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ABSTRACT. Colleagues and I previously performed quantitative trait locus (QTL) analysis on plasma total-cholesterol (T-CHO) levels in
C57BL/6J (B6) x RR F, mice. We identified only one significant QTL (Cg6) on chromosome 1 in a region containing the Apoa2 gene
locus, a convincing candidate gene for Cg6. Because Cq6 was a highly significant QTL, we considered that the detection of other poten-
tial QTLs might be hindered. In the present study, QTL analysis was performed in B6.KK-4poa2® N(8) x RR F, mice [B6.KK-4poa2®
N(8) is a partial congenic strain carrying the Apoa2’ allele from the KK strain, and RR also has the 4poa2” allele] by controlling of the
effects of the Apoa? allele, for identifying additional QTLs. Although no significant QTLs were identified, 2 suggestive QTLs were
found on chromosomes 2 and 3 in place of the effects of the Apoa? allele. A significant body weight QTL was identified on chromosome
3 (Bwg7, peak LOD score 5.2); its effect on body weight was not significant in previously analyzed B6 x RR F, mice. Suggestive body
weight QTL that had been identified in B6 x RR F, mice on chromosome 4 (LOD score 3.8) was not identified in B6.KK-4poa2® N(8)
x RR F, mice. Thus, contrary to expectation, the genetic control of body weight was also altered significantly by controlling of the
effects of the Apoa? allele. The QTL mapping strategy by controlling of the effects of a major QTL facilitated the identification of addi-

tional QTLs.
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Altered cholesterol metabolism is frequently associated
with obesity and/or non-insulin-dependent diabetes melli-
tus, and serves as a major risk factor for atherosclerosis.
Therefore, proper control of plasma cholesterol levels is
clinically important. Plasma cholesterol levels are deter-
mined by both genetic and environmental factors, and
genetic factors presumably consist of multiple loci. Col-
leagues and I previously performed quantitative trait locus
(QTL) analysis to identify genes influencing variation in
plasma total-cholesterol (T-CHO) levels in F, mice between
C57BL/6J (B6) and RR strains [22]. We identified a highly
significant T-CHO QTL (Cg6) on distal chromosome 1 in a
region containing the apolipoprotein A-II (4dpoa?2) gene
locus, a convincing candidate gene for Cq6, with a maxi-
mum LOD score of 16.3 (this locus explained 33.1% of phe-
notypic variance). Other QTLs, even suggestive ones, were
not identified. Considering the facts that B6 x RR F, mice
exhibited large variations in T-CHO levels, and that four
significant QTLs (Cgq! through Cg4; of these, Cq2 was colo-
calized with Cq6 on chromosome 1) were identified in an
essentially similar analysis in F, mice between B6 and KK
(—A”) strains [21, 24], it seemed somewhat strange and dis-
appointing that there was only one QTL. We considered
that the large QTL effect of Cg6 hindered the detection of
other potential QTLs that have small QTL effects compared
to that of Cg6 (the maximum LOD score for Cq2 was 9.2,
whereas that for Cq6 was 16.3). On the basis of experimen-
tal results [8, 22, 24, 26], it is worthwhile to presume that
Apoa? is causative of Cq6. In fact, I previously concluded
that the Apoa2” allele is unique in its ability to increase cho-
lesterol levels among the commonly observed three 4poa2
alleles (4poa2“, Apoa2®, and Apoa2®), and that cholesterol
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QTL is identified in the Apoa2 region when either one of
two strains of F, mice has the Apoa2” allele (therefore the
other strain must have 4poa2? or Apoa2°) [7, 18, 22]. The
functional property of the Apoa2” allele is probably attribut-
able to the Ala-to-Val substitution at amino acid residue 61
[18, 22]. A study by Wang et al. [27] reported that Ala at
residue 61 in Apoa2® and Apoa2° strains is conserved in
wild-derived mouse strains, humans, chimpanzees, mon-
keys, horses, cattle, pigs, and rats; they concluded that Val
at residue 61 is a mutation in mice with Apoa2®. They also
carried out haplotype analysis of the strains carrying
Apoa2®, and excluded the possibility that an unknown gene
in linkage disequilibrium with Apoa2 was underlying QTLs
on distal chromosome 1 [27]. Therefore, I designed the
present study to control the effects of the 4Apoa?2 allele by
use of partial congenic mice, B6.KK-4poa2® N(8), which
had been established by successive backcrossing of the
Apoa? allele from the KK strain (4poa2®) onto the B6 strain
(dpoa2?), thereby performing a QTL analysis in B6.KK-
Apoa2® N(8) x RR F, mice. By mapping of QTLs in the
absence of a segregating Apoa? allele in B6.KK-4poa2®
N(8) x RR F, mice, and comparing the QTL results with
those in B6 x RR F;, mice, I expect that it is possible to iden-
tify additional QTLs, whose detection had been prevented
by the strong QTL effects of Cg6.

