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Abstract Highly dense catalogs of human genetic varia-
tions, in combination with high-throughput genotyping
technologies, are expected to clarify individual genetic dif-
ferences in pharmacological responsiveness and predisposi-
tions to common diseases. Here we report single-nucleotide
polymorphisms (SNPs) present among 48 Japanese indi-
viduals at the locus for the human ATP-binding cassette
transporter Al (ABCAI) gene. ABCALI plays a key role in
apolipoprotein-mediated cholesterol transport, and muta-
tions in this gene are responsible for Tangier disease and
familial high-density lipoprotein deficiency associated with
reduced cholesterol efflux. We identified a total of 162
SNPs, 149 of which were novel, within the 150-kb region
encompassing the entire ABCAI gene. Eight of the SNPs
lie within coding elements, two in 5’ flanking regions, 147 in
introns, and five in 3’ untranslated regions, but none were
found in 5’ untranslated or 3’ flanking regions. The ratio of
transitions to transversions was approximately 2.37 to 1.
Our dense SNP map of this region could serve as a powerful
resource for studies of complex genetic diseases that may be
associated with ABCAI and of individual responses to drug
therapy.
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Introduction

The human ATP-binding cassette transporter A1 (ABCAI)
gene encodes a 247-kDa membrane protein with two
separate transmembrane portions, each consisting of six
membrane-spanning domains and a nucleotide-binding
fold. The regulatory domain contains a highly hydrophobic
segment and is expressed on the plasma membrane and the
Golgi complex (Luciani et al. 1994; Orso et al. 2000). Func-
tional analyses of ABCA1 have revealed roles in (1) regula-
tion of the apolipoprotein Al-dependent cellular export of
cholesterol and phopholipids (Langmann et al. 1999; Oram
2000); (2) engulfment of apoptotic cells by macrophages
(Luciani and Chimini 1996; Hamon et al. 2000); (3) secre-
tion of macrophage interleukin-1 beta (Hamon et al. 1997);
and (4) caveolar processing (Orso et al. 2000). The genomic
sequence at the ABCAI locus that has been determined so
far includes 1453bp of the promoter region, 146,581bp of
introns and exons, and 1000bp of DNA downstream of the
polyadenylation signal (Santamarina-Fojo et al. 2000). The
gene itself consists of 50 exons ranging from 33 to 245bp.
Relationships between ABCAI gene and human
dyslipidemic diseases have been investigated intensively;
mutations of ABCAI gene can be found in patients with
Tangier disease and in persons with familial high-density
lipoprotein (HDL) deficiency associated with reduced cho-
lesterol efflux (Bodzioch et al. 1999; Brooks-Wilson et al.
1999; Marcil et al. 1999; Rust et al. 1999). Recently Clee
et al. (2001) isolated 16 single-nucleotide polymorphisms
(SNPs) from coding elements of the ABCAI gene and re-
vealed that some are associated with altered plasma lipid
levels and risk of coronary artery disease.

Variations in genes that encode drug-transporter and
drug-metabolizing enzymes may be associated with suscep-
tibility to common diseases and with differences in thera-
peutic efficacy and side effects of drugs among individual
persons, because some variations can alter the activity of a
gene product with respect to quality, quantity, or both.
Therefore, information concerning naturally occurring
genetic variants in human transporter genes such as ABCAI
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Table 1. Characterization of 162 single-nucleotide polymorphisms (SNPs) within the ABCAI locus

