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Common and Rare ABCAL Variants Affecting
Plasma HDL Cholesterol

Jian Wang, John R. Burnett, Susan Near, Kue Young, Bernard Zinman, Anthony J.G. Hanley,
Philip W. Connelly, Stewart B. Harris, Robert A. Hegele

Abstract—Mutations inABCA1, a member of the ATP-binding cassette family, have been shown to underlie Tangier
disease (TD) and familial hypoalphalipoproteinemia (FHA), which are genetic disorders that are characterized by
depressed concentrations of plasma high density lipoprotein (HDL) cholesterol. An important question is whether
common variants within the coding sequenceA&CAlcan affect plasma HDL cholesterol in the general population.

To address this issue, we developed a screening strategy to find coMB@AL variants. This strategy involved
long-range amplification of genomic DNA by using coding sequences only, followed by deep sequencing into the
introns. This method helped us to characterize a new set of amplification primers, which permitted amplification of
virtually all of the coding sequence 8BCAland its intron-exon boundaries with a single DNA amplification program.
With these new sequencing primers, we found 3 no&&CA1l mutations: a frameshift mutation (4570insA,
A1484S—X1492), a missense mutation (A986D) in a TD family, and a missense mutation (R170C) in aboriginal
subjects with FHA. We also used these sequencing primers to characterize 4 novel common amino acid variants in
ABCAL, in addition to 5 novel common silent variants. We tested for association ABGA11/M823 variant with
plasma HDL cholesterol in Canadian Inuit and found that M823/M823 homozygotes had significantly higher plasma
HDL cholesterol compared with subjects with the other genotypes. The results provide proof of principle of the
effectiveness of this approach to identify both rare and comARGAlgenomic variants and also suggest that common
amino acid variation ilrABCALlis a determinant of plasma HDL cholesterol in the general populatimerioscler
Thromb Vasc Biol. 2000;20:1983-1989.)

Key Words: DNA m geneticam complex diseasa susceptibilitym aboriginal

M utations in the gene encoding ATP-binding cassette date gene for the determination of plasma HDL cholesterol
transporter 1 (ABCA1) have been reported in patients concentration in the general population.

with Tangier disease (TD);?an autosomal recessive disorder To this point, common variants and polymorphisms in
characterized by extremely depressed plasma concentrationABCAland their potential association with plasma concentra-
of HDL cholesterol, abnormal deposition of cholesteryl esters tions of HDL cholesterol have not been reported. To identify
in the reticuloendothelial system, and disordered cellular common genomic variants RBCA1for association studies, we
cholesterol efflux. ABCA1has been shown to regulate the applied a genomic screening strategy under a single set of
apolipoprotein- (apo) mediated lipid removal pathway from amplification primers, which would amplify almost all of the
cellsé and both TD patients and mice with a disruptdastal ~~ ABCAlcoding sequence by using the same amplification con-
gene have defective transport of lipids from the Golgi to the ditions. Using these primers to sequence genomic DNA, we
p|asma membranéFurthermore, mutations iIABCA1have discovered 2 new TD mutations, 1 new FHA mutation, and
been found in some patients with familial hypoalphalipopro- Many common variants iIABCAL, 1 of which was associated
teinemia (FHA) a relatively more common disorder than With variation in plasma HDL cholesterol.

TD. Cellular cholesterol efflux appears to be abnormal in

some patients with FHA due to mutakBCAL1, but there is no Methods

obvious tissue deposition of cholesterol esters, and the low Subjects

plasma HDL cholesterol concentrations demonstrate an ap-1p Kindred

parent autosomal codominant pattern of expressi®BGAL The proband in the TD family (the Figure; subject 1l-4) was
mutation carrier8. Therefore, ABCAlis an attractive candi- previously reported to have severe aortic stenosis, associated with
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a. that were shown to have sufficient heterozygosity or information
content, thus ensuring sufficient numbers of subjects with each

i] Qj ‘) i] i] genotype for parametric statistical analysis.
w

Ij Determining the Intron-Exon Boundaries
. [ 2w [T (TR of ABCAL
-1 2 1 -2 -4 5 |- . .
e e e e Genomic DNA was isolated from the whole blood of all study

subjects by using an established method (Puregene, Gentra Systems).
: Long-distance polymerase chain reaction (LPCR) amplification was
:gﬁ;:;",:;om 009277 11105(; 3:24?5 112’910 322:5 ;:315 0%7;, 1147;)5 performed to identify intron-exon boundaries of tABCA1gene.
c. HumanABCA1cDNA sequence (Genome Data Base AJ012376) and
murine ABCAL1cDNA sequence (Genome Data Base X75926) were
aligned and used to infer the approximate position of each exon for
the humanABCALl gene. LPCR primers were designed with the
intention of annealing within the deduced interior regions of exons,
although there could be no a priori guarantee of avoiding annealing
to intron-exon boundaries, which would result in a failure to amplify.