MATERIALS AND METHODS

Mice and genetic crosses: Mice of the inbred B6 and KK
strains were purchased from Clea Japan (Tokyo). The
inbred mouse RR strain had been maintained in my labora-
tory. The partial Apoa2 congenic strain, B6.KK-4poa2®
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Fig. 1. Molecular mapping of chromosomal break points in the
partial Apoa2 congenic strain, B6.KK-4poa2® N(8). Polymor-
phisms for 12 microsatellite marker loci and Apoa2 gene locus
on chromosome 1 were identified between the B6 and KK
strains. Chromosomal position of each marker locus is indicated
in a parenthesis in centi-Morgans (cM) unit from the centromere
based on the information from MGI (http://www.jax.org). A
minimum of 45 ¢cM (DIMit10-DIMit291, this is approximately
equal to 94 Mb) of B6 genome (pained out by black) has been
replaced by KK genome (white box).

N(8), had been established by successive backcrossing of
the Apoa? allele from the KK strain (4poa2®) onto the B6
strain (4poa2®) for eight generations ([22] and Fig. 1).
B6.KK-4poa2’ N(8) females were crossed with RR males to
produce F; mice, which were intercrossed to produce F,
mice. A total of 152 female F, mice were weaned at 30 days
after birth, and four or 5 mice were housed together in a
large aluminum cage. Hereafter, we define the RR strain as
having R alleles, and the B6 strain as having B alleles,
throughout the genome. All mice were maintained in a spe-
cific-pathogen-free facility, with regular light cycles of 12
hr light/12 hr dark, and with controlled temperature and
humidity. They had free access to food [rodent pellet chow,
CE-2 (342.2 kcal/100 g, containing 4.4% crude fat), Clea
Japan] and tap water. Experiments were approved by the
Institutional Animal Care and Use Committee of National
Institute of Agrobiological Sciences.

Experimental measurements: Phenotype measurements
were done on individual mice at the age of 124 + 2 days.
After 4-hr fasting, individual body weight was determined

to the nearest 0.1 g by an electric balance, and then mice
were sacrificed with overdoses of ether. Blood was col-
lected from the heart into microtubes, with heparin used as
an anticoagulant. For separating the plasma from whole
blood, the tubes were centrifuged at 7,000 rpm for 5 min at
4°C. All plasma samples were stored at —70°C until use.
Plasma cholesterol levels were determined enzymatically
with a spectrophotometer by use of clinical chemical kits
(Cholesterol E test WAKO, Wako Pure Chemical Indus-
tries, Osaka) according to the instructions of the manufac-
turer.

QTL analysis and statistics: Genomic DNA was isolated
from the tails of mice with a commercial DNA extraction kit
(Wizard Genomic DNA Purification Kit, Promega, Madi-
son, WI). Microsatellite sequence length polymorphism
was detected by electrophoresis subsequent to PCR. Most
microsatellite primers were purchased as MapPairs
(Research Genetics, Huntsville, AL), whereas others were
synthesized on the basis of information from Mouse
Genome Informatics (MGI, http://www.jax.org). Amplifi-
cation was carried out by use of a Takara PCR thermal
cycler MP (TaKaRa Biomedicals, Tokyo) under the follow-
ing conditions: 1 cycle at 94°C for 5 min; 35 cycles at 94°C
for 30 s, 55°C for 1 min, and 72°C for 45 s; 1 cycle at 72°C
for 7 min. All PCR products were electrophoresed on 10%
polyacrylamide gels for 70 min and visualized by ethidium
bromide staining.

