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Atherosclerosis is a complex disease resulting from the interaction
of multiple genes. We have used the Ldlr knockout mouse model
in an interspecific genetic cross to map atherosclerosis susceptibil-
ity loci. A total of 174 (MOLF/Ei x B6.129S7-LdIrtmHer) x C57BL/
6J-LdIrt™Her backcross mice, homozygous for the Ldir null allele,
were fed a Western-type diet for 3 months and then killed for
quantification of aortic lesions. A genome scan was carried out by
using DNA pools and microsatellite markers spaced at ~18-centi-
morgan intervals. Quantitative trait locus analysis of individual
backcross mice confirmed linkages to chromosomes 4 (Athsq1,
logarithm of odds = 6.2) and 6 (Athsq2, logarithm of odds = 6.7).
Athsq1 affected lesions in females only whereas Athsq2 affected
both sexes. Among females, the loci accounted for ~50% of the
total variance of lesion area. The susceptible allele at Athsq1 was
derived from the MOLF/Ei genome whereas the susceptible allele
at Athsq2 was derived from C57BL/6J. Inheritance of susceptible
alleles at both loci conferred a 2-fold difference in lesion area,
suggesting an additive effect of Athsq? and Athsq2. No associa-
tions were observed between the quantitative trait loci and levels
of plasma total cholesterol, high density lipoprotein cholesterol,
non-high density lipoprotein cholesterol, insulin, or body weight.
We provide strong evidence for complex inheritance of athero-
sclerosis in mice with elevated plasma low density lipoprotein
cholesterol and show a major influence of nonlipoprotein-related
factors on disease susceptibility. Athsq7 and Athsq2 represent
candidate susceptibility loci for human atherosclerosis, most likely
residing on chromosomes 1p36-32 and 12p13-12, respectively.

he genetics of atherosclerosis has been the focus of intense

investigation. A subset of cases is caused by uncommon
Mendelian mutations that predispose individuals to atheroscle-
rosis (1-3). The mutated genes include low density lipoprotein
receptor (LDLR) (4), cystathionine B-synthase (5), and, in some
cases, ATP-binding cassette-Al (6—8) among others. Identifi-
cation of these genes has shed light on biochemical pathways
involved in atherogenesis and provided the basis for current
therapeutic interventions. However, the common forms of ath-
erosclerosis are multifactorial in origin. Attempts to map the
common susceptibility loci have been hampered by genetic
heterogeneity, polygenic inheritance, incomplete pedigrees, and
environmental influences. The fact that few of the genomewide
linkage studies have reported loci with large effects points to the
existence of multiple loci, each having small to moderate effects
(9-12). The modest nature of susceptibility gene effects will
likely require extremely large sample sizes or very densely spaced
genetic markers for successful linkage mapping (13).

Mouse models offer significant advantages for genetic dissec-
tion of complex diseases. The ability to perform selective
breeding, produce many offspring, determine inheritance of
alleles without ambiguity, and control the environment is a
critical factor. Early studies of murine atherosclerosis indicated
that there was a clear genetic component. Inbred strains of mice
exhibited a spectrum of aortic fatty streak lesion areas after the
feeding of atherogenic diets high in cholesterol, fat, and cholic
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acid (14-16). A number of susceptibility loci (4thI-8) were
reported based on phenotypic analyses of recombinant inbred
strains derived from “resistant” and “susceptible” parents (17—
20). Although these studies were instrumental in pointing out
strain-specific variations, none of the loci have been confirmed
by more rigorous analyses of large genetic crosses.

A shortcoming of the diet-fed, inbred mouse model (in terms
of carrying out quantitative genetic studies) is that aortic lesion
development is minimal even in susceptible strains. Recently,
Dansky et al. (21) showed that the strain-related differences in
susceptibility could be accentuated when a gene-targeted disease
model was used. Thus, C57BL/6J mice homozygous for the
apolipoprotein E knockout allele exhibited 7- to 9-fold greater
aortic root lesion area relative to FVB/NJ mice homozygous for
the allele without any overlap of the phenotypic values (21). To
provide candidate susceptibility loci for human atherosclerosis,
we have performed a genome scan of an interspecific cross by
using the Ldlr knockout model (22). In this model, feeding of a
Western-style diet results in elevated plasma LDL levels (similar
to levels in humans) and development of human-like compli-
cated fibrous plaques (23). Two significant susceptibility loci
were localized to chromosome (Chr) 4 and Chr 6. The effects of
these loci were independent of common risk factors for human
disease including plasma lipoprotein levels, plasma insulin levels,
and body weight.

