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Abstract We screened DNAs of 48 Japanese individuals
for single-nucleotide polymorphisms (SNPs) in six genes
encoding proteins of the solute carrier (SLC) family by
direct sequencing of their entire genomic regions except for
repetitive-sequence elements. This approach identified 213
SNPs and 25 insertion/deletion polymorphisms among the
six genes. On average, we identified 1 SNP in every 509
nucleotides. Of the 213 SNPs, 14 were identified in the
SLCI0AI gene, 51 in SLCI5AI, 29 in SLC22A1, 27 in
SLC22A2,54in SLC22A4, and 38 in SLC22A5. Eight were
located in 5’ flanking regions, 172 in introns, 25 in exons,
and 8 in 3’ flanking regions. These variants should contrib-
ute to investigations of possible correlations between geno-
types and phenotypes as regards disease susceptibilities or
responsiveness to drug therapy.
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Introduction

Member 1 of human solute carrier (SLC) family 10
(sodium/bile acid cotransporters), SLC10A1 (NTCP1), is
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the major transport protein responsible for sodium-
dependent uptake of bile salts by hepatocytes from the
portal circulation (Meier 1995). This protein is localized
specifically to liver sinusoidal membranes (Craddock et al.
1998; Muller and Jansen 1997). The promoter region of the
gene encoding SLCI0OAI contains potential DNA-binding
sites for transcription factors C/EBP and HNF3/HNF6, and
in some experiments mutations of these C/EBP sites have
resulted in loss of 77% of transcriptional activity (Shiao et
al. 2000). Expression of this gene is markedly reduced in
several experimental rodent models exhibiting cholestasis
(Gartung et al. 1996; Green et al. 1997).

Member 1 (SLC15A1, PEPT1) of human solute carrier
family 15 (oligopeptide transporters) is located in the intes-
tinal brush border membrane (Leibach and Ganapathy
1996). SLC15A1 mediates absorption of dipeptides and
tripeptides that arise from the digestion of dietary proteins
or beta-lactam antibiotics and other peptide-like drugs
(Adibi 1997). This protein contains 12 predicted transmem-
brane domains (TMDs), and a large extracellular loop car-
ries potential N-glycosylation sites (Liang et al. 1995; Covitz
et al. 1998).

A newly described transporter family (solute carrier
family 22; SL.C22) consists of organic cation transporters
(OCTs). OCTs function primarily to eliminate cationic
drugs and other xenobiotics from tissues such as kidney,
small intestine, and liver (Koepsell 1998; Zhang et al. 1998).
Member 1 of family 22 (SLC22A1, OCTI) is transcribed
primarily in the liver (Gorboulev et al. 1997; Zhang et al.
1997). However, member 2 (SLC22A2, OCT2) is expressed
mainly in the kidney (Gorboulev et al. 1997). Member 4
(SLC22A4, OCTNI1) is a renal proton/organic cation
antiporter functioning at the epithelial apical membrane
(Tamai et al. 1997; Yabuuchi et al. 1999); it is strongly
expressed in kidney, trachea, bone marrow, and fetal liver,
but not in adult liver. Member 5 (SLC22A5, OCTN2) is
strongly expressed in kidney, skeletal muscle, heart, and
placenta in adult humans (Tamai et al. 1998); mutations in
the SLC22A5 gene cause carnitine deficiency (Lamhonwah
and Tein 1998; Burwinkel et al. 1999; Nezu et al. 1999; Tang
et al. 1999; Vaz et al. 1999; Wang et al. 1999, 2000, 2001). All


Used Mac Distiller 5.0.x Job Options
This report was created automatically with help of the Adobe Acrobat Distiller addition "Distiller Secrets v1.0.5" from IMPRESSED GmbH.
You can download this startup file for Distiller versions 4.0.5 and 5.0.x for free from http://www.impressed.de.