TC(mmol/L) 381 448 133 573 312 278 32 4.51

279bp —»

144b,
1350p —

A986D

d. W 700 In such an instance, different primers would be designed and the
P procedure would be repeated. In addition, primers were chosen to
AG88D l 2765 share an optimal annealing temperature of 62°C, which would allow
P . . L .
144 Tthil11 135 for many reactions to proceed simultaneously within a single
amplification device using an identical cycling program, thus in-
| ‘ h I | | ﬂ creasing the throughput of the entire strategy.
l rz f{ ; \ '| ‘ ! | Expand 20-kb Plus enzyme mix (Roche) was used for LPCR
| M {‘"M i 5 M Yi according to the manufacturer’s instructions. LPCRs were performed
- " : in a Perkin-Elmer gene amplification 9600 apparatus. Genomic DNA
A1484S - + + - £t 0 - - t TR
492X from a normal subject was used as the amplification template for all
Segregation of ABCA7 mutations in a TD kindred. (a) The TD of these experiments. Ttle cycle c_onditions for the LPCR were as
proband is indicated by an arrow. Solid shading indicates carrier follows: der)aturmg at 92°C for 2 minutes, followed by_ 10 cycles of
status for ABCA1 A986D, and half-tone shading indicates carrier a denaturation step at 92°C for 10 seconds, an annealing step at 62°C
status for the 4570insA mutation. (b) Age and selected bio- for 30 seconds, and an extension step at 68°C for 18 minutes. An
chemical data from 8 family members are shown. TC indicates autoextension feature was used to add 10 seconds to the extension
total cholesterol. (c) Segregation of ABCA1 A986D mutation by step in each cycle for 20 cycles and a final 7-minute extension step
restriction enzyme analysis, with genotypes shown beneath gel at 68°C. The products of successful amplification reactions from
(“+£” means D986/A986 heterozygote and “—~” means an A986/ genomic DNA ranged in size from 4 to 15 kb. Each successful LPCR
A986 homozygote). (d) Tth1717 restriction map for ABCA1 was subsequently found to have amplified between 4 and 6 exons of
A986D, with arrow indicating a polymorphic Tth111] site in the ABCAI1.
A986D allele. WT indicates wild type, or A986 allele. (e) Segre- LPCR amplification products were electrophoresed in 0.6% aga-
gation of 4570insA mutation shown by results of genomic DNA rose gels and purified by using the QIAEX Il gel extraction kit
sequencing of ABCAT with genotypes shown beneath tracmg,s (QIAGEN). Each pair of LPCR primers was used to define the 3

(“*=” means heterozygous for the frameshift mutation and “—

means homozygous for the normal allele). boundary of the first exon by using thé-ghost primer and the 5

boundary of the last exon by using the 3’-most primer of each LPCR.
For the exons contained within each LPCR product, internal primers
were then designed to sequence in forward and reverse directions,
deposition of cholesteryl ester in the aortic valve, and early athero- beginning within the deduced central regions of the exons. When
sclerosis? The kindred has been subsequently extended and a total of successful, these tracings would begin with a known exon sequence
8 members have been studied, including both parents (subjects I-1but would either end before the intron-exon boundary, in which case
and 1-2); 2 siblings with TD (II-1 and 11-3); a sibling with low HDL a new primer would be designed and the sequencing strategy would
cholesterol, but no other findings, thus being clinically compatible continue in a “walking” fashion, or continue through the intron-exon
with heterozygous FHA (II-5); and a clinically normal brother and junction and into a previously unknown intron sequence. The
his son (lI-2 and llI-1, respectively). The biochemical data from position of an intron-exon boundary within the LPCR product was

these 8 family members are shown in the Figure. obvious after alignment with the published cDNA sequences by
) using Sequence Navigator (Applied Biosystems). When additional
FHA Subjects intron sequence information was required, a sequencing primer could

We selected from our dyslipidemia archival sample repository 6 be designed by using the newly derived intron sequence information,
subjects who conformed to stringent biochemical criteria for het- and the sequencing could continue, in theory, throughout the whole
erozygous FHA, which were plasma HDL cholesterol and/or apo Al intron.

concentration below the second percentile for age and sex, with  Once the intron-exon boundaries were determined (Table I; please
plasma triglyceride concentration below the 50th percentile for age see http://www.ahajournals.org), tABCAlgene—coding region in

and sex. None of these subjects had any physical manifestationsstudy samples could be sequenced with different PCR primers,
compatible with TD. This screening sample with FHA included 3 which were designed to amplify the genomic region containing each
aboriginal Canadian subjects, 2 taken from our well-characterized individual exon, the intron-exon boundaries, and a long intronic
sample of Oji-Cre® and 1 taken from our well-characterized sample stretch based on the genomic sequence obtained from the LPCR

of Inuit.1* mapping strategy described above. In addition, the primers were
chosen to share an optimum annealing temperature of 56°C (Table
Control Samples Il; please see http://www.ahajournals.org), which allowed for opti-

Samples from normolipidemic subjects taken from 6 ethnic groups mal use of a single amplification apparatus.