Materials and Methods

Mice. MOLF/Ei (MOLF) and B6.129S7-Ldlr™Her (formerly
C57BL/6J-Ldlr™Her; hereafter referred to as B6-Ldlr0) were pur-
chased from The Jackson Laboratory. MOLF females were mated
with B6-LdIr0 males to produce F; mice. Female F;s were back-
crossed to B6-LdIr0 males to produce N2 mice homozygous for the
Ldlr knockout allele. N2 mice were weaned onto standard labora-
tory chow (PicoLab Rodent 20, #5053) at 21 days of age and
switched to a Western-style diet at 8—12 weeks of age. The Western
diet contained 21% (wt/wt) butterfat and 0.15% (wt/wt) choles-
terol (Harlan Teklad Adjusted Calories TD 88137, Madison, WI).
Mice were bled after 2 weeks and 3 months of Western diet feeding
and killed at the 3-month time point. The breeding colony was
produced and maintained in a specific pathogen-free environment.
All mice were given ad libitum access to food and water and
maintained on a standard 12-h light-dark cycle throughout the
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study. All experimental protocols were approved by the Institu-
tional Animal Care and Research Advisory Committee.

Atherosclerotic Lesion Measurements. Anesthetized mice were
killed by cervical dislocation. The hearts were perfused with
0.9% NaCl by cardiac intraventricular canalization. Then, the
hearts and aortic root were dissected and fixed in 10% formalin.
The aortic root was sectioned and stained with oil red O, and
lesion areas were quantified as described (24).

Plasma Lipoprotein and Insulin Measurements. Mice were bled in the
middle of the light cycle after a 5- to 6-h fast. Retro-orbital
bleeding was performed under Forane anesthesia (Baxter, Deer-
field, IL). Blood was collected directly into heparinized capillary
tubes (Becton Dickson). Plasma was separated from cells by
centrifugation and stored at —70°C. Isolation of high density
lipoprotein (HDL) cholesterol by chemical precipitation (HDL
reagent, Sigma), as well as enzymatic measurements of choles-
terol and triglycerides (Wako Pure Chemical, Osaka), were
carried out according to the manufacturers’ instructions. Non-
HDL cholesterol was calculated by subtracting HDL cholesterol
from total cholesterol. Insulin was measured by using a com-
mercially available ELISA kit (Crystal Chem, Chicago).

DNA Extraction and Ldlr Genotyping. DNA was extracted from tail
tips by a quick alkaline lysis protocol (25). Briefly, the tail tips
were incubated in 50 mM NaOH for 1 h at 95°C, vortexed, and
neutralized in 1 M Tris (pH 8). Cellular debris was pelleted by
centrifugation, and the supernatant was used for PCR amplifi-
cation of Ldlr alleles. Primer sequences and a protocol for Ldlr
genotyping were obtained from http://www.jax.org/resources/
documents/imr/protocols/Ldlr_KO.html (8/5/1998). Ldir typ-
ings were confirmed by measuring plasma cholesterol levels.

DNA Pooling and Genome Scan. DNA was quantified, in quadru-
plicate, by spectrophotometry. Equal amounts of DNA were
pooled from 10-15 mice in the top or bottom 20% of the
phenotypic ranges. Separate pools were made for males and
females. The final concentration of DNA in the pools was
100-150 ng/pl, such that each individual sample was represented
at a concentration of 10 ng/ul in a pool. Microsatellite markers
(26, 27) were typed by PCR amplification using primers pur-
chased from Research Genetics (Huntsville, AL) following the
manufacturer’s protocol. PCR products were separated on 7%
Long Ranger polyacrylamide (FMC) gels and scored by using a
LI-COR (Lincoln, NE) model 4000S automated DNA sequencer
and GENE IMAGIR version 3.55 software (Scanalytics, Billerica,
MA). Parental and F; DNA samples were run alongside the
pools as controls.