GENERAL ----------------------------------------
File Options:
     Compatibility: PDF 1.2
     Optimize For Fast Web View: Yes
     Embed Thumbnails: Yes
     Auto-Rotate Pages: No
     Distill From Page: 1
     Distill To Page: All Pages
     Binding: Left
     Resolution: [ 600 600 ] dpi
     Paper Size: [ 595.3 785.2 ] Point

COMPRESSION ----------------------------------------
Color Images:
     Downsampling: Yes
     Downsample Type: Bicubic Downsampling
     Downsample Resolution: 150 dpi
     Downsampling For Images Above: 225 dpi
     Compression: Yes
     Automatic Selection of Compression Type: Yes
     JPEG Quality: Medium
     Bits Per Pixel: As Original Bit
Grayscale Images:
     Downsampling: Yes
     Downsample Type: Bicubic Downsampling
     Downsample Resolution: 150 dpi
     Downsampling For Images Above: 225 dpi
     Compression: Yes
     Automatic Selection of Compression Type: Yes
     JPEG Quality: Medium
     Bits Per Pixel: As Original Bit
Monochrome Images:
     Downsampling: Yes
     Downsample Type: Bicubic Downsampling
     Downsample Resolution: 600 dpi
     Downsampling For Images Above: 900 dpi
     Compression: Yes
     Compression Type: CCITT
     CCITT Group: 4
     Anti-Alias To Gray: No

     Compress Text and Line Art: Yes

FONTS ----------------------------------------
     Embed All Fonts: Yes
     Subset Embedded Fonts: No
     When Embedding Fails: Warn and Continue
Embedding:
     Always Embed: [ ]
     Never Embed: [ ]

COLOR ----------------------------------------
Color Management Policies:
     Color Conversion Strategy: Convert All Colors to sRGB
     Intent: Default
Working Spaces:
     Grayscale ICC Profile: 
     RGB ICC Profile: sRGB IEC61966-2.1
     CMYK ICC Profile: U.S. Web Coated (SWOP) v2
Device-Dependent Data:
     Preserve Overprint Settings: Yes
     Preserve Under Color Removal and Black Generation: Yes
     Transfer Functions: Apply
     Preserve Halftone Information: Yes

ADVANCED ----------------------------------------
Options:
     Use Prologue.ps and Epilogue.ps: No
     Allow PostScript File To Override Job Options: Yes
     Preserve Level 2 copypage Semantics: Yes
     Save Portable Job Ticket Inside PDF File: No
     Illustrator Overprint Mode: Yes
     Convert Gradients To Smooth Shades: No
     ASCII Format: No
Document Structuring Conventions (DSC):
     Process DSC Comments: No

OTHERS ----------------------------------------
     Distiller Core Version: 5000
     Use ZIP Compression: Yes
     Deactivate Optimization: No
     Image Memory: 524288 Byte
     Anti-Alias Color Images: No
     Anti-Alias Grayscale Images: No
     Convert Images (< 257 Colors) To Indexed Color Space: Yes
     sRGB ICC Profile: sRGB IEC61966-2.1

END OF REPORT ----------------------------------------

IMPRESSED GmbH
Bahrenfelder Chaussee 49
22761 Hamburg, Germany
Tel. +49 40 897189-0
Fax +49 40 897189-71
Email: info@impressed.de
Web: www.impressed.de