(38 Europeans, 44 Qji-Cree, 30 Inuit, 36 Africans, 37 Chinese, and

38 South Asians) were studied to determine allele and genotype . ) .
frequencies when a new polymorphism was identified. Association ABCAL1 Genomic Mutations and Polymorphisms
analyses with plasma HDL cholesterol concentration were carried Samples from 7 subjects were analyzed extensively: TD family

out in normolipidemic $2@yneaBpd biag Attndahviohal gt sierasatsdpjversity ahderentosabprtl ih 24, as described above. Direct
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genomic DNA sequencing of the individual exons was carried out by
using the primers in Table Il (please see http://www.ahajournal-
s.org). All amplification reactions were carried out in a fD-
mixture containing 32 pmol of each primer; 0.2 mmol/L each of
dATP, dCTP, dGTP, and dTTP; 1.5 mmol/L MgCb0 mmol/L
KCI; 20 mmol/L Tris HCI (pH 8.4); and 2.5 Uaq Platinum DNA
polymerase (GIBCO BRL, Life Technologies). Each amplification

Common and RareABCA1 Variants 1985

These were a frameshift mutation in exon 33, namely
4570insA, A1484S5-X1492, and a missense mutation in
exon 21, namely A986D (the Figure and Table 1). Although
the frameshift mutation within codon 1484 did not alter a
restriction site, it was easily genotyped because of the
characteristic appearance of the electrophoretogram tracings

cycle consisted of a denaturation step at 94°C, an annealing step aly¢ genomic DNA sequences of exon 33 &BCAL in

56°C, and an extension step at 72°C for 30 seconds each, followed

by a final extension step for 10 minutes at 72°C and cooling to 4°C.
The amplification products were then run on 1.5% agarose gels and
purified with the QIAEX Il gel extraction kit (QIAGEN). Purified
amplification products were directly sequenced by the ABI 377
Prism automated DNA sequencer. DNA sequences were aligned
both with publishedABCAlexon sequencég and with each other

by using ABI Sequence Navigator software.

heterozygotes for the frameshift (the Figure). Digestion of an
amplified fragment containing exon 21 with restriction endo-
nucleaseTthl11l1l revealed a 279-bp fragment for alleles
containing A986 and smaller 144- and 135-bp fragments for
alleles containing D986 (the Figure).

The sequencing strategy also resulted in the identification

Once a sequence variant was identified in a sample, its presence0f a rareABCAlvariant, namely R170C, in 1 of the subjects

was confirmed by fresh reamplification and resequencing of the
culprit exon from the patient sample on another day. When the DNA
change, which was usually a single nucleotide polymorphism (SNP),
affected a restriction endonuclease recognition site, restriction frag-

with FHA who was part of the screening experiment. This
subject was Qji-Cree, and subsequent screening of 80 Oji-
Cree samples by using mismatch amplification primers and

ment length polymorphism analysis would be used as the basis of a digestion withSful revealed 2 more Oji-Cree heterozygotes
rapid method to genotype the specific SNP for the purposes of for ABCA1C170/R170. Both of these subjects were found to

determining allele and genotype frequencies in various ethnic groups have plasma HDL cholesterol concentrations below the 5th
and for studies of association with plasma HDL cholesterol. In percentile for age and sex. However, the mutation was

contrast, when the DNA change or SNP did not affect a restriction . .
endonuclease recognition site, genotypes would be inferred from completely absent from 230 subjects from other ethnic

electrophoretogram traces from direct genomic DNA sequencing to 9r0UPS, suggesting that it is probably a population-specific
determine allele and genotype frequencies in whites only. variant that determines FHA in Oji-Cree. Its presence in such

a small number of Oji-Cree suggests that it arose relatively

Statistical Analysis recently in the history of these people.

The significance of deviations of the observed genotype frequencies
from those predicted by the Hardy-Weinberg equation were evalu-
ated with ¥* tests. sas (version 6.12) was used for statistical
comparisons involving HDL cholestersl.To test whether a com-

mon variation inABCAlwas associated with variation in plasma ot ; ; ;
HDL cholesterol, we genotyped th&BCAL I/M823 variant in a identification of 4 common amino acid variants ABCAL,