Repetitive Identity
Number Location Exon SNP (5’ to 3") Substituion sequence to dbSNP Reference
1 —278 G > C 5' flanking region GIC 151800976
2 —99 G > C 5’ flanking region acat GIC
3 159 G > T intron 1 geggtgttaaat G/T atgtect g
4 506 G > Cintron 1 gcteece G/C g
5 5897 T > G intron 1 ttagettt T/G ttaagacce
6 5929 C > T intron 1 tt aaatge C/T t
7 5962 T > Cintron 1 aagctct! TIC t tgaaa
8 5985 A > Cintron 1 aagttgaaagt A/C tetetttactt
9 11416 G > A intron 1 tt ttatagga G/A tgtgtet
10 11935 G > A intron 1 tetctgtggageaaatagag G/A getgtetgacacttggttee
11 12281 T > A intron 1 gaatgtttgatttgtgaaaa T/A cttaataacagtagtttttt
12 12924 T > Cintron 1 gtgctgacaatcttatacte T/C aggttgaacctecggggaag
13 13002 C > G intron 1 tet C/G tetag gaagttaa
14 17715 C > T intron 1 ttgtggaag C/T cteteetet
15 17848 T > C intron 1 t T/C gat
16 21384 G > Cintron 1 gtgggtgggaggaattggag G/C aggaagcttgectaagtgtg
17 22145 C > G intron 1 gtaget C/G tgattect t 151340361
18 23063 G > A intron 1 G/A
19 23131 G > A intron 1 agtgtgcatatgtgctgace G/A tgggagcttgtttgtcggtt
20 156 T > C intron 2 gtgtggte T/C steocttat 151078143
21 384 A > G intron 2 getgt ta A/G tagagatc 51078144
22 1081 G > A intron 2 agtgeagecaaaattgeaaa G/A teataccattcaaattaata 15752187
23 2801 A > G intron 2 ttatttca A/G gt tgt
24 2830 C > G intron 2 tgcttagattgttagagttg C/G aaagatctggettgeatett
25 2856 A > G intron 2 tgtaca A/G ct;
26 3187 A > G intron 2 tgatagetgttgectgeage A/G tacggacgttcattgegeag
27 3190 C > T intron 2 tagetgttgectgeageata C/T ggacgttcattgegeagtte
28 3194 C > T intron 2 tgttgectgeageatacgga C/T gttcattgegeagttectgt
29 3204 G > A intron 2 teattge G/A
30 3401 T > Cintron 2 acat getge T/C
31 13927 A > G intron 2 A/G tgctaagg, L2
32 4163 G > A intron 3 teatettace G/A tagagtat
33 4262 T > Cintron 3 t TIC ttctgettag
34 4306 C > T intron 3 tetccaa C/T g
35 240 G > A intron 5 G/A tgg 11107281
36 490 G > A intron 5 gatgggcatttgaacttgtt G/A tctttaaaaagtgaaatctt
37 583 T > G intron 5 t gggcattt T/G tggetge
38 1051 C > T inton 5 ggct gettte C/T' t
39 3051 G > A intron 5 tagagaacaagtctaattct G/A ttttecttgaaatagtcgaa
40 3127 A > G intron 5 aagtccatgattttttagge A/G aaatggcctectttectett
41 5924 C > T intron 5 ctttett tgee C/T t
42 6831 T > Cintron 5 tgeca T/C tgcttat
43 12678 G > Cintron 5 GIC
44 14214 G > A intron 5 caget GIA
45 14257 C > T intron 5 getggt tggte C/T gtgge
46 18078 C > T intron 5 g CIT tgttgact
47 18795 G > A intron 5 ¢ G/A ccagct
48 18948 G > A intron 5 geattggt G/A catat L2
49 19053 T > C intron 5 cteceecaacattaaaagtg T/C aagggatgcttattcaaatg MERSA
50 19148 C > A intron 5 ttt C/A MERSA
51 19229 C > T intron 5 atgctaacagt CIT at
52 19405 T > Cintron 5 cttgctcaatttattctgtc T/C atataactcaatattactga
53 19534 G > A intron 5 catgtgaccctcttagetce G/A cggattaactectgtectea
54 474 G > A coding region 6 tect G/A Leu 158 Leu
55 210 A > Cintron 6 geaacctggegteatgggee A/C getggttaaaataaaattga
56 334 G > A intron 6 acagttctgaggeaataace G/A tggttaagggttattgatct
57 2288 C > T intron 6 cttctttcaaagettgtggt C/T cactggaccacgtatgaagt
58 2322 T > Cintron 6 atgaagtagaatagtttagg T/C ccagaaaggcaattaagtaa
59 2820 T > G intron 6 gtgctttgatacattetgag T/G ttcagtaaagagacctgatg
60 656 G > A coding region 7 tgagcetttgtggectaccaa G/A ggagaaactggetgeageag Arg 219 Lys Clee et al. 2001
61 416 G > A intron 7 tgt G/A gact, ogaaggc
62 471 C > T intron 7 ttagetta C/T tt tgcaaag
63 504 G > A intron 7 tt tecgac G/A aagttttt
64 679 G > Cintron 7 getetggtgaaattectete G/C ctaccccaaacatcatcatt
65 1740 C > T intron 7 acaaatgctcaccetttcag C/T tggaatgattgaaattttgg
66 2122 A > G intron 7 tgat acc A/G ggtgcett
67 7753 T > C intrion 7 taggaattccaagetgtgaa T/C tttttactgaagetctttgg
68 8973 A > T intron 7 atggaaatttgtttatattg A/T ctacagattgccaatattat
69 8976 A > G intron 7 gaaatttgtttatattgact A/G cagattgccaatattattag