Adobe Acrobat Distiller 5.0.x Job Option File
<<
     /ColorSettingsFile ()
     /LockDistillerParams false
     /DetectBlends false
     /DoThumbnails true
     /AntiAliasMonoImages false
     /MonoImageDownsampleType /Bicubic
     /GrayImageDownsampleType /Bicubic
     /MaxSubsetPct 100
     /MonoImageFilter /CCITTFaxEncode
     /ColorImageDownsampleThreshold 1.5
     /GrayImageFilter /DCTEncode
     /ColorConversionStrategy /sRGB
     /CalGrayProfile ()
     /ColorImageResolution 150
     /UsePrologue false
     /MonoImageResolution 600
     /ColorImageDepth -1
     /sRGBProfile (sRGB IEC61966-2.1)
     /PreserveOverprintSettings true
     /CompatibilityLevel 1.2
     /UCRandBGInfo /Preserve
     /EmitDSCWarnings false
     /CreateJobTicket false
     /DownsampleMonoImages true
     /DownsampleColorImages true
     /MonoImageDict << /K -1 >>
     /ColorImageDownsampleType /Bicubic
     /GrayImageDict << /HSamples [ 2 1 1 2 ] /VSamples [ 2 1 1 2 ] /Blend 1 /QFactor 0.9 >>
     /CalCMYKProfile (U.S. Web Coated (SWOP) v2)
     /ParseDSCComments false
     /PreserveEPSInfo false
     /MonoImageDepth -1
     /AutoFilterGrayImages true
     /SubsetFonts false
     /GrayACSImageDict << /VSamples [ 2 1 1 2 ] /HSamples [ 2 1 1 2 ] /Blend 1 /QFactor 0.76 /ColorTransform 1 >>
     /ColorImageFilter /DCTEncode
     /AutoRotatePages /None
     /PreserveCopyPage true
     /EncodeMonoImages true
     /ASCII85EncodePages false
     /PreserveOPIComments false
     /NeverEmbed [ ]
     /ColorImageDict << /HSamples [ 2 1 1 2 ] /VSamples [ 2 1 1 2 ] /Blend 1 /QFactor 0.9 >>
     /AntiAliasGrayImages false
     /GrayImageDepth -1
     /CannotEmbedFontPolicy /Warning
     /EndPage -1
     /TransferFunctionInfo /Apply
     /CalRGBProfile (sRGB IEC61966-2.1)
     /EncodeColorImages true
     /EncodeGrayImages true
     /ColorACSImageDict << /VSamples [ 2 1 1 2 ] /HSamples [ 2 1 1 2 ] /Blend 1 /QFactor 0.76 /ColorTransform 1 >>
     /Optimize true
     /ParseDSCCommentsForDocInfo false
     /GrayImageDownsampleThreshold 1.5
     /MonoImageDownsampleThreshold 1.5
     /AutoPositionEPSFiles false
     /GrayImageResolution 150
     /AutoFilterColorImages true
     /AlwaysEmbed [ ]
     /ImageMemory 524288
     /OPM 1
     /DefaultRenderingIntent /Default
     /EmbedAllFonts true
     /StartPage 1
     /DownsampleGrayImages true
     /AntiAliasColorImages false
     /ConvertImagesToIndexed true
     /PreserveHalftoneInfo true
     /CompressPages true
     /Binding /Left
>> setdistillerparams
<<
     /PageSize [ 576.0 792.0 ]
     /HWResolution [ 600 600 ]
>> setpagedevice


these transporters have 11 (SLC22A4) or 12 (SLC22A1,
SLC22A2, and SLC22A5) TMDs, and each has a large ex-
tracellular loop carrying potential N-glycosylation sites
(Tamai et al. 1997; Burckhardt and Wolff 2000). Conserved
amino acid motifs reveal a relationship to the sugar trans-
port-facilitator family of molecules (Burckhardt and Wolff
2000).

To investigate in more detail the nature of apparent
genotype/phenotype correlations for some SLCs, we began
by searching for additional single-nucleotide polymor-
phisms (SNPs) in the six genes encoding the transporters
described above, including their promoter regions and
introns except for repetitive elements, and report here a
total of 238 genetic variations, of which 129 have not been
reported before.

Subjects and methods

Total genomic DNAs were isolated from peripheral leuko-
cytes of 48 unrelated Japanese individuals by the standard
phenol/chloroform extraction method, after informed
consent was obtained from each participant. On the basis
of sequence information from GenBank we designed
polymerase chain reaction (PCR) primers to amplify
DNA fragments from all six SLC genes, excluding repeti-
tive elements, by invoking the REPEAT MASKER com-
puter program (http:/ftp.genome.washington.edu/cgi-bin/
RepeatMasker). PCR experiments and DNA sequencing
were performed according to methods described previously
(Tida et al. 2001; Saito et al. 2001; Sekine et al. 2001). All
SNPs detected by the PolyPhred computer program

577

(Nickerson et al. 1997) were confirmed by sequencing both
strands of each PCR product.

Results

Exon-intron boundaries were defined by comparison of
genomic sequences with cDNA sequences; all accession
numbers are listed in Table 1. We screened 96 Japanese
chromosomes for SNPs in these SLC genes by means of
direct DNA sequencing.