To identify putative T-CHO QTLs, a total of 48 F, mice,
including 24 mice showing the highest T-CHO levels and 24
mice showing the lowest T-CHO levels, were genotyped for
a total of 64 microsatellite marker loci distributed on all
autosomes and on the X chromosome, with an approximate
distance between markers of 25 cM (1,600/64). A list of
microsatellite markers used in this study was already pub-
lished, with information on their chromosomal positions
[19, 22]. At each locus, one-way ANOVA was carried out.
Once a nominal P value of less than 0.05 was identified, the
remaining 104 F, mice were genotyped for the relevant mic-
rosatellite marker. Essentially the same analysis was per-
formed to identify putative body weight QTLs. In this case,
a total of 46 F, mice, including 22 mice showing the lightest
body weight and 24 mice showing the heaviest body weight,
were genotyped. In total, 80 F, mice were genotyped for all
microsatellite loci at the initial stage.

QTL analysis was carried out with Mapmaker/EXP ver-
sion 3.0b and the Mapmaker/QTL 1.1b computer program
[10]. A chromosomal region with a LOD score of more than
4.3 (threshold of statistical significance at a=0.05) was rec-
ognized as indicating significant linkage, and the region
with a LOD score between 2.8 (equivalent to P=1.6 x 1073)
and 4.3 (equivalent to P=5.2 x 1075) was recognized as
showing suggestive linkage [11]. The a level for suggestive
linkage implies the expectation that there will be one false
positive in a genome-wide search. Once significant QTLs
were identified, the 95% confidence interval (CI) for the
QTL was defined as a 1.5-LOD score support interval.
Potential interaction between marker loci was evaluated
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pairwise using Map Manager QTX b20 software [13]. For
this analysis, the threshold for significance at genome-wide
5% level was obtained for both traits (T-CHO and body
weight) by performing 1,000 permutations on the interac-
tion model of Map Manager QTX b20, and then the signifi-
cance of the total effect of the two loci was tested.

RESULTS

Comparison of T-CHO levels and body weight between
B6.KK-Apoa2® N(8) x RR F, mice and B6 x RR F; mice: T-
CHO levels and body weight were determined at the age of
130 £ 5 days after 24-hr fasting in B6 x RR F, mice, and at
the age of 124 + 2 days after four-hr fasting in B6.KK-
Apoa2® N(8) x RR F, mice. Even though both F, mice are
consisted of only females; there are thus slight differences in
the details of the experimental procedures.

Plasma T-CHO levels were higher in RR than in B6 as
shown in the previous study [22], and T-CHO levels in RR
are probably higher than in B6.KK-4poa2® N(8) based on
the results of a previous congenic analysis [22]. In the
present study, T-CHO levels were determined in all B6.KK-
Apoa2® N(8) x RR F, mice (n=152) (Fig. 2A), and were
compared with those previously determined in B6 x RR F,
mice (n=187) (Fig. 2B). The average T-CHO value was
102.0 + 24.3 (mean + S.D.) mg/dl in B6.KK-A4poa2? N(8) x
RR F, mice, and 90.9 £ 22.8 (mean + S.D.) mg/dl in B6 x
RR F, mice; the difference was statistically significant
(P<2.4 x 107%). This may be attributed to the fact that
B6.KK-A4poa2® N(8) x RR F, mice have only the Apoa2”
allele, which contributes to an increase in T-CHO [22].
Because B6.KK-4poa2® N(8) had a higher T-CHO than did
B6 [22], the difference in T-CHO values between B6.KK-
Apoa2® N(8) and RR should be smaller than that between B6
and RR. Nevertheless, there was a large variation in T-CHO
values in B6.KK-4poa2’ N(8) x RR F, mice, suggesting that
the observed large variation may be a consequence of the
contributions of multiple genes (Fig. 2A).

Body weight was determined in B6.KK-4poa2”® N(8) x
RR F, mice (n=150; I failed to measure body weight in 2
mice) (Fig. 3A), and was compared with that previously
determined in B6 x RR F, mice (n=187) (Fig. 3B). The
average body weight was 26.4 = 4.4 (mean + S.D.) g in
B6.KK-4poa2”® N(8)x RR F, mice, and 25.6 + 3.5 (mean +
S.D.) g in B6 x RR F, mice; the difference was statistically
significant (P<0.05). This may be attributed to the fact that
B6.KK-4poa2® N(8) x RR F, mice invariably have the
Apoa2”® allele. Indeed, the Cg6 region (containing Apoa?2)
was shown to have an effect on body weight in B6 x RR F,
mice, and B6.KK-4poa2® N(8) females were heavier than
B6 females [21.7 £ 1.1 (mean £ S.D.) g vs. 19.4 £ 1.7 (mean
+ S.D.) g, P<0.01]. Because RR females are heavier than
B6.KK-4poa2’® N(8) females and B6 females, the difference
in body weight between B6.KK-4poa2® N(8) and RR
should be smaller than that between B6 and RR. Neverthe-
less, there was again a large variation in body weight in
B6.KK-4poa2® N(8) x RR F, mice, suggesting that the
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Fig.2. Histograms showing distributions of T-CHO in B6.KK-