Testing of Candidate Linkages by Formal Linkage Analysis of the
Backcross Panel. Markers exhibiting a biased representation of
alleles in the DNA pools (significantly different from the ex-
pected Mendelian distribution of 75% B6, 25% MOLF alleles for
an unlinked marker) subsequently were subject to linkage anal-
ysis using the panel of 174 individual backcross samples. In
addition, flanking markers were typed to confirm positive
(linkage) or negative (no linkage) results by using the complete
panel of individuals. For positive results, chromosomal linkage
maps with multiple markers were constructed to refine the
localization of the quantitative trait locus (QTL), as described
(28). Linkage analysis was performed by using MAP MANAGER
QTB28PPC as described for backcrosses (29, 30). Due to the strong
effect of sex on atherosclerosis and lipoprotein phenotypes, all
analyses were performed separately for males and females.
Similar results were obtained by using raw or square root-
transformed lesion area data. A logarithm of odds (LOD) score
of 3.3 was used as the threshold for “significant” linkage (31).
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Fig. 1. Distribution of fatty streak lesion areas among 174 Mbc-LdIr0 mice

grouped by sex. Mice were fed a Western-type diet for 3 months. Values are
expressed as um?/section. Solid horizontal bars represent the range of values
for sex- and age-matched B6-LdIr0 controls (n = 6 for each sex).

Statistical Analysis. ANOVA was performed by using STATVIEW 5.0
(Abacus Concepts, Berkeley, CA) for Macintosh computers.

Results

The distribution of aortic fatty streak lesion areas among 174
[(MOLF X B6.LdIr0) X B6.LdIr0] backcross mice homozygous
for the Ldlr knockout allele (Mbc-Ldlr0), and the range of values
in a set of B6-Ldlr0 controls, is shown in Fig. 1. Female
Mbec-LdIr0 mice exhibited 28% larger mean lesion areas than
males (mean += SD: 5.1 £ 22 X 10° vs. 3.7 £ 1.9 X 10°
wm?/section, respectively, P < 0.0001). However, there was a
broad distribution of lesion values among both female and male
Mbc-Ldlr0 mice. The range of lesion areas observed for the
B6-LdIr0 controls was centered around the middle of the dis-
tribution curves for both female and male Mbc-LdIr0 mice,
suggesting the presence of both resistance and susceptibility
alleles within the B6 genome.

To rule out an effect of Apoa2, previously reported to have
major effects on HDL cholesterol levels and aortic lesion
susceptibility in other genetic crosses (32, 33), we typed the
closely linked microsatellite marker DIMit206 in the panel of 174
Mbc-Ldlr0 mice. No linkage was detected for HDL cholesterol
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Table 1. Linkage of lesion susceptibility QTLs to Chr 4 and Chr 6
in Mbc-LdIr0 mice

LOD (%VAR)

Males Females LOD combined QTL
Chr cM (n =92) (n =72-82) (n=174) symbol
4 77 — 6.2 (32%) — Athsq1
6 62 3.2 (14%) 3.5 (18%) 6.7 Athsq2

cM, distance from the centromere in centimorgans. LOD, logarithm of the
odds ratio for linkage; % VAR, an estimate of the percent of the total variance
of lesion area explained by the locus.

or atheroslerosis susceptibility (data not shown). The lack of
association between lesion areas and genotype at the Apoa2-
linked marker suggested the presence of novel susceptibility loci
segregating among the Mbc-LdIr0 mice.

To detect candidate linkages for lesion susceptibility, we per-
formed a genome scan by using a DNA pooling strategy. The mean
lesion areas in Mbc-Ldlr0 mice selected for the “low” pools were
23 X 10° and 1.4 X 10° wm?/section for females and males,
respectively. The mean lesion areas for the “high” pools were 7.0 X
10° and 6.5 X 10° um?/section for females and males, respectively.
A total of 88 polymorphic markers were typed, resulting in an
average marker spacing of ~18 centimorgans (cM). DNA pooling
usually can detect linkage within 30 ¢cM of an allele that is
preferentially represented in affected individuals (34, 35).

Two candidate loci were confirmed by linkage analysis by
using the complete panel of 174 backcross mice (Table 1). The
loci have been designated Athsq! (Chr 4) and Athsq2 (Chr 6) for
atherosclerosis susceptibility QTL 1 and 2. Athsq1 was supported
by a peak LOD score of 6.2 near D4Mit127 (=77 cM distal to the
centromere, as listed in the Mouse Genome Database, MGD)
(Fig. 2). Linkage was detected in females only, explaining 32%
of the total variance of atherosclerotic lesion areas among
females. Athsq2 was supported by a peak LOD score of 6.7 near
DOMit110 (62 cM distal to the centromere, as listed in MGD)
(Fig. 2). The Chr 6 locus exhibited similar linkage in females
(LOD = 3.5, explaining 16% of the variance) and males (LOD =
3.2, explaining 14% of the variance). Female and male LOD
plots were coincident, indicating that a single QTL underlies the
linkage in both sexes. Confidence intervals defined by a one-unit
decrease in the peak LOD score were estimated to be ~10 cM
for both Athsql and Athsq2.