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Repetitive Identity
Number Location Exon SNP (5’ to 3") Substituion sequence to dbSNP Reference
70 11327 G > Cintron 7 ctaacaatcttatttccatt G/C agtccttataaaagaagtgg
71 11738 C > T intron 7 ctgacgtt CIT gtaggtccettt
72 12295 T > A intron 7 agtctgtaaattattgttct T/A ttttttctttagettatget
73 387 C > G intron 8 ta C/G tgctaac
74 697 A > T intron 8 A/T geat
75 1312 G > A intron 8 att GIA gteecttgtte 151175929
76 3036 T > G intron 8 ctttat tt T/G tttttttgat
77 3176 C > A intron 8 aaatggectggttctetgte C/A cetttetgtetgtatgeete
78 3364 A > T intron 8 tagg A/T
79 3373 G > A intron 8 caaagcttaggacctagaga G/A tgctggaccacgecactcac
80 3561 C > A intron 8 cagggatttattaatgattt C/A ttgtgaaatgtttggaaata
81 3654 T > Cintron 8 acatttgea T/C geetg
82 4715 C > T intron 8 CIT geatt
83 936 C > T coding region 9 cgtat CIT Pro 312 Pro
84 2309 A > G intron 9 ccectcaagagtcagtttaa A/G tgttggtcatgttagttgte
85 2392 T > Cintron 9 atgggagggcttgtgcttca T/C gaaaacatttttccagatca
86 228 A > G intron 10 AIG
87 319 C > T intron 10 t ggcteee C/T
88 377 A > Cintron 11 AlC tacatgtagac
89 521 G > Aintron 11 tgg G/A ttcaaatgt
90 2850 G > Cintron 11 ctet tatget G/C ccat
91 2976 A > G intron 11 ctccaattcggtagaaccag A/G gettcatcttetetgtegaa
92 3056 C > T intron 11 gttt tttte C/T
93 340 T > Cintron 12 gcattatt ta T/C tegggtee
94 381 A > G intron 12 aattaaatttttgaaatttt A/G tattaaaaattatattagta
95 1728 C > T intron 14 tggee C/IT g
96 2040 C > A coding region 15 atgggectggacaacageat C/A ctetggtttagetggttcat Tle 680 Ile
97 1382 G > A intron 15 cttt tac G/A tgggatat
98 1453 G > A intron 15 tat t G/A aaattacctat
99 1567 G > A intron 15 ttetgegtagttttgggtaa G/A tcacttatcttctttaggat MIR
100 1617 T > A intron 15 cagt! T/IA t MIR
101 95T > A intron 16 agt gat T/A gtettt
102 452 G > A intron 16 tggtgttttgettgagtaat G/A ttttctgaactaagcacaac
103 657 T > C intron 16 ctgttg T/IC
104 2473 G > A coding region 17 getteaatetcaccactteg G/A tetccatgatgetgtttgac Val 825 Ile Clee et al. 2001
105 2649 A > G coding region 18 ggt AIG tg Ile 883 Met Clee et al. 2001
106 1730 C > G intron 18 tgaaagti CIG ctgtgtceet
107 426 A > G intron 19 aggaccttacagtgggtagt A/G tcaggaggggtcaggggetg
108 468 A > G intron 19 tageete A/G gtgget tee
109 876 C > T intron 20 CIT gtgcagg
110 118 T > G intron 22 catgggatactcttctgtta T/G cacagaagagataaagggea
111 560 G > A intron 22 aaagctttgecattctaggg G/A tcatagecatacagggtgaa
112 102 A > G intron 23 accccttttgecatgttgaa A/G ccaccatctecctgetetgt
113 287 C > T intron 23 tgt C/T tgget
114 1063 G > A intron 23 acctt G/A aggctgt
115 321 T > G intron 25 ctetttactf ¢ TIG MERSA
116 376 G > Cintron 25 gttagaaat G/IC ga MERSA
117 478 C > T intron 25 C/T gtttatggat
118 579 G > T intron 25 tcatttaat! GIT at,
119 153 C > T intron 27 tgtt C/T tt
120 1058 C > T intron 28 CIT tatggt tgga
121 1317 C > T intron 28 9 gttctgagt C/T accct at
122 372 T > C intron 30 tatatgatttttaggttttg T/C ttatcagettcttegetttt
123 506 A > G intron 30 cetttt AIG
124 1033 G > C intron 30 ctggatt G/C attt tat
125 4281 G > A coding region 31 tetteectt G/A Thr 1427 Thr
126 626 C > T intron 33 gectecttgttactgattte C/T gtettttetetetgeetttt
127 719 G > A intron 33 agaa G/A ggagecg ata
128 726 G > A intron 33 G/A
129 889 A > G intron 33 ctt AIG
130 1097 G > C intron 33 ctgtg steteg G/C ttt tet
131 4760 G > A coding region 35 tat G/A aaat aaal Arg 1587 Lys Clee et al. 2001
132 234 T > Cintron 35 aacct T/IC MIR
133 411 C > T intron 37 aactc tatcag C/T agcti tgcaa
134 1224 A > G intron 37 caggcataggtgattcagag A/G tgaaaggtcaagtcectgaa 12
135 1720 G > T intron 37 aaattaaaat GIT tcagtaag
136 251 T > G intron 40 agtg T/G tatttgct 9
137 252 T > Cintron 40 agtgt T/C att
138 319 A > G intron 40 agcactggaaaagtcaaacc A/G taactttgagaattaggtga
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Table 1. Continued