Subsequent resequencing of a total of about 109kb of
genomic DNA (13.2kb for the SLCI0AI gene, 23kb for
SLCI5A1, 17kb for SLC22A1, 13.4kb for SLC22A2,
22.9kb for SLC22A4, and 19kb for SLC22A5) identified
213 SNPs and 25 insertion/deletion polymorphisms (Table
2). Figure 1a—f illustrates the location of each variation we
found; detailed information on nucleotide positions and
substitutions is summarized in Table 3a—f. On average, we
identified 1 SNP in every 509 nucleotides. Of the 238 genetic
variations identified in our screening (including insertion/
deletion polymorphisms), 129 (54%) were not reported
previously.

Among the 213 SNPs mapped in our experiments, 8 were
located in 5' flanking regions, 172 in introns, 25 in exons,
and 8 in 3’ flanking regions (Table 4). Among the 25 SNPs
detected in exons, 1 was located in a 5’UTR, 18 were in
coding regions, and 6 were in 3'UTRs. Ten of the 18 SNPs
detected in the coding regions would cause substitution of
amino acids and 4 of those had not been reported before
(Gly419Ala in SLCI5A1, Pro283Leu and Arg287Gly in
SLC22A1, and Gly462Glu in SLC22A4) (Table 5).

Table 1. Accession numbers for the genomic and cDNA sequences used in this study

Accession number

Gene name Chromosomal localization Genomic sequence cDNA sequence
SLCI0A1 14q24.1 AL157789.6 XM_007466.3
SLCI5A1 13q33-q34 AL353574.8 AL391670.6 NM_005073.1
SLC22A1 6q26 AL353625.5 X98332.1
SLC22A2 6q26 AL162582.18 NM_003058.1
SLC22A4 5q31.1 AC008599.6 Y09881.1
SLC22A5 5q31 AC023861.3 AB016625.1 XM_003701.3
Table 2. Summary of genetic variations in six SLC genes

All genetic Insertion/deletion Total base pairs Frequency
Gene variations SNPs polymorphisms Novel sequenced (kb) (bp/1SNP)
SLCI0AI 18 14 4 15 13.2 943
SLCI5A1 57 51 6 38 23.0 451
SLC22A1 33 29 4 22 17.0 586
SLC22A2 32 27 5 12 13.4 496
SLC22A4 58 54 4 30 229 424
SLC22A5 40 38 2 12 19.0 500
Total 238 213 25 129 108.5 (average) 509

SNP, Single-nucleotide polymorphism; SLC, solute carrier
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a Solute carrier family 10, member 1 (SLC10A1)
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Fig. 1. Locations of single-nucleotide polymorphisms (SNPs) in the represent exons; hatching on the chromosomes indicates unsequenced
SLCI0AI (a), SLCI5SAI (b), SLC22A1 (c¢), SLC22A2 (d), SLC22A4 repetitive elements. ATG, initiation codon; TGA, TAG, or TAA, stop
(e), and SLC22A5 (f) genes, indicated by vertical lines. Open boxes codons
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d Solute carrier family 22, member 2 (SLC22A2)
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f Solute carrier family 22, member 5 (SLC22A5)
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Fig. 1a—f. Continued
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Table 3a. Summary of genetic variations detected in the SLCI0AI gene

No. Location Position® Genetic variation NCBISNPID No. Location Position® Genetic variation NCBI SNP ID

1 Exon 1 307 G/A(Thr75Thr) 10  Intron?2 5046 AT

2 Intron1 607 G/C 11 Intron 3 (8-21) (T)1ass

3 Intron 1 702 G/A 12 Exon 4 54 C/T(Ser267Phe)  1s2296651

4 Intron 1 2192 C/IT 1s943277 13 Intron 4 (484-495) (Ao

5 Intronl 2587 C/IT 1$943276 14 Intron 4 (728-754) (A)yso7

6 Intron 1 (3950-3966)  (T)1447 15  Intron 4 747 A/C

7  Intron 1 9597 C/IG 16  Intron 4 1339 C/IA

8 Intron 2 4808 C/T 17 Intron 4 1545 G/C

9  Intron2 5032 G/C 18 3’ Flanking 559 G/A

SLC10A1, Solute carrier family 10, member 1; NCBI, National Center for Biotechnology Information; UTR, untranslated region; del, deletion;

ins, insertion

“For SNPs in the 5’ flanking region, intron, or 3’ flanking region, nucleotide positions are counted from the first intronic nucleotide at the exon/
intron junction (for SNPs in the exon, nucleotide positions are counted from the first exonic nucleotide at the exon/intron junction)