The QTL effects on lesion areas and common risk factors for
human atherosclerosis are shown in Tables 2 and 3. In females,
inheritance of two copies of the B6-derived allele (BB) of Athsq!
resulted in 40% smaller mean lesion area relative to inheritance
of one copy of the B6-derived and one copy of the MOLF-
derived alleles (MB); no effect of genotype was observed in
males (Table 2). Conversely, inheritance of the BB genotype at
Athsq?2 resulted in 28% (females) and 33% (males) larger mean
lesion area relative to inheritance of the MB genotype (Table 3).
Plasma total cholesterol, HDL cholesterol, and non-HDL-
cholesterol levels after feeding of a Western-type diet for 2 weeks
were tested for linkage to the atherosclerosis QTLs; no signif-
icant linkages were detected for any of the phenotypes. A small
difference in mean HDL cholesterol levels was observed by
ANOVA in mice grouped by genotype at Athsql (Table 2).
However, the difference was not statistically significant after
correcting for multiple testing. In addition, the atherosclerosis-
resistant genotype was associated with lower HDL cholesterol
levels. This finding is opposite to what would be expected if the
mechanism for atherosclerosis susceptibility determination was
through regulation of HDL cholesterol levels. No other effects
of the QTLs on plasma cholesterol levels were observed. Simi-
larly, no significant linkages were detected for triglycerides, body
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Fig. 2. LOD score plots for Chr 4 and Chr 6 lesion susceptibility QTLs. The y

axis indicates LOD scores; the x axis indicates position along the chromosome
(distance from the centromere in cM). Microsatellite markers typed in Mbc-
LdIr0 mice are indicated below the x axis. LOD scores were calculated and
plotted at 2-cM intervals by using MAP MANAGER QT software. The significance
threshold of P = 0.05 for a backcross is indicated by a solid line at LOD = 3.3.

weight, or basal metabolic index (calculated as body weight
divided by the squared nose to anus length; data not shown) at
the atherosclerosis susceptibility QTLs.

Epidemiological studies have shown an association between
hyperinsulinemia and coronary atherosclerosis (36, 37), as well
as clustering of cardiovascular disease risk factors (38-40). To
test for an association between insulin levels and atherosclerosis
susceptibility in our mouse model, we compared mean fasting
insulin levels in a subset of Mbc-LdIr0 mice grouped by genotype
at the Chr 4 and Chr 6 QTLs. The mice had been fed the
Western-type diet for 3 months. No significant associations were
observed (Tables 2 and 3).

The combined effect of Athsql and Athsq2 was estimated by
comparing mean lesion areas in mice grouped by genotype at
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Table 2. Fatty streak lesion areas, plasma cholesterol levels, and fasting plasma insulin levels
in Mbc-LdIr0 mice grouped by genotype at D4Mit127

Lesion area, Total C, HDL-C, Non-HDL-C,

Genotype um?2/section mg/dl mg/dl mg/dl Insulin, ng/ml
Females

BB (n = 32) 3.6 + 1.8 X 10° 344 * 43 51 13 295 + 47 1.32 £ 1.0(n = 15)

MB (n = 40) 6.1 = 2.0 X 105* 341 £ 55 59 + 16** 284 + 52 1.06 + 0.67 (n=7)
Males

BB (n = 39) 3.6 £2.2x10° 384 = 57 71 =17 311 =59 3.16 = 1.66 (n = 27)

MB (n = 48) 3.6 = 2.0 X 10° 366 + 56 75 £ 15 291 £ 54 3.66 = 2.61 (n = 10)

BB, homozygous for C57BL/6)J alleles; MB, heterozygous for C57BL/6J and MOLF alleles. *, P < 0.0001 vs. BB;

**, P < 0.03 vs. BB. Values are mean + SD.

both loci (Table 4). Mice carrying both susceptible genotypes,
MB at Athsql and BB at Athsq2, exhibited 2-fold greater lesion
area than mice carrying both resistant genotypes (mean = SD:
6.6 = 2.0 X 10° vs. 3.2 = 1.8 X 10° um?/section, respectively).
Mice carrying one susceptible and one resistant genotype ex-
hibited intermediate lesion areas. There was no evidence of
interaction between the two loci by two-way ANOVA. These
data are consistent with an additive effect of Athsql and Athsq2
on lesion susceptibility.