previously reported normolipidemic Inuit sampleWe assumed a ~ nNamely R/K159 in exon 6, V/I765 in exon 16, 1/M823 in exon
recessive model for M823, in which the genotype variable was set at 17, and R/K1527 in exon 34 (Table 1) in the subjects who had
0 for subjects with 1823/1823 and M823/1823 genotypes and 1 for been selected for the screening experiments. Restriction
subjects with the M823/M823 genotype. Covariates in the ANOVA  analysis by mismatch priming and digestion with restriction
were age, sex, body mass index (BMI), and current cigarette onqqn cleasesml andBstNI for /M823 and R/K1527,
smoking?* The proportion of variation in a plasma HDL cholesterol . . .
concentration from each covariate was estimated from partial regres- "€SPectively, was carried out to determine the genotype and
sion coefficients. allele frequencies of these markers in the normolipidemic
ethnic samples. Restriction analysis with the use of the
naturally occurrinddpnll recognition site affected by V/I765
was carried out to determine the genotype and allele frequen-
Intron-Exon Boundaries of ABCA1 and Primers cies of this marker in the normolipidemic ethnic samples.
for Genomic Sequencing Genotypes for the R/K159 variant were determined from the
The strategy outlined in the Methods section allowed for determi- characteristic appearance of electrophoretogram tracings of
nation of>>96% of the intron-exon boundaries within a period of 6 genomic DNA sequences of exon 6 for calculation of the
weeks (Table I; please see http://www.ahajournals.org). Owing genotype and allele frequencies in whites only. None of the
to insufficient human cDNA sequence information, we could not genotype frequencies for any of the variants deviated from

Common Amino Acid Variants in ABCA1
The sequencing strategy outlined above resulted in the

Results

determine the 2 boundaries of exon 1 and théd&undary of
exon 2. For as-yet-undetermined reasons, thedoindary of
exon 5 and the 3boundaries of exon 4 were not accessible
through this strategy. The availability of heretofore unpublished
intron sequences allowed for the development of amplification
primers for individual exons (Table II; please see http://www.
ahajournals.org). These primers could amplify at a constant
annealing temperature, allowing for all amplification of all exons
from a single genomic source simultaneously within a single
amplification apparatus.

Rare Mutations in ABCAlin TD and FHA
The sequencing strategy outlined above resulted in the

the expectations of the Hardy-Weinberg equation in any
study sample.

The ABCA1R/K159, V/I765, I/IM823, and R/K1527 vari-
ants were each markedly polymorphic in whites (Table 1).
The ABCAL1 V/I765, 1/M823, and R/K1527 variants were
each also markedly polymorphic in other ethnic groups, with
a wide range of allele frequencies.

Common Silent Variants in ABCA1

The sequencing strategy outlined above also resulted in the
identification of 5 common silent variants ABCA1, namely
876C/T and 888G/A in exon 8, 1980C/A in exon 14,
2820G/A in exon 19, and 4221G/A in exon 30 (Table 1) in

identification of 2 noReWBoaledfuemibite iiatwhealTaranaisrg/ alhieersiipjelcioronitraughrihgns@B these variants altered a
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TABLE 1. Characterization of ABCA1 Genomic Variants Affecting the Amino
Acid Sequence

Allele
Exon Nucleotide Amino Acid Frequencies
6 596G/A R/K159 596A 0.464 in whites
C628T R170C C170 Absent from 230 samples
8 876C/T P252 876T 0.250 in whites
888G/A G256 888A 0.143 in whites
14 1980C/A 1620 1980A 0.321 in whites
16 2413G/A V/I765 2413A 0.028 in Africans
0.053 in South Asians
0.145 in whites
0.200 in Inuit
0.250 in Oji-Cree
0.514 in Chinese
17 2589A/G 1/M823 2589G 0.079 in whites
0.145 in South Asians
0.294 in Inuit
0.419 in Africans
0.690 in Oji-Cree
0.737 in Chinese
19 2820G/A L900 2820A 0.036 in whites
21 3077C/A A986D 3077A Absent from 230 samples
30 4221G/A T1367 4221A 0.179 in whites
33 4570 ins A A1484S to X1492 4570 ins A Absent from 230 samples
34 4700G/A R/K1527 4700A 0.211 in whites

0.303 in South Asians
0.378 in 0ji-Cree
0.447 in Chinese

0.561 in Inuit
0.724 in Africans

naturally occurring restriction endonuclease recognition site, for M823) were each a significant source of variation for
genotypes could be easily determined from the characteristicplasma HDL cholesterol in Inuit (Tables 3 and 4). Simple
appearance of electrophoretogram tracings of genomic DNA mean HDL cholesterol concentration was significantly higher
sequences of the individual exons. This comparison allowed in M823/M823 homozygotes than in subjects with the 1823/
for calculation of the genotype and allele frequencies in 823 and M823/1823 genotypes (Table 4). Multivariate re-
whites only. The ABCAL1 876C/T, 888G/A, 1980C/A,  gression analysis indicated that age, sex, BMI, smoking, and
2820G/A, and 4221G/A SNPs were each markedly poly- ABCAL I/M823 genotype (assuming a recessive model for
morphic in whites (Table 1). None of the genotype frequen- \g23) accounted for 29.4%, 42.0%, 13.5%, 8.2%, and 7.0%,
the Hardy-Weinberg equation in any study sample. lesterol concentratiorP<0.0001,<0.0001,=0.0034,=0.021,

