectttactigtttice > ttecctitattgttttce
2 bp deletion polymorphism 1 bp deletion polymorphism
actaccctgaaaaaagaag > actaccctgaaaaagaag
1 bp deletion polymorphism
1 (5' flanking region -79)dbSNP ID:rs1122471
ggctcggtttctatggtttt G/C tggggagacggctgagggaa
2 (intron 1 6)dbSNP ID:rs1122472 acgagcatcgggtaggtagg G/T gctgcttatgtccgecgegge
3 (intron 1 388) ccaaacatagccagcacttc C/T ggctgtaactcecgggectgtt
4 (intron 1 -13082) agtgagccgagattgcacca G/A tgcattccagcctgggcaac
5 (intron 1 -12905) gttttcaacaaaggactcca G/T agtagtagagaagtttctgt
6 (intron 1 -12564) attttcatcacacctcaact T/G aaggtataacagccttaaga
7 (intron 1 -12561) ttcatcacacctcaacttaa G/A gtataacagccttaagaatg
8 (intron 1 -10561) aacaatgtggtatagtgggg C/G gggtggtgagcaggtgtcat
9 (intron 1 -9%065) cctgatgetectggectccag G/A gtagaccttttcectttaga
10 (intron 1 -8871) tcaccacgtgtctgtagata T/C aggaccgcagaccttcgett
11 (intron 1 -7312) aaatccttggcttctagaat G/T ggtcactgatggtatataat
12 (intron 1 -6827) aacctctgecctccccgatte A/G cgccattctcctgectcage
13 (intron 1 -6725) agtagagacggggtttcacc G/A tgttagccagcatggtctceg
14 (intron 1 -6631) aggcgtgagccactgegeec G/A gcctagaccttcttettata
15 (intron 1 -6531) cccaacagctcccaatgtaa A/G acagatctattaatattctg
16 (intron 1 -6346) gcaacagatcttgacctata T/C cccatagggtacagctgagg
17 (intron 1 -6327) atcccatagggtacagctga G/C gactttaatcagaaaaggag
18 (intron 1 -6122) tagccttgettttactctac T/C gttcctcccaaatcacaccce
19 (intron 1 -2512) acaaactcttaatgcgaatt T/C tgcagatcaaagtgggctta
20 (intron 1 -1945) tttaatctcctttaaatttc G/A caatttcacaacctagggta
21 (introm 2 75) tttttttttttttttgagac G/A aagtctcactcttgtcccct
22 (intron 2 148) ctgtagcctctgecctcccag G/A ttcaggcgattcgcgtacct
23 (3' flanking region 150) cagattcaagtggttctcct G/C cctcagcctcccaagtagcet

Fig. 1. Continued
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7114 | NADH ubiquinone oxidoreductase Fe-S protein 6 (NDUFS6): AC026443.2
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1 (intron 1 26) ggccgctgggtacaggatge A/C ccttcetccagccgcacctce
2 (intron 2 1076) ggatcatggtggtggagagg G/A gcttgtgtctggtgggtttg
3 (intron 2 1260) cagttgtcgagtaagtggtg T/C atagggtaagtgctctttct
4 (intron 2 1413) caaaggagctcatggcattg C/T gaatgggacatttcttccgt
5 (intron 2 1568) tggagaaggggaggtttctc T/C tagtgtggatgcggtatggt
6 (intron 2 1692) gaccgtggtgacggaggttt C/T ctgggcatcgatgggtggtt
7 (intron 2 6488) tagcttaaataattattggc A/G ttcatgttcagaatgcctga
8 (intron 2 6563) tttaaacttttattttaaat G/A tccatgaatggggtcggtat
9 (intron 2 6740) aaagatttaaacctacatat C/T tttatgcccaatcatttgat
10 (intron 2 6832) gcgagggactcattttacag A/T ggttggacacttcactgtgt
11 (intron 2 7054) ttcactgccggagcttggecec G/A tgtgaacccggagccgggct
12 (intron 2 7186) ggtcagggtcacccttgage T/C gcgcacactaaatgacggga
13 (intromn 2 7225) gagggcatcccgcgtcagte G/A ccagtgtcgaggcgtcagca
14 (intron 2 7810) cttccactctggggegggga C/T gctgtagaaggagcacaaag
15 (intron 2 11080) gtaactgttcagtgctttect C/T ctttggatttcatgtaaatce
16 (intron 2 11657) gggacagaacgatgtggtgg G/A gagaagagggcgtggcagag
17 (intron 3 208) cgaaaaccccctttcaactg T/C gaagtggtgggcggcatgtt
18 (intron 3 1031) ctagagtgggactgggcacc C/T ggcatgtcccctcctggget
19 (3' flanking region 270) gcttcagagagccaaggtgg G/C tcttgaggtgcatagtgaag
7’11 5 NADH ubiquinone oxidoreductase Fe-S protein 8 (NDUFSS): AC034259.2
O kb >75 kb
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cttgaccceccccatcta > cttgaccccececcatcta
1base insertion polymorphism
1 (5' untranslated region -45) agtgtagcctccgectcceg A/C ttgactggectgettggeaa
2 (intron 1 163) aggtgcagcggggagccgge T/C ctcagggcgcatgcgecgece
3 (intron 1 367)dbSNP ID:rs1122731 ctctggggtgcccttggcat G/A tacgggctcccctaattcee
4 (intron 1 -353)dbSNP ID:rs999571 cgctctcagtgcatgctgge G/A ggggctggtaatgttgtttt
5 (intron 3 123) tctctgagectgttteccact T/C ttaaaatgattatggtgatg
6 (intron 6 -505) aggcaaggcaggccgggcac G/A gtggctcacgcttgtaatce
7 (3' flanking region 491) ggccctgagctggectgegt C/A cagccacatcctctttectg
8 (3' flanking region 693) ttcacttcatttgcagtgag G/A aaaccagctccgagaggtga
9 (3' flanking region 1267) ttttcccagacgtaaccgee G/A tcagagegtggcatggagec
10 (3' flanking region 1362) cgctgggttcttteccecttac C/T gtggtctcccaggcacttac
11 (3' flanking region 1449) tgtcagaacaggcctatggc G/A cccaaccacaagtcccccaa
12 (3' flanking region 1572) cagccccacaggectgtget C/A getgtgtggggecttagggat