Table 3b. Summary of genetic variations detected in the SLCI5A1 gene

No. Location Position® Genetic variation NCBISNPID No. Location Position® Genetic variation NCBI SNP ID
1 Exonl 25 C/T(5'UTR) 30  Intron 10 388 C/IT
2 Intron 1 88 G/A 31  Intron 10 457 AIG rs1289393
3  Intron1 106 AIT 32 Intron 11 720 G/A rs1289392
4  Intron 1 248 G/A 33 Intron 11 985 C/IT
5 Intron 1 326 C/A 34 Intron 11 (1022-1045)  (T)s004
6  Intron 1 1147 C/A 1s914300 35  Intron 11 1234 C/IT rs1892503
7  Intron 1 1238 C/T 36  Intron 11 1285 T/C rs1289391
8 Intron 1 3001 C/IT 37  Intron 11 1320 C/IT
9 Intron 1 5673 G/C 38 Intron 13 37 C/IT 1s2297319
10  Intron 1 5679 C/IG 39  Exon 16 107 G/C(Gly419Ala)
11  Intron 1 5917 C/IT 40 Intron 16 1414 T/C 151756988
12 Intron 1 5966 C/IT 41  Exon 17 78 T/C(Alad449Ala) 151339067
13 Intron 1 9255 A/IG 42 Exon 17 79 G/A(Vald591le)  rs2274828
14  Intron 1 10278 AIG 43 Intron 18 6048 T/del
15 Intron 1 11945 T/C rs1331251 44 Intron 18 (6141-6142)  T/ins
16 Intron 1 20251 C/IT 45  Intron 18 (6241-6242)  Glins
17  Intron 1 20509 C/A 46  Intron 18 12102 C/IT
18  Intron 1 20532 T/C 47  Intron 18 12104 G/A 1s2802393
19  Intron 3 55 C/del 48  Intron 18 12203 C/A
20 Exon5 105 G/A(Serl17Asn) 1s2297322 49  Intron 18 12307 AIG
21  Intron 5 1720 C/A 50  Intron 20 12 G/A 1s2297318
22 Intron 5 1790 G/A 51  Intron 20 79 AIG
23 Intron 5 1860 G/A 52 Intron 20 417 C/IT 1950906
24 Intron 5 1943 G/A 53 Intron 20 465 AIG 1950905
25  Intron 8 1478 AIG 54  Exon 23 (348-370) (T),505(3'UTR)
26  Intron 8 1898 AIG 55  Exon 23 790 A/G(3'UTR)
27  Intron 9 149 CIG 1s2297321 56  Exon 23 880 G/A(3'UTR) rs1289389
28  Intron 9 221 G/A 1s2297320 57 3’ Flanking 2 G/A
29  Intron 10 153 T/G 11289394

SLC15A1, Solute carrier family 15, member 1

*For SNPs in the 5’ flanking region, intron, or 3’ flanking region, nucleotide positions are counted from the first intronic nucleotide at the exon/
intron junction (for SNPs in the exon, nucleotide positions are counted from the first exonic nucleotide at the exon/intron junction)

Discussion

We identified 238 genetic variations (213 SNPs and 25
insertion/deletion polymorphisms) by screening the entire
genomic regions, except for repetitive sequences, contain-
ing six SLC genes (SLCIOAI, SLCI5A1, SLC22AI,
SLC22A2, SLC22A4 and SLC22A5) in 96 chromosomes
from 48 unrelated Japanese individuals. The polymor-

phisms published here should be useful for examining rela-
tionships between genotypes and susceptibilities to certain
diseases or the efficacy or adverse effects of certain drugs.