In addition, we observed several disparities in #2CA1 and=0.031, respectively). Post hoc analyses revealed no asso-

genomic DNA sequence from the screening sample and gjations with other lipoprotein variables, such as plasma triglyc-
sequences that had been previously published. Allele frequen-4iqes and apo Al (data not shown).

cies for these disparate genotypes were determined from the
characteristic appearance of electrophoretogram tracings of
genomic DNA sequences of the individual exons in 28
whites; for each disparity, the DNA sequence was monomor-
phic in the control sample (Table 2).

Discussion

We report herein (1) a strategy to identify intron-exon
boundaries of a gene, without any need for cloning; (2) the
application of this method to identify intron-exon boundaries
Association of ABCA1 I/M823 With Plasma HDL of ABCAL,; (3) the use of the acquired intron information to
Cholesterol Variation derive a set of amplification primers that amplifiec®6% of
ANOVA revealed that age, sex, BMI (in kgfn smoking, the ABCAlcoding sequence at a single annealing tempera-
and ABCA11/M823 dravanigeeechisgmiiig/atvecbaisiveata oo attha v elbidnehd deantaoreArieetveolise of amplification hard-
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TABLE 2. Characterization of Monomorphic Sequence Disparities With Published

ABCA1 Sequences

Allele Frequencies
Exon Nucleotide Disparity Source Amino Acid (in Whites)
7 705C/T Reference 1 A195 705T:1.000
11 gtaa/gtgaa Reference 4 3 ntto 3’ end exon 11 gtgaa:1.000
33 4604C/T Reference 1 T1495| 4604T:1.000
35 4883C/T Reference 1 P1588L 4883T:1.000
43 5861G/A Reference 1 R1914K 5861A:1.000
44 gtactagt/gtactgtg Reference 4 6 nt to 3’ end exon 44 gtactgtg:1.000
45 atcactag/atcactgtag Reference 4 5ntto 5" end exon 45 atcactgtag:1.000
45 gtgagtgt/gtgagtat Reference 4 7 ntto 3’ end exon 45 gtgagtat:1.000
48 6443C/T Reference 1 P2108L 6443T:1.000

ware; (4) the use of the amplification primers for genomic tors who seek to identify human mutations from genomic
DNA sequencing, which resulted in (5) the identification of 3 DNA. For this application, reliable primers and conditions are
novel rareABCAL mutations in TD and FHA, of which 1 required for amplification from human genomic DNA sam-
appears to be an Oji-Cree—specific variant; and (6) the ples. Because there is no information regarding the intron-
identification of 4 novel common amino acid variants and 5 exon boundaries for the vast majority of ESTs mapped to
novel common silent variants IABCALl. We have noted a date, a robust, general method such as TCGA is required,
wide range of allele frequencies of these common markers which might assist the large-scale, rapid conversion of EST
across ethnic groups. Finally, we found an association of the data into intron sequence data. The intron sequences can be
commonABCA11/M823 variant with plasma HDL choles- used, in turn, to create primers for the amplification and
terol in Canadian Inuit: M823/M823 homozygotes had sig- sequencing of coding regions from a genomic DNA template.
nificantly higher plasma HDL cholesterol compared with TCGA will not necessarily fully characterize the intron size
subjects with the other genotypes. This finding suggests thatand complete intron sequence: only enough sequence is
common variation iMABCA1lmay be a source of variation of  obtained to allow for clean amplification of coding regions
plasma HDL cholesterol in the general population. and margins from a genomic template. However, the “walk-

The aforementioned method timansform a cDNA se- ing” TCGA strategy of sequencing through the intron can be
guence intogenomic amplification primers (designated serially used until the next contiguous intron-exon boundary
TCGA) allowed us to rapidly identify 12 noveABCAl is crossed and the next exon is entered.
genomic sequence variants, with no need for cloning. The There are several reasons to acquire intron sequence for the
large quantity of intron sequence provided by TCGA was study of candidate genes in human diseases. First, some
sufficient to allow the design of genomic amplification diseases can result from mutations directly at or close to the
primers that fulfilled 3 criteria: (1) the amplified fragment intron-exon boundaries. Thus, sufficient flanking sequence
contained the entire exon sequence; (2) the amplified frag- within the intron is required to develop amplification primers
ment contained both intron-exon boundaries; and (3) the GC to first identify and then to screen for a mutation close to
content of the primers could be optimized to allow for these boundaries. Second, a small subset of some diseases can
annealing at a specific temperature. The optimal annealing be due to mutations well inside introns. Again, sufficient
temperature could be kept constant for all genomic DNA flanking sequence within the intron is required to develop
amplification reactions developed this way, thereby permit- amplification primers to identify and then screen for an intron
ting many reactions to proceed simultaneously in a single mutation in such patients. Finally, knowledge of intron
amplification apparatus under a single set of conditions. sequence can permit development of clean and effective