Apoa2® N(8) x RR F, mice (A) and in B6 x RR F, mice (B).
The mean + S.D. of the trait values and the number of F, mice
(n) are also shown.

observed large variation may be a consequence of the con-
tributions of multiple genes (Fig. 3A), the same as in the
case of the T-CHO.

Linkage and QTL analysis: For T-CHO levels, loci on
chromosomes 2 (D2Mit274 and D2Mit285), 3 (D3Mit25,
D3Mit230, and D3Mit102), 4 (D4Mitl12), and 9 (D9Mit212)
showed evidence for linkage on a single-point statistical
basis (i.e., P<0.05) (Fig. 4). Therefore, the remaining 104 F,
mice were genotyped for these loci. As a result, nominal P
values at loci on chromosomes 4 and 9 did not attain the
threshold for suggestive linkage (data not shown). In addi-
tion, I genotyped D1Mit270, which is located at 92.3 ¢cM on
chromosome 1 near Apoa?2 locus (92.6 cM), in 152 F,, with
the consequence that there was no significant association
with T-CHO levels as expected. Thus, two suggestive T-
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Fig. 3. Histograms showing distributions of body weight in
B6.KK-4poa2® N(8) x RR F, mice (A) and in B6 x RR F, mice
(B). The mean *+ S.D. of the trait values and the number of F,
mice (n) are also shown.

CHO QTLs were identified on chromosomes 2 and 3. A
suggestive QTL on chromosome 2 was located between
D2Mit274 and D2Mit285 with a peak LOD score 2.8. This
locus explained 9.8% of the F, phenotypic variance, with an
additive effect of 11.3, and a dominance effect of —1.6 mg/
dl T-CHO per R allele [mean + S.D. T-CHO values (mg/dl)
for genotypes at D2Mit285 in F, mice were as follows: R/R
(homozygote for R allele): 112.1 + 24.5 (n=38); R/B (het-
erozygote): 101.0 £ 24.2 (n=83); B/B (homozygote for B
allele): 92.2 £20.4 (n=31)]. On the other hand, a suggestive
QTL on chromosome 3 (hereafter referred to as ‘Chr3
locus’) was located near the microsatellite marker D3Mit25
with a peak LOD score 3.5 (Fig. 5). This locus explained
11.3% of the F, phenotypic variance, with an additive effect
of —11.7, and a dominance effect of 1.9 mg/dl T-CHO per R
allele [mean £ S.D. T-CHO values (mg/dl) for genotypes at

D3Mit25 in F, mice were as follows: R/R: 90.7 £ 27.4
(n=37); R/B: 102.8 £ 22.1 (n=78); B/B: 111.6 £ 21.6
(n=37)]. The 95% CI for the Chr 3 locus lay from 8 cM to
44 cM (Fig. 5). Because D3Mit25 showed the least P value,
because Cq3 (a T-CHO QTL previously identified in B6 x
KK-4” F, mice [19]) was mapped to mid part of chromo-
some 3, and because the normolipidemic B6 allele at Cg3
was associated with increased T-CHO levels, similar to the
B6 allele at D3Mit25, 1 performed additional genotyping of
D3Mit60 and D3Mit254 to determine whether the Chr3
locus and Cq3 are allelic. As seen in Fig. 5, the Chr3 locus
did not share the 95% CI with Cg3 (the 95% CI for Cq3 lay
from 47 cM to 62 cM)); therefore, it is unlikely that the Chr3
locus and Cg3 are allelic.