The promoter region of the SLCI0AI gene contains po-
tential DN A-binding sites for transcription factors C/EBP
and HNF3/HNF6 (Shiao et al. 2000). Although mutations at
the C/EBP sites markedly reduce transcriptional activity
(Shiao et al. 2000), we found no variations in this region in
our test population.



Table 3c. Summary of genetic variations detected in the SLC22A1 gene
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No. Location Position® Genetic variation NCBISNPID No. Location Position® Genetic variation NCBI SNP ID
1 Exon 1 228 T/C(Ser52Ser) rs1867351 18  Exon 6 68 C/T(Pro341Leu)  rs2282143
2 Intron 1 7715 G/T 19 Intron 6 379 A/G
3 Exon2 69 C/G(Phel60Leu) rs683369 20 Intron 6 2125 C/IA
4 Intron 2 97 G/A 21  Intron 6 (2935-2953) (T)150
5 Intron2 797 CIG 22 Intron7 (6-7) TGGTAAGT/ins
6  Intron 2 1015 T/G rs614890 23 Intron 7 (1780-1781) T/ins
7 Intron 2 1768 T/C 24 Intron 8 3247 G/T
8 Intron 3 1244 C/T 25 Intron 8 4215 T/C 1654993
9  Intron 4 865 G/T 26  Intron 8 4316 G/A rs2197296

10  Intron 4 990 C/IT rs806383 27  Intron 8 10521 G/A

11 Intron 4 1028 A/G 28 Intron 9 43 C/T 12297374

12 Intron 4 1040 T/G 29  Intron 10 393 G/C

13 Intron 4 1485 C/T 30 Intron 10 2421 C/T 1622591

14 Intron 4 1997 G/A 31 3’ Flanking 1627 G/A rs651164

15 Exon 5 9 C/T(Pro283Leu) 32 3’ Flanking 1755 T/C

16  Exon 5 20 C/G(Arg287Gly) 33 3’ Flanking 1799 G/del

17 Intron 5 149 G/A 152282142

SLC22A1, Solute carrier family 22, member 1

*For SNPs in the 5’ flanking region, intron, or 3’ flanking region, nucleotide positions are counted from the first intronic nucleotide at the exon/
intron junction (for SNPs in the exon, nucleotide positions are counted from the first exonic nucleotide at the exon/intron junction)

Table 3d. Summary of genetic variations detected in the SLC22A2 gene

No. Location Position® Genetic variation NCBISNPID No. Location Position® Genetic variation NCBI SNP ID
1 Exon 1 534 G/T(Thr130Thr)  rs624249 17 Intron 9 —529 AT rs316006
2 Intron 1 883 A/C 1638360 18 Intron 9 —444 G/A rs316005
3 Intron 2 32 C/IG 152774230 19 Intron 9 —396 A/IG
4 Intron 2 1329 G/del 20 Intron 9 —386 A/C
5 Intron 2 1867 C/del 21 Intron 9 —337 A/C rs316004
6 Intron 2 1882 G/A rs316009 22 Intron 9 —86 Aldel
7 Intron 2 5909 C/A rs152275 23 Exon 10 5 G/A(Val502Val)  rs316003
8 Intron 3 80 G/A rs316016 24 Intron 10 1725 G/A
9 Intron 3 1047 G/A rs316017 25 Intron 10 -225 AIT rs2450973

10 Intron 3 1086 C/IT rs316018 26 Intron 10 -215 C/T rs2450974

11 Intron 4 1859 T/C 1s2279463 27 Intron 10 —-195 C/T

12 Intron 5 175 G/A rs316021 28 Exon 11 328 T/del(3'UTR)

13 Intron 6 115 G/C rs167217 29 Exon 11 427 A/T(3'UTR)

14 Intron 7 421 C/T rs315993 30 Exon 11 455 G/A(3'UTR)

15 Intron 9 (340-343) CTCT/del 31 3’ Flanking 34 T/A

16 Intron 9 363 T/G rs315990 32 3’ Flanking 62 A/IC rs2450975

SLC22A2, Solute carrier family 22, member 2

“For SNPs in the 5’ flanking region, intron, or 3’ flanking region, nucleotide positions are counted from the first intronic nucleotide at the exon/
intron junction (for SNPs in the exon, nucleotide positions are counted from the first exonic nucleotide at the exon/intron junction)