Discussion

We have used the Ldlr knockout model of atherosclerosis to map
susceptibility loci to mouse Chr 4 (Athsql) and Chr 6 (Athsq?2).
Athsql exhibited strong sex specificity, contributing to disease
susceptibility in females but not males. Together, genotypes at
Athsql and Athsq2 accounted for ~50% of the total variance of
lesion area among females. The DNA pooling strategy used in
this study allows the detection of independent susceptibility loci
that are common among individuals contributing to a pool. Thus,
pooling by phenotype roughly corresponds to pooling by geno-
type. The inability to detect QTLs contributing to the remaining
50% of the genetic variation of lesion area in this cross is likely
due to genetic heterogeneity, small gene effects, and gene—gene
interactions. These results are consistent with complex inheri-
tance of atherosclerosis susceptibility in the mouse model.

In previous studies, feeding an atherogenic diet to inbred
strains of mice often resulted in marked decreases of HDL
cholesterol levels in atherosclerosis-susceptible strains but not
resistant strains (18, 20, 32, 33). This common finding led to the
suggestion that genetic determinants of HDL cholesterol levels
were responsible for the differences in atherosclerosis suscepti-
bility. However, more recent studies of differential gene expres-
sion in macrophages and endothelial cells derived from resistant
and susceptible strains point out that there are differences in a
variety of pathways that could influence atherogenesis (41, 42).

In the current study, no significant associations were observed
between Athsql or Athsq2 and plasma lipoprotein levels. These

results suggest that in a hypercholesterolemic model of athero-
sclerosis, such as the Ldlr knockout model, variation in discase
susceptibility is determined by factors independent of plasma
lipoprotein levels. Similarly, genetic studies of atherosclerosis in
the apolipoprotein E knockout model suggest a role for nonli-
poprotein-related factors in determining the relative suscepti-
bility of different mouse strains (21, 42, 43). The inability of
cholesterol-lowering protocols to decrease risk of disease-
related events in many susceptible humans has highlighted the
need to develop novel therapeutic approaches. As such, the
identification of nonlipoprotein-related factors—such as those
involved in inflammation, LDL oxidation, and macrophage or
endothelial cell function—is an area of intense investigation in
the atherosclerosis field (44). Identification of the genes under-
lying Athsql and Athsq2 may shed light on novel pathways
involved in atherogenesis.

The murine localizations of Athsql and Athsq2 can be used to
predict the locations of human candidate susceptibility loci.
Distal Chr 4 (Athsql) and distal Chr 6 (Athsq2) exhibit extensive
homologies with human Chr 1p36-32 and 12p13-12, respectively
(Mouse Genome Database). The regions of homology flank the
confidence interval for each QTL, contain mapping data for
more than 50 orthologs per region, and do not overlap any other
regions of homology. Thus, Chr 1p36-32 and Chr 12p13-12 are
good candidates for focused linkage analyses with densely spaced
markers. Single nucleotide polymorphisms covering the candi-
date regions have been identified (45, 46). These markers can be
used in disease-association studies (47) to test the relevance of
Athsql and Athsq2 in human atherosclerosis.

The current mouse maps (Mouse Genome Database) contain
a number of candidate genes for both QTLs. A family of
phospholipase A2 genes has been mapped to distal Chr 4.
Overexpression of Pla2g2a in transgenic mice results in increased
atherogenesis, possibly due to the accumulation of biologically
active oxidized phospholipids (48, 49). Members of the tumor
necrosis factor receptor superfamily also map to this region of
Chr 4. Tnfr genes are involved in a diverse set of cell programs

Table 3. Fatty streak lesion areas, plasma cholesterol levels, and fasting plasma insulin levels
in Mbc-LdIr0 mice grouped by genotype at D6Mit110

Lesion area, Total C, HDL-C, Non-HDL-C,

Genotype wm?2/section mg/dl mg/dI mg/dI Insulin, ng/ml
Females

BB (n = 43) 5.8 + 2.0 X 10° 342 = 45 48 + 1 292 = 42 1.12 £ 0.79 (n = 16)

MB (n = 39) 4.2 +2.1 X 105* 341 £ 51 53+ 14 286 = 54 137 £1.12(n=7)
Males

BB (n = 47) 4.4+ 1.8 x 105 37950 66 =17 312 + 47 3.42+221(n=17)