In the postgenomic era, expressed sequence tags (ESTs)amplification strategies that fully capture coding regions,
defined as complete or partial cDNA sequences, can mark where most mutations would be expected to reside. Further-
genes for further study and analysis. However, the EST more, TCGA allows for the use of genomic DNA from easily
database will not necessarily be directly helpful to investiga-

TABLE 4. ABCA1 1/M823 Association With Plasma HDL

TABLE 3. Sources of Variation of Plasma HDL Cholesterol Concentration in Inuit
Concentration in Inuit From ANOVA

1823/1823 Plus M823/1823 M823/M823

Source F Value Probability>F Number 229 16

Age 22.9 <0.0001 Age, y 36.6-14.9 37.6+17.5
BMI 320 <0.0001 Females, % 54.7 50.0
Sex 109 0.0011 BMI, kg/m? 26.8+4.5 24.5+3.2
Current smoking 3.63 0.021 HDL cholesterol, mmol/L 142039 167+0.53*

ABCAT I/M823 genopyefiyn| oaded fom http://atd92hajournals.org/ at Univergity of Toronto on April 26, 2013
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accessible whole-blood samples as the template for amplifi- are now required to determine whether such modest associ-
cation and sequencing, with no need for cloning or further ations with HDL cholesterol are more general. The mecha-
modifications. Approaches to find disease mutations in the nism(s) through which this commoABCA1 variant can
absence of knowledge of the intron-exon boundaries, such asaffect plasma HDL cholesterol is not clear at present and
sequencing of the cDNA derived from reverse transcriptase— cannot be resolved by the current study.
treated mRNA from tissues in diseased patients, are more In addition to the rare mutations and common variants
cumbersome by comparison. In addition, such methods de-shown in Table 1, we observed several disparities between
pend on mMRNA being expressed in the diseased tissue, inthe ABCA1 genomic DNA sequence obtained from the
contrast to the independence of MRNA expression required to screening sample of whites a®dBCA1sequences that had
detect DNA changes at the genomic level. been previously published (Table 2). For each disparity, the
We used TCGA to identify rardBCAlmutations in TD DNA sequence was monomorphic in our control sample of 28
and FHA subjects. The 2 TD family members who were whites (Table 2), suggesting that small amendments might be
simple heterozygotes foABCA1 A986D, namely I-1 and required in some of the deposited reference sequences for
II-5, had depressed though not undetectable plasma concenABCA114
trations of HDL cholesterol and apo Al (the Figure). In In summary, our results provide proof of principle that
contrast, the plasma HDL cholesterol and apo Al concentra- TCGA is an effective way to develop primers that are part
tions in the simple heterozygote for 4570insA, namely I-2, of an amplification strategy to find mutations in human
were within the normal range (the Figure). This finding genomic DNA. TCGA permitted rapid assessment of
suggests that the A986D mutation, which occurs between the >96% of theABCA1coding sequence and resulted in the
Walker domains A and B of the first ABC iABCALt had an identification of 12 noveABCAlsequence variants. Three
autosomal codominant influence on HDL cholesterol and apo of the novel variants were extremely rare and were seen in
Al. In contrast, the 4570insA mutation, which creates a subjects with either TD or FHA. One of the common amino
premature truncation that results in the deletion of most of the acid variants, namelABCA1 1/M823, was significantly
second transmembrane domain and the second ABC ofassociated with variation in plasma HDL cholesterol in
ABCA11 had a recessive influence on the TD phenotype. The Inuit. The results suggest that TCGA can identify both rare
Oji-Cree FHA R170C mutation, which occurs in thé 5 and commonABCA1genomic variants and that common
intracytoplasmic domain oABCAL} appeared to have an  variation inABCA1can be a determinant of plasma HDL
autosomal codominant influence on the biochemical pheno- cholesterol.
type. The mechanism(s) through whisBCAlmutations can
lead to the TD and FHA phenotypes are not understood at
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Table I. Intron-exon boundaries of the ABC-1 gene