Repetitive Identity
Number Location Exon SNP (5’ to 3") Substituion sequence to dbSNP Reference
139 957 G > C intron 40 cttgttactcttttttectt G/C tcatgggtgatagecatttg
140 146 C > T intron 41 tgatgt CIT cectecct gga
141 239 A > Cintron 42 cattggttttatatgcttac A/C tttatgtgttagttattaaa
142 321 T > A intron 42 aataaatggttgattttgag T/A ttgagtttcatagtccaaaa
143 322 T > Cintron 42 tgattttgagt T/C tgagtttcat
144 533 G > A intron 42 agatgaaaaattatgtagat G/A ataatgaatgatacggttct
145 546 A > G intron 42 t gaatgat A/G cggtt t
146 739 T > A intron 43 t taaaatgg T/A cccattat t
147 18 T > Cintron 44 taggt T/C tgtattttget
148 264 T > C intron 44 acaatataatttgcttgttt T/C ttaagagtataatttagtga L1IMB8
149 279 T > C intron 44 tgttttttaagagtataatt T/C agtgatttttggtaaattga LIMBS8
150 508 C > T intron 44 tttacatt cT tgtacatgtaccta
151 1477 A > T intron 44 gtetett A/T catttt ot
152 1665 G > A intron 44 tggttgtaagaactgatttg G/A ttggtatagetgtgagggee
153 1956 T > G intron 44 gtgttgetcacactcaaaat T/G tetgggectteteatttggt
154 68 T > C intron 45 aatatataccttatggcettt T/C ccacacgcattgacttcagg
155 608 G > C intron 46 ttatactgacttcaatagag G/C tttcagacaaaaagttgttt
156 336 T > Cintron 47 ttcacaattgt T/IC LIMD2
157 55 G > Cintron 49 agggtgtggat G/IC o 151331924
158 7479 C > T 3’ untranslated region 50 tete C/T tggtic
159 8226 C > T 3’ untranslated region 50 aacaata C/T teeetttttt
160 8682 G > A 3' untranslated region 50 aacttettecacttttcca G/A aatttgaatattaacgctaa 15363717
161 8697 C > T 3’ untranslated region 50 ttccagaatttgaatattaa C/T getaaaggtgtaagacttca
162 9097 A > G 3’ untranslated region 50 aactattt A/G acattt tgaa