For body weight, on a single-point statistical basis, loci
on chromosomes 3 (D3Mit25, D3IMit230, D3Mitl102, and
D3Mit254), 7 (D7Mit228), 8 (D8Mit211), and 17
(D17Mit139) showed evidence for linkage (i.e., P<0.05)
(Fig. 4). Therefore, remaining 104 F, mice were genotyped
for these loci (several F, mice had been already genotyped
for T-CHO analysis). As a result, nominal P values at loci
on chromosomes 7, 8, and 17 did not attain the threshold for
suggestive linkage (data not shown). Thus, only one signif-
icant body weight QTL was identified on chromosome 3,
near the microsatellite marker D3Mit102 with a peak LOD
score 5.2 (Fig. 5). I named this locus Bwq7 (body weight
QTL 7), because Bwg! through Bwg6 had already been
assigned [1, 16, 23]. Bwgq7 explained 14.4% of the F, phe-
notypic variance, with an additive effect of —1.9, and a dom-
inance effect of —0.6 g body weight per R allele [mean +
S.D. body weight (g) for genotypes at D3Mit102 in F, mice
were as follows: R/R: 25.3 + 2.0 (n=32); R/B: 26.5 + 2.8
(n=81); B/B: 28.7 £ 3.8 (n=37)]. The 95% CI for Bwgq7 lay
from 38 cM to 63 cM (Fig. 5); therefore, Bwg7 shared the
95% CI with Chr3 locus and with Cq3. Because the R allele
was associated with decreased trait values at these loci,
either Chr3 locus or C¢3 may be allelic with Bwgq7.
Although D4Mit225 was the closest marker for a suggestive
QTL for body weight in B6 x RR F, mice [22], this locus
had no significant effect on body weight in B6.KK-4poa2®
N(8) x RR F, mice.

As described in the MATERIALS AND METHODS sec-
tion, totally 80 F, mice were already genotyped for all mic-
rosatellite loci at the initial stage; therefore, potential
interaction between marker loci was evaluated pairwise
using Map Manager QTX b20 software. However, no sig-
nificant interactions were identified for both traits.

DISUCUSSION

In the present study, QTL analysis on T-CHO levels and
body weight was performed in B6.KK-4poa2’ N(8) x RR F,
mice by controlling the effects of the Apoa? allele, to iden-
tify QTLs in addition to those identified in the previously
studied B6 x RR F, mice [22]. For T-CHO levels, although
no significant QTLs were identified, two suggestive QTLs
were identified on chromosomes 2 and 3 in place of the
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effects of the Apoa? allele. Because B6.KK-Apoa2? N(8) x
RR F, mice exhibited large variations in T-CHO levels, as
much as did B6 x RR F, mice, the observed variation should
be attributed primarily to loci on chromosomes 2 and 3. The
phenotypic effects of these loci are apparently weaker than
those of Cg6. Nevertheless, I consider that the cumulative
and/or combinational action of these loci may make it possi-
ble to produce QTL effect that is equal to that of Cq6 on the
basis of following reasons. First, the fact that loci on chro-
mosomes 2 and 3 exert opposite direction with each other

might contribute to the variations in T-CHO levels. Indeed,
the R allele was associated with increased T-CHO at locus
on chromosome 2, whereas the R allele was associated with
decreased T-CHO at locus on chromosome 3. Thus, a com-
bination of loci may produce a large variation in T-CHO in
F, mice. Second, the variation may be dependent on inter-
action between loci. Indeed, I previously showed that the
effect of Cg3 on T-CHO was further enhanced in combina-
tion with the specific 4poa?2 allele from the KK strain [19];
thus, specific combinations between loci produce the QTL
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effects that cannot be explained by any single locus effect.
This possibility was partly tested in the present study; how-
ever, no significant epistatic interactions were identified by
testing all pair of loci. More than two loci may interact with
one another to produce large phenotypic effect; however,
the number of F, mice (n=152) is too few to test this possi-
bility.

For body weight, significant body weight QTL was iden-
tified on chromosome 3 (Bwgq7) with the peak LOD score
5.2. The effect of Bwg7 was not significant at the genome-
wide linkage level, but was significant on a single point sta-
tistical basis (nominal P value < 0.05) in previously ana-
lyzed B6 x RR F, mice [mean + S.D. body weight (g) for
genotypes at D3Mit102 in F, mice were as follows: R/R:
25.0 £ 3.1 (n=44); R/B: 25.3 £ 3.5 (n=95); B/B: 26.6 £ 3.6
(n=48)] [22]. Furthermore, the R allele at D3Mit102 was
associated with decreased body weight in both F, mice.
Therefore, I consider that the effect of Bwg7 would rather be
enhanced than be newly produced in the absence of the
effect of the Apoa? allele. With regard to a suggestive body
weight QTL identified in B6 x RR F, mice on chromosome
4 (LOD score 3.8), I cannot explain the reason why the
effect of this locus was not detected in B6.KK-Apoa2® N(8)
x RR F, mice.