5' boundary

ctactcctcgatttcaacagGCCAT
ttttcttgcaccctttacagTGIGG

tttgcat gaaat gctt ccagGrATT
agttttctttctcattacagAGAAC
gtccccat ccct gacgccagCIGIT
gtctctcctcttcttcatagCIrCCT
ggct ccccacct gact ccagGTGAA
ctttctcact ggaat ggcagATGCCT
gaaggctgttcttctat cagTGIGr
tacctgtggtttggttttagGrACT
tccttccttggggectccagCITTC
atgtgtctcttccttcccagTTAGG
actttgcctgtttctcacagAGCCT
tacctgtgctttgctttcagGCCAG
tgtcttctctcctgtcacagTCTGC
ttctaaatttttgtcctcagGICAA
acctgcctccct gt ccccagGCTGA
cttgctctgttttttt gt agGIGGA
cttgtgtttgtgcct ggcagGCCGC
acctccttctttgccat cagGAGGA
ttgcattctggtccctgcagATGIC
tcatctctctcattttccagATATT
ttctttccttgtgectt cagATGGT
tcagtgttggcttcttgcagAATCC
cctccact gcct gggt aaagATTGT
t gcct ct cat gt acccacagCAATG
ttgctgtcttccctttgcagAGACA
tggttttcat gt gat gacagAGAAA
ttgtttctttgtctctgcagCITAA
atgtcaggctgttcttttagGrATG
caggtttctgttgtttacagGACAG
cctggtatgttttctttcagGIGIG
cacacgctttttctct ccagGATGA
gtctttgttttcacttttagTGCAA
atctttttgtgtctcaacagGrGGr
ttrttttttttttttttt agAAGCT
ctctgcattgtgtctactagGEGAG
ttcttgttttttcccccaagACCTG
ttacattttgtttgttgcagATATA
acttaatctttccttttcagTGCTT
agttttcttgtcctttgcagTATCT
ggtgctttttatcactgtagGITGG
ttattttattctaattacagGATGA
ctctttctgttttaccgcagTATGCG
gtattttttcctgctttcagGITTG
ccatcttaatcttttaacagGrATT

3' boundary
TGAATgt aagt aact gt ggatgttg
TCCATgt aagt at cagat caggttt

ACAAGgt aagct gat gcct ccagcet
TCCTCGgt gagt agactt gct cactg
AGGACGgt aagt t gt gt cttt ccagt
TACAAgt gagt gt ccat gcagaccc
CTGAGgt aagct gcccccagcecccaa
TCCGgt gagt gt ccct cccatt at
TGGAGgt gaat ct gt t gct gggat ¢
GATGgt aagt ggaat cccat caca
GACATgt aagt t acct gcaagccac
TGAAGQt aaggcagcct cact cgct
TCCCTgt gagt acct ct ggcctttc
TCCAGgt acact gct tt gggcat ct
AGAAAgt aagt gct gt t gacct cct
ACCATgt aagaagagggt gt ggttc
GACATgt gagt accagcagcacgtt
GICAGgt gcggcccagagct acctt
ACAACGgt gcctgatgtgtatttatt
AAAAGQL gagct gcagt ct t ggt gc
CATCgt aaggact ct ggggtttct
AAGAAgt aagt t aagt ggct gact g
CTCAGgt aact gcct t gagggagaa
CCCAgt ct gt t agggcaagat caa
CTCAGgt gagacgt gctgttttcge
GICAGgt atgtttgtcttctacatc
ATCCCgt gagt gccact tt agccat
CACAAgt gagt cact t t cagggggt
AAAAGgt gactttttactaaacttg
TTTAGgt aagttgctgtctttctgg
CCAAgt aaaat at ct at cgt aaga
TCAAGQt aaaccgctgtctttgttc
GCTCTgt aagt gt ggct gt gt ct gt
ATATGgt aaggacacaggcct gcgt
TATGgt aagt cacct ct gagt gag
ACAAT(gt gagt cat gcagagagaac
GITTGgt gagt gaagcagt ggct gt
CCCAGgt gagctttttcttagaacc
CGAAGgt gagagagt acaggtt aca
GIGAGgt aaagacactttgtctata
AATAGgt gagaaaagaagt ggcttg
GCAAgt act gt gggcacct gaaag
TTCTCGgt gagt at aact gt ggat gg
CATAGgt ccgt agt aaagt ctt ggg
AATACQt aat aaagataatttcttt
ACCAAgt aagct t t gagt gt caaaa
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Table Il.  ABC-1 amplification primers for individual exons