Fig. 1. Continued
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n1 6 NADH ubiquinone oxidoreductase 1 beta subcomplex 3 (NDUFB3): AC007272.3
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nl 7 NADH ubiquinone oxidoreductase 1 beta subcomplex 5 (NDUFB5): AC068361.2
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Fig. 1. Continued

ggcggatgaaactctectac A/C
ggggatgttgattacctagg T/C
cttctgggccactgtatcet A/G
ccctcttagaccgtatatag T/G
ttgtctggaccatctgecac G/A
ggcgccatecgcactccagee C/T
agtgagactctgtccecccee C/G
atgatagtcctgaaaagata T/C

aagaagggccaaaccggccg
cagtaaagtaaagaaggcat
tttctttcecttgttaccect
tctagcataggatctgcaca
gtagataaagctctgaatca
gggcaacagagtgagactct
caaaaaaaaactataatcct
(Tyr 133 His) atgaaagaacaatggccgtc
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NADH ubiquinone oxidoreductase 1 beta 7 (NDUFB7): AC010527.4
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tctgaggctgagagagaggce > tctgaggcetgagagagagagge
2 bp insertion polymorphism

1 (coding region 9)dbSNP ID:rs9543 gcgactgcagccatggggge C/G (Ala 3 Ala) cacctggtccggegctacct

2 (intron 1 68)
3 (intron 2 266)

Fig. 1. Continued

NADH ubiquinone oxidoreductase family

Respiratory NADH ubiquinone oxidoreductases (also
known as complex I, which is embedded in the inner
mitochondrial membrane; EC1.6.5.3) serve to dehy-
drogenate NADH and to shuttle electrons to coenzyme
Q. This electron transport generates a proton gradient
across the inner mitochondrial membrane, to provide the
proton-motive force for ATP synthesis (Guenebaut et al.
1998). The total human complex consists of 42 or more
subunits, seven of which are encoded by the mitochondrial
genome and the remainder by the nuclear genome. So far,
complete gene structures have been reported for six of the
35 nuclear members of this family, and chromosomal
localization is known for 26 of the 35 (for reviews see Ton et
al. 1997; Loeffen et al. 1998; Smeitink and van den Heuvel
1999). We analyzed 18 complex I genes by direct
sequencing, based on their cDNA sequences (Fig. 1.
nl-n18). A total of 241 SNPs were identified from the
18 loci: 11 in coding elements, 22 in 5’ flanking regions,
four in a 5’ untranslated region, 170 in introns, five in 3’
untranslated regions, and 29 in 3’ flanking regions. Of these,
187 (78%) were novel and 38 were located within regions
corresponding to repetitive sequences predicted by the
RepeatMasker program. Of the 11 SNPs identified within
coding elements, four (Leu81Val in the NDUFA3 gene,
Ala9Val in the NDUFAG®6 gene, Pro66Ala in the NDUFA7
gene, and Tyrl133His in the NDUFB5 gene) were
nonsynonymous and had not been reported previously.
With regard to distribution, we found 11 SNPs within the
4.4-kb NDUFA?2 genomic locus, while only two were de-
tected in the 18-kb genomic sequence containing the
NDUFB3 gene.

The SNP collection reported here provides genetic data
that should be helpful for personalized medical service and
also for identifying genes associated with drug efficacy and/
or side effects. We believe that, in the near future, using an
SNP-based approach to predict individual differences in
drug efficacy or toxicity on the basis of genetic factors will

cctgaacacctggcacccca G/A ggctggcaccccagggctgg
gggctetctaggggectgtt T/C gatggggacagggcaggtgg

be a realistic approach to treatment of human diseases
or toxic conditions. Finally, we hope that the virtual
experiments made possible by our catalog will accelerate
certain aspects of human genetic research.
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