In a similar way as with T-CHO levels, B6.KK-Apoa2®
N(8) x RR F, mice exhibited large variations in body
weight, as much as did B6 x RR F, mice. The observed
variation should be primarily attributed to Bwg7. Thus, it
was noteworthy that the genetic control of body weight was
also altered significantly by controlling of the effects of the
Apoa? allele.

Murine chromosome 3 contains multiple QTLs and genes
for T-CHO and body weight. For T-CHO control, several
studies have identified CHO QTLs on chromosome 3.
Machleder et al. [12] identified an HDL-CHO QTL near
D3Mit120 (28 cM) in B6 x C3H/HeJ F, mice, and the C3H
allele was associated with increased HDL-CHO levels.
Mehrabian et al. [14] identified T- and HDL-CHO QTLs
near D3Mitl12 (49.2cM) in B6 x CAST/Ei F, mice, and the
B allele was associated with increased CHO levels. Shike et
al. [17] identified a T-CHO QTL (Tcho-1) near D3Mitl2
(49.2 cM) in a backcross between KK x (BALB/c x KK) F,
and the K allele was associated with increased T-CHO lev-
els. Anunciado et al. [2] identified T-CHO QTL near
D3Mit46 (13.8 cM) in SM/J x A/J F, mice. Colinayo et al.
[6] identified T- and HDL-CHO QTL near D3Mit241 (33
c¢M) in B6 x DBA/2J F, mice, and the B allele was associ-
ated with increased CHO levels. Korstanje et al. [8] identi-
fied an HDL-CHO QTL (Hdlg21) near D3Mit11 (49 cM) in
SM/J x NZB/BINJ F, mice. Several of these loci on chro-
mosome 3 may be the same as the suggestive QTL identified
in this study. In addition, the thioredoxin interacting protein
(Txnip) gene, whose mutation is known to cause hyperlipi-
demia, is also located on the mid-part of chromosome 3 [3,
5].

For body weight control, the mid-part of chromosome 3
also contains several body weight- and/or obesity-related
QTLs and genes. Brockmann et al. [4] analyzed the Du6
mouse strain, which had been selected for high body weight,
and identified an abdominal fat weight QTL (4fw/) and an
abdominal fat percent QTL (4fpgq1). Moody et al. [15] iden-
tified a body weight QTL at 10 weeks (W¢10q2) and a brown
fat QTL (Batq2). Koza et al. [9] identified an obesity-
related QTL (Zba2) in backcross progeny between B6 and
A/]. There are also two body weight/ obesity genes on chro-
mosome 3. One is fatty acid binding protein 2, intestinal
(Fabp2, 55 cM) [25]. In particular, male Fabp2-deficient
mice exhibit increased body weight as well as hyperin-
sulinemia [25]. Because I also identified a suggestive QTL
for fasting insulin on the mid-part of chromosome 3 in pre-
viously analyzed B6 x KK-4” F, mice [20], Fabp? is plausi-
ble candidate gene. The other body weight/ obesity gene is
potassium voltage-gated channel, shaker-related subfamily,
member 3 (Kcna3, 52.3 cM). Xu et al. [29] generated
Kcna3-deficient mice and showed that mutants were signif-
icantly lighter than wild-type littermates. They speculated
that Kcna3 has a role in regulating the basal metabolic rate.
Because the 95% CI for Bwg7 extends from 38 cM to 63
cM, both Fabp2 and Kcna3 are contained within the CI, and
therefore these are plausible candidate genes for Bwg?7.

Finally, Welch et al. [28] reported the results of a genetic
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analysis similar to the present study. They produced B6.C-
H25c x BALB/cJ F, mice, and they analyzed genetic control
of T-CHO levels by controlling of the effects of the Apoa?2
allele. Four significant QTLs were identified on chromo-
somes 6, 13, 15, and 19; of these, the locus on chromosome
6 was female-specific, and the locus on chromosome 13 was
male-specific. Thus, none of the QTLs were colocalized
with the present loci; suggesting that the procedure used by
Welch et al. [28] as well as the present study, will be bene-
ficial for searching for additional QTLs. However, as
Welch et al. [28] did not perform an analysis on B6 x
BALB/cJ F, mice, it was not certain whether these 4 loci
were detected in place of the effects of the Apoa?2 allele.
The QTL mapping strategy by controlling of the effects of a
major QTL facilitated the identification of additional QTLs.
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