exon primer sequences (5 to 3') product size

3 F: AAATGGAGCCTCAAAATCGCTTCA 302
R TCCAGCCATTCAAAATTCTCCAGA

6 F: GACCCAGCTTCCAATCTTCATAA 288
R TTCCGAAAGCATTAGTGCTTGAAG

7 F: GITAGGAGTCGGITTCTTGITTG 292
R TCTTGCCAGACTCAGGAATCGA

8 F: AAGCCTTTGAGATGACATCAGACA 517
R GCAAATGGGCATGTAGACATCTAA

9 F: CAGTATATGACCATGCATATGAGC 302
R AATTCCAGAAGAGCCGTGAGTATA

10 F: TCAGGGAGGAGCCAAACGCTCATTGICTGT 245
R:  CTCACCTCTCCAGTATCAAGCAGGCACATG

11 F: TGCTCCTCAAGATTTAGITGGTG 325
R GAACCTTATTGTAACGTCTCAGAG

12 F: ATTTGTCTCAGCCACTGCTTGIT 333
R TAATATAATAGGTGCTCTGGACCT

13 F. GAATGGTTGATTACCTGIGGITTG 243
R AACTGGTTAAAAACAGTGGCTTGC

14 F: ACCCTGGCTCACGIGIGTCT 342
R CCTTAGCCCGTGITGAGCTA

15 F: TCTGTAGATCATACAAGTGAGTGC 381
R ATCTTCTGTTCTCAACTTGCTGCT

16 F: CTTCTGCACCTTATGATTGATCCA 386
R AGAAAGGACATCAGCTAGAAGTCA

17 F: ATGATGCTGAGCTTGGCTCATAC 199
R GCAGCAGCACTAGGTTAAAGAAAG

18 F: TTCTGTGGGITCATTTCTGICTTC 374
R ACGTGGAAAGACACTCATGATTAG

19 F: TCAACCCTGACTTCTGTACTTCTA 212
R:  CATCCAGAAAAGGCCTATTCTTAAC

20 F: TGGTTGCTCACTGITGITCTAC 450
R AGCCAGGGACAAGITTCTGITA

21 F: TTGGTAACAGAAACTTGTCCCTG 279
R: CTCTCTCAGTCCATTTACTCAGA

22 F: CACTGTGACAAATCAGAACTGAGA 358
R AGAAATCATTCACAGCCAGCAAGT

23 F: GTGCATGTGTCCCAGGGAAAG 324
R AGCAGCAAACCTTGAGTCAGC

24 F: TGAGTTGATTGAGCCATCTTTGCA 341
R TGACTAACTCCATGATAATCCTGC

25 F: CTACTCTCGTAATGTTGGIGC 174
R GAACAATACTCGTGCACTGAG

26 F: GCATTCTCATTTGTAGAGTGTAGG 245
R ACAGTAGGACACTGTITTGATCTTG

27 F: GAGAAACTTCTAGCTTCAGACACA 368
R ATCCATATCTTGACCAGGATGCTA

28 F: TTCTAACACTTGCCGTTTCCTG 242
R TCGTAAACATCTTTGGICTG

29 F: TTAAGAGCCTGTCACAGAGAAATG 309
R TCACAATGTGGCATGCAGITGATA

30 F: CCATCTCTGGTAATCCTACTCTTG 316
R GATATCTCACTCATTCCTGCTTCC
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31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48

49

ATATNMITOTNITMOTNOTOTNOTOATOTNITOTNOTOTNOTHTOTD

ACATGGTCACTGITGTCCTTGA
TAGACAGAATCAGGCCATAATCTG
ATTAGGAATAGGCTCAGTGCT
CAAGGCTTTCTTCAATCCAAG
TGACTCAGTGAACCTTGTACACAC
TACTCCTATATCCCAGCAGCTACA
ACAGGTTCCAGATTGACTGI TG
GAAAGT ACTCCAGGAAACATAAGG
GCCTTGGTATGTGACTAGAATTTC
CCAGCCAATTCGTAAACTTATCAC
CTCAGATATCTCTGIGTGIGTGTA
TGACAGACATCAGAAAGATACAGCA
GGTGAAAACTTGTGTGATGCATTG
CAAATGCCTTATCCACTGTGCA
CTACTTTTGCTGTATGGGTAAGIC
CACTGACAAGTGGAATAAGATCAC
CTGGITTGTCCCTAGAGAATC
TGCAGAGTGCCATCTCCATTA
ACTTGGAAAGTGATCACTCTCTTG
GACAAAGATTCAGTCTCTAACGTA
GTTAGAGACTGAATCTTTGICCTG
CTGAAGATGAGCTATTGTAACCTG
TGTGAGTCACTGAGGCTTATGAA
GATTGGGTAGAGATAGTCTGAACT
GAAGGT TTGAGGTAGITACGTIGI T
GTCTTTGCAGCAAAATACAAGCCA
AACCAGAGTATCTCTACCTGCTTA
ATTTTGTGCTGCTGCATTCATGAG
TACATGTATGI GTAGGACAGCATG
TTTCCACTCAGGCCAGAACAA
GCTGITTCAAAGATGCTTCTGCA
TAAAACATCCCACAGT GAGGAAC
GTGATGITCTCATGGT TACAGAGA
CCCTCATTCTTTCCACTATACTG
TAACTGGTTCCTTCTCTCAGAAAC
GAATCCACACCCTGAGAAGTA
TCTGTATGCTCCTACTTGACCTA
CACTTACATGGT GCAAAGGAAAG

298
167
263
216
458
332
232
366
313
515
223
169
226
315
254
237
290
534
320
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