Among the four novel nonsynonymous polymorphisms,
one, Gly419Ala in SLCI5AI, was located in the large
extracellular loop that carries potential N-glycosylation
sites (Liang et al. 1995; Covitz et al. 1998). On the other
hand, two polymorphisms in SLC22A1, Pro283Leu and
Arg287Gly, were located in the intracellular loop that car-
ries potential phosphorylation sites for protein kinase C
(Zhang et al. 1997). The fourth, Gly462Glu, was located in
a TMD of SLC22A4. Any of these four polymorphisms
could have phenotypic consequences.

Comparison of amino acids in the four organic ca-
tion transporters (SLC22A1, SLC22A2, SLC22A4, and

SLC22A5) revealed conservation of 4 cysteines (Cys), 13
prolines (Pro), 3 aspartic acids (Asp), 6 glutamic acids
(Glu), and 7 arginines (Arg). These residues are thought
to maintain secondary structures of proteins and/or bind
charged substrates (Burckhardt and Wolff 2000). The
two nonsynonymous SNPs in SLC22A1, Pro283Leu and
Arg287Gly, involved conserved residues, suggesting that
these polymorphisms could be associated with altered
susceptibility to certain diseases.

All data for the genetic variations reported here
are available through our website (http:/snp.ims.u-
tokyo.ac.jp/).
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Table 3e. Summary of genetic variations detected in the SLC22A4 gene

No. Location Position® Genetic variation NCBISNP ID No. Location Position® Genetic variation NCBI SNP ID
1 5’ Flanking —987 AIG 15162887 30 Intron 4 1055 G/A
2 5’ Flanking —380 CIG 15460089 31 Intron 4 2071 G/C 15273915
3 5'Flanking —90 G/C 15460271 32 Intron 4 2383 A/T 1s273914
4  Intron 1 6602 C/IT 33  Exon5 93 C/T(Thr306lle) 1s272893
5 Intron1 6631 AIG 15270612 34 Intron 5 (1197-1202) ACAACA/del
6  Intron 1 6790 C/IT 35 Intron 5 (2071-2083)  (T)y113
7  Intron 1 14019 G/A 36  Intron 5 2282 AIG 1s272889
8 Intron 1 14136 T/C 37 Intron 5 2327 C/T 15272888
9 Intron 1 14266 G/T 38 Intron 5 2617 G/A 1s272887
10  Intron 1 14412 C/IT 39 Intron 5 2744 T/C 15272886
11  Intron 1 15776 G/A 40 Intron 5 2781 G/A
12 Intron 1 15817 A/G 41  Intron 5 4257 A/G 1273909
13 Intron 1 15889 G/A 42 Intron 6 5 G/A 1s2304081
14 Intron1 16063 AIG 43 Intron 6 (882-917) (AC)y5.55
15  Intron 2 1105 C/A 44 Intron 6 924 A/IC
16  Intron 2 1229 AIG 1s270607 45  Intron 6 1111 G/C 15272884
17  Intron 2 1265 G/A 152073838 46  Intron 6 1155 G/A 15272883
18  Intron 3 784 C/IT rs2073839 47  Exon7 136 C/G(Thr394Thr) rs272879
19  Intron 3 1022 T/C 48  Intron 7 511 T/C
20  Intron 3 1217 G/A 49  Exon8 124 G/A(Gly462Glu)
21 Intron 3 1406 A/G 15270606 50  Intron 8 76 C/T 1s272878
22 Intron 3 1596 G/A 51 Intron 8 3514 G/A
23 Intron 3 1720 G/A 52 Intron 8 3715 G/A 1272873
24 Intron 3 2104 G/A 53  Intron 8 3902 T/C
25 Intron 3 7056 AIG 1s272842 54  Intron 8 (4064-4089)  (T)y506
26 Intron 3 7239 T/C 1270602 55  Intron 8 4171 G/A 15272872
27  Intron 3 7536 T/C 1s270601 56  Intron 8 4288 C/T 1s2306772
28  Intron 3 8323 G/C 57 3’ Flanking 115 T/A
29  Intron 4 926 G/T 58 3’ Flanking 1177 G/A 15272867