MB (n = 45) 2.9 = 1.8 X 105%* 364 + 60 72 =12 287 = 61 3.18 = 1.77 (n = 20)

BB, homozygous for C57BL/6)J alleles; MB, heterozygous for C57BL/6J and MOLF alleles. *, P < 0.0009 vs. BB;

*%, P < 0.0002 vs. BB. Values are mean =+ SD.
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Table 4. Combined effects of Athsq? and Athsg2 on lesion areas
in 72 female Mbc-LdIr0 mice

QTL, genotype Athsq2, BB Athsq2, BM

Athsq1, MB 6.6 = 2.0 X 10° 5.3 +2.0 X 10°
(n = 22) (n = 16)

Athsq1, BB 4.1 1.4 x10° 3.2+ 1.8Xx10°
(n=11) (n=19)

BB, homozygous for C57BL/6J alleles; MB, heterozygous for C57BL/6J and
MOLF alleles. Values are mean = SD in um?2/section.

including proliferation, differentiation, and cell death (50). The
results of linkage and association studies have implicated
TNFRSF1B in insulin resistance, hypertension, and hypercho-
lesterolemia (51), clear risk factors for atherosclerosis. In addi-
tion, increased levels of soluble TNFRSF1B have been associ-
ated with atherosclerosis in case-control studies (52, 53). Mouse
genes mapped to the interval containing Athsq2, on Chr 6,
include two additional Tnfr genes, Tnfrsfla and Tnfrsf7 (formerly
known as Cd27), and a Von Willebrand factor homolog. Cav,
involved in the uptake of oxidized LDL via scavenger receptors,
and its related homolog Cav-2 (54), have been mapped to Chr 6
by in situ hybridization; these genes should be not be considered
strong candidates until the subchromosomal locations are
known. Finally, numerous expressed sequence tags of unknown
function have been mapped to distal Chrs 4 and 6; these
sequences should be considered positional candidate genes.

A comparison of human and mouse gene maps has provided
additional candidate genes for both QTLs. First, Schnyder’s
crystalline corneal dystrophy has been mapped to 1p34.1-36 by
linkage analysis (55). The disease is characterized by accumu-
lations of phospholipid, unesterified cholesterol, cholesterol
ester, and apolipoproteins Al, AIl, and E in the corneal stroma
(56, 57). There is no clear association of plasma cholesterol levels
with the disease; some affected individuals exhibit dyslipidemia
but others have normal levels (58). The evidence suggests a local
defect in HDL cholesterol metabolism or transport. It is inter-
esting to speculate that a similar defect in cells in the arterial wall
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could give rise to increased foam cell formation and increased
atherosclerosis. Although speculative, the homology between
distal mouse Chr 4 and human 1p34-36 suggests that the same
gene could perhaps underlie both Schnyder’s corneal dystrophy
and atherosclerosis susceptibility.

The second candidate gene identified by comparison of human
and mouse gene maps is OLR1, the oxidized lipoprotein recep-
tor 1 gene, mapped to human 12p13 (59). Oxidized LDL is
believed to be an essential component of atherogenesis that
induces endothelial dysfunction and accumulation of foam cells
(60). OLR1 protein (also referred to as LOX-1) is a cell-surface
receptor expressed in endothelial cells (61) and macrophages
(62) among other cell types; the receptor specifically binds,
internalizes, and degrades oxidized LDL but not native LDL
(61). Recently, OLR1 was shown to be expressed in atheroma-
tous intima (63, 64). The OLR1 gene is located within the human
natural killer gene complex on Chr 12. Comparison of high-
resolution physical maps of the human complex (65) and a
homologous region of mouse Chr 4 (66) suggest that the mouse
homolog of OLR1 (OIrI) is highly likely to map to the region of
peak linkage for Athsq2. However, direct evidence implicating
Olrl in atherogenesis is not available, and further studies are
needed to determine whether the expression or function of Olr!
differs between MOLF/Ei and C57BL/6J strains.

We have used QTL analysis to map two susceptibility loci for
the complex disease atherosclerosis. Although a number of
candidate genes have been suggested, actual identification of the
genes underlying the QTLs remains an important hurdle. The
recent successes of Vidal et al. (67) and Frary et al. (68) in
identifying the genes responsible for natural resistance to infec-
tion and tomato fruit size QTLs, respectively, demonstrate that
the hurdle is not insurmountable. Emerging information from
the Human Genome Project and the mouse sequencing effort
will increase the power of QTL analyses in the future.
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