Nucleotide numbering is according to the mutation nomenclature (den Dunnen and Antonarakis, 2000)

Table 2. Characterization of insertion/deletion polymorphisms at the ABCAI locus

Number Location Variations (5' to 3')

1 (—1033)—(—1032) ins AT 5’ flanking region tgacttaaatatttagacat (AT/+) ggtgtgtaggcctgcattce
2 6368 del C intron 5 ttetgatggggttgttgctg (C/—) tgagaatcatgactgggteg
3 9709 del T intron 5 cattttctgtctgaaccece (T/—) cacccattcaggcagetget
4 13816 del T intron 5 teectacttetecttttttt (T/—) catttgectectecacecac

5 270-271 ins G intron 10 cttttcagggaggagecaaa (G/+) cgetcattgtctgtgcttet
6 611-612 ins C intron 20 tttagcecatectcteecee (C/+) gecacectecttattgagge

7 391-392 ins T intron 32 gagtgecttgggtactctet (T/+) gatgggggactccatgataa
8 847 del C intron 37 gctgtatattgtgaatgtee (C/—) gttttcaaaagcaaagecaa

Nucleotide numbering is according to the mutation nomenclature (den Dunnen and Antonarakis, 2000)
(+), insertion polymorphism; (—), deletion polymorphism

is an important resource for understanding not only the
etiology and risk of some diseases, but also the pharmacoki-
netics or pharmacodyamics of drugs used to treat them. We
have focused on identifying variations in genomic regions
that contain drug-metabolizing enzymes, and so far have
isolated 1066 SNPs among 71 such loci (lida et al. 2001a,b;
Saito et al. 2001; Saito et al., in preparation; Sekine et al.
2001). We report here a total of 162 SNPs spanning the
entire ABCAI genomic region, detected among 96 chromo-
somes in a Japanese population sample.

Subjects and methods

DNA samples, PCR, direct sequencing, and
detection of SNPs

Blood samples were obtained with informed consent
from 48 healthy Japanese individuals for this study, which

was approved by the ethical committee of the RIKEN
SNP Research Center. On the basis of ABCAI-genomic
sequences  (accession numbers  AF275948.1 and
AL359846.11), released from the GenBank database,
and information published by Remaley et al. (1999) and
Santamarina-Fojo et al. (2000), we designed primers to
amplify the ABCAI gene in its entirety as well as up to 2kb
upstream from the first exon and downstream of the last
exon. We eliminated most of the regions corresponding
to repetitive sequences predicted by the RepeatMasker
program (http://ftp. genome.washington.edu/cgibin/
RepeatMasker). Genomic DNA extraction, polymerase
chain reaction (PCR) experiments, and DNA sequencing
were performed according to methods described previously
(Ohnishi et al. 2000). Each PCR was performed 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 highly dense SNP map covering the
150-kb genomic region that contains the entire human
ABCAI gene. A total of 91 partially overlapping PCR frag-
ments, covering 57.4% of the 150-kb ABCAI gene locus,
were sequenced using 364 primers. The organization of the
ABCAI gene and locations of identified SNPs are illustrated
schematically in Fig. 1. A total of 162 SNPs were identified:
eight were located in coding elements, two in the 5’ flanking
region, 147 in introns, and five in the 3’ untranslated region
(Table 1; also see Fig. 1). No SNP was detected in the 5’
untranslated or 3’ flanking regions. Comparison of our data
with SNPs deposited in the dbSNP database in the National
Center for Biotechnology Information (NCBI, U.S.) and an
earlier report (Clee et al. 2001) indicated that 149 (94%) of
the SNPs identified in this study could be considered novel.
As a whole, 154 of the 162 SNPs identified (95.0%) were
located within 79.4kb of DNA representing noncoding
exons, introns, and resequenced flanking regions (1SNP/
516bp), whereas only 8 SNPs were present in 6783 bp of the
coding DNA screened (1SNP/848bp). Therefore, the fre-
quency of SNPs in noncoding portions of the ABCAI gene
was 1.64-fold higher than in coding elements. Frequencies of
the substitutions were 35.8% for A/G, 34.6% for C/T,11.7%
for C/G, 6.8% for G/T,6.2% for A/T,and 4.9% for A/C. The
ratio of transitions to transversions was approximately
2.37 to 1. The higher prevalence of A/G substitutions and
the transition/transversion ratio are both in close accord
with previous observations (Cambien et al. 1999; Tida et al.
2001a,b; Venter et al. 2001). In addition to SNPs, we
identified eight novel insertion/deletion polymorphisms
within introns of the ABCAI gene (Table 2).

Among 13 SNPs identified in exonic regions, the 4 non-
synonymous sites that we found in coding elements had been
reported previously (Clee et al. 2001). Although the fre-
quency of the coding SNPs, particularly nonsynonymous
ones, was very small, they would be likely to influence
protein function. In fact, it is reported that the R219K
substitution is associated with a decreased severity of athero-
sclerosis, a decreased risk of coronary events, decreased
triglycerides, and a higher level of HDL cholesterol (HDL-
C) in plasma (Clee et al. 2001). Moreover, since the regula-
tory elements for gene expression are contained in 5’
promoter regions and introns and occasionally in 3’ flanking
regions, SNPs within those regions may affect the quantity of
the gene product. In light of recent progress in understanding
the biomedical features of ABCAI, the SNPs documented
here will be useful not only for studying associations between
specific SNPs and some coronary diseases, but also for deter-
mining the applicability of pharmacogenomic information to
medical practice.
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