SLC22A4, Solute carrier family 22, member 4
*For SNPs in the 5’ flanking region, intron, or 3’ flanking region, nucleotide positions are counted from the first intronic nucleotide at the exon/
intron junction (for SNPs in the exon, nucleotide positions are counted from the first exonic nucleotide at the exon/intron junction)

Table 3f. Summary of genetic variations detected in the SLC22A5 gene

No. Location Position® Genetic variation NCBISNPID No. Location Position” Genetic variation NCBI SNP ID
1 5'Flanking —225 C/IT 21  Intron2 608 C/A
2 5’ Flanking —178 G/C 1s2631369 22 Intron 2 2733 C/IG rs183898
3 5’ Flanking —147 T/G 152631368 23 Intron 2 4037 C/G 1274562
4  5'Flanking —124 G/T 24 Intron 2 4370 G/A
5 5’ Flanking —13 C/IG 25 Intron 3 77 G/A 15274559
6 Exonl 506 C/T(Leu95Leu) 152631365 26 Intron 3 270 A/IG 1635620
7 Intron 1 232 G/A 27 Intron 3 272 G/A 1635619
8 Intron 1 314 Cc/T 28  Exon4 155 G/A(Leu269Leu) 15274558
9 Intron1 1048 G/A 152631363 29  Intron 4 13 Cc/T 1s274557
10 Intron 1 1246 A/IG 12631362 30 Intron 5 445 T/C 12073643
11 Intron 1 1333 A/C 152631361 31 Intron 5 446 T/A 152073644
12 Intron 1 1845 C/T 12631359 32 Intron 5 969 Cc/T
13 Intron 1 2488 C/A 1671473 33 Intron 6 101 A/IG 12073645
14 Intron 1 5055 G/A 34 Intron 6 1119 C/IG 15274553
15 Intron 1 6080 A/IG 15274571 35 Intron 7 1084 Cc/T rs274551
16 Intron 1 6437 G/C 36 Intron 8 812 C/A 1s274549
17 Intron 1 7181 Cc/T 15274570 37 Intron 9 188 T/C 152074610
18  Intron 1 7727 C/T 152073642 38  Exon 10 931 T/C(3'UTR) 1s274548
19  Intron 2 (173-174) TC/del 39  Exon 10 (1028-1044) (T),,.45(3'UTR)
20  Intron 2 239 T/C 15274567 40  Exon 10 1428 T/A(3'UTR) 15274547

SLC22AS5, Solute carrier family 22, member 5
*For SNPs in the 5’ flanking region, intron, or 3’ flanking region, nucleotide positions are counted from the first intronic nucleotide at the exon/
intron junction (for SNPs in the exon, nucleotide positions are counted from the first exonic nucleotide at the exon/intron junction)
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Exon
Coding
Gene 5’ Flanking Intron 3’ Flanking 5" UTR Nonsynonymous Synonymous 3" UTR Total
SLCI0AI 0 11 1 0 1 1 0 14
SLCI5A1 0 43 1 1 3 1 2 51
SLC22A1 0 22 2 0 4 1 0 29
SLC22A2 0 21 2 0 0 2 2 27
SLC22A4 3 46 2 0 2 1 0 54
SLC22A5 5 29 0 0 0 2 2 38
Total 8 172 8 1 10 8 6 213
UTR, untranslated region
Table 5. Novel SNPs detected in exons of six SLC genes
Region Gene Location Position SNP
5" UTR SLCI5A1 Exon 1 25 CIT
Coding
Nonsynonymous SLCI5A1 Exon 16 107 G/C(Gly419Ala)
SLC22A1 Exon 5 9 C/T(Pro283Leu)
Exon 5 20 C/G(Arg287Gly)
SLC22A4 Exon 8 124 G/A(Gly462Glu)
Synonymous SLCI0AI Exon 1 307 G/A(Thr75Thr)
3" UTR SLCI5A1 Exon 23 790 AIG
SLC22A2 Exon 11 427 A/T
Exon 11 455 G/A
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