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Abstract. C57BI/6 mice reproducibly prefer to ingest more 10% reasons noted above, even a human subpopulation is unlikely t
ethanol in a two-bottle choice paradigm than do DBA/2J mice. Inembody all of the characteristics we associate with alcoholism, ani
this paper we report the identification of two new sex-specific considerable effort has been expended in subdividing alcoholi
alcohol preferenceA(cp) loci. Melo and associates (1996) identi- populations into groups that only evidence a subset of the trait
fied two loci: Alcpl, a male-specific locus on Chromosome (Chr) commonly attributed to this disease.

2, andAlcp2, a female- and cross-specific locus on Chr 11. We  One of the more widely studied rodent models is the C57BL/6
have additionally identified\lcp3,a male-specific locus on Chr 3, (B6)-DBA/2 (D2) system. McClearn and Rodgers (1959) origi-
and Alcp4, a female-specific locus on Chr 1. We have also per-nally described the high-alcohol preference phenotype of B6 ani
formed a statistical anaIySIS to exclude the pOSSlblllty of UndlSCOVma|S and the extreme alcohol avoidance phenotype of D2 animal
ered major alcohol preference loci that are not sex-specific in oufn a paper surveying alcohol preference variations in a number o
backcross paradigm. Our results indicate that alcohol preference ippred mouse strains. It is clear that, even in mice, alcohol re.
C57BL/6 mice, as measured in our backcross, is largely controlle@>p0nse is a complex issue. For instance, while B6 mice shov
in a sex-specific manner. higher alcohol preference, D2 mice show a greater increase i
locomotor activity after ethanol exposure than do B6 mice (Cun-
ningham et al. 1992; Dudek et al. 1991; Tabakoff and Kiianmaa
Introduction 1982), as well as worse handling-induced convulsions (Goldsteir

and Kakihana 1974).

Despite substantial efforts over nearly a century, the causes that While these unusual phenotypes have been examined for yea
underlie human alcoholism are relatively poorly understood. It isPy Pharmacological approaches, neurobiological techniques, an
generally agreed that there is a genetic component to human adpiochemical analyses, only in recent years has it become possib
coholism, but until recently there has been relatively little progresg0 dissect the genetic components of the phenotypes. Early effor
in determining the exact nature of that component (Devor andocused mainly on the use of B6xD2 recombinant inbred (BXD
Cloninger 1989; Begleiter and Kissin 1995). Recently, however RI) strains generated by repeated inbreeding (for at least 20 ger
the Collaborative Study on the Genetics of Alcoholism (COGA) erations) betweenfanimals whose ultimate progenitors were the
has made significant strides. Using a number of genetic strategids6 and DBA strains. Using Rl lines, Rodriguez et al. (1994) dem-
in a large sample population of alcoholics, COGA was able toonstrated that there was moderate heritability of alcohol prefer
show suggestive linkage of alcoholism-related phenotypes to huence. They were also able to derive correlations between alcoht
man Chrs 1, 2, 4, and 7 (Reich et al. 1998). COGA was also abl@reference, alcohol acceptance, and hypnotic dose sensitivit
to examine phenotypic markers for alcoholism (Porjesz et al. 1998§HDS). Their results suggested that preference and acceptance ¢
and provide more evidence against involvement of the dopaminenly modestly correlated, while HDS was not correlated with ei-
D2 receptor (DRD2), a much discussed potential marker for alcother measure. Because it is likely that preference, acceptance, al
holism (Edenberg et al. 1998). It is likely that many of these HDS have substantially different genetic underpinnings, we will
suggestive loci represent genuine linkage to genes related to alcaddress only results of studies using substantially similar protocol
holism in humans. when considering the consistency of mapping results.
Difficulties arise in human studies from the fact that alcohol- ~ Rodriguez and coworkers (1995) later reported the results of :
ism is a complex disorder. Multiple levels of social influence mapping study with BXD RI lines. In this study they reported
combine with genetic heterogeneity and the polygenic nature ofinkage of alcohol preference to Chrs 1, 2, 6, 7, 10, 11, 15, and 17
the trait to create a scenario that is at best difficult to unravelUsing a larger marker set, Tarantino and colleagues (1998) rean:
Many of the difficulties inherent in the human system can belyzed the Rodriguez et al. (1995) data and additionally identified
overcome with the use of experimental animals as model systemgutative QTLs on Chrs 4, 5, 8, and 18. Additionally, Phillips and
Animal models have the great advantage of allowing informativeassociates (1994) identified putative QTLs for 10% ethanol pref-
matings to be performed. Studies of traits associated with alcohag¢rence on Chrs 2, 3, 4, 7, and 9. Unfortunately, Rl analyses ar
consumption have proliferated in a number of animal systemssubject to the sample size limitimposed by the number of available
including Drosophila, mice, rats, and monkeys. Of course, it islines and seldom reach the significance level later recommende
quite unlikely that any one animal system will be an adequatedy Lander and Kruglyak (1995). For this reason, Tarantino et al
model for human alcoholism. Although this is a good reason to(1998) also undertook an analysis of apdepulation to confirm
treat animal data with some caution, it by no means invalidates th@TLs nominated in their Rl work and identify new QTLs for
use of animal systems in investigating alcoholism. Indeed, for theethanol preference. Using this protocol, they identified three sig:
nificant loci on Chrs 1, 4, and 9 as well as three suggestive loci or
- Chrs 2, 3, and 10.
* These authors have contributed equally to this publication. Melo and coworkers (1996) also chose to study the simplest o
Correspondence td:.M. Silver the B6/D2 alcohol-related phenotypes, alcohol preference, in :
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two-bottle choice paradigm. This paper confirms and extendssenotypic analysisGenomic DNA was prepared from tissues accord-
many of the results obtained in that original study with the comple-ing to standard protocols. Primers for microsatellite markers polymorphic
tion of the genome scan initiated by Melo et al. (1996), confirma-between B6 and D2 (Dietrich et al. 1994) were purchased from Researc
tion of some loci, and examination of the issue of sex specificityGenetics (Huntsville, AL) or synthesized in-house, and PCR was per
for this trait in our paradigm. formed as suggested by Research Genetics. Microsatellite markers we

Melo and associates used (B6 x D2) x B6 and B6 x (B6 x Dz)typed by electrophoresis in 6% acrylamide or 3% FMC (Rockland, ME)

) - ‘Metaphor agarose and stained with ethidium bromide. Markers with ex:
b%(.:kl’?rohss brheedmg %mtoco'S to genlerar:ela Sefgregatlnglagioqmatlggptionally small polymorphisms were detected by autoradiography. Sinc
which they then used to map two alcohol preference lap the genetic protocol used was a backcross to B6, animals could be eithe
mapped to Chr 2, andlcp2 mapped to Chr 11, at significance heterozygous B6/D2 or homozygous B6/B6.

levels exceeding the threshold suggested by Lander and Kruglyak
(1995). Surprisingly, both of these loci are sex spechicplis a . )
locus with a male-specific effect residing on Chr&cp2is, if Data analysis.All data entry, storage, and analyses were performed with

anything, more unusual. It apparently is a locus with both sex and/icrosoft Excel 98 on a Power Macintosh 7200/120 (Apple). T-tests were
performed with Excel add-ins with correction for unequal variances (also

cross specificity, since the parental origin of this particular_ S€9 " eferred to as Welch'stest or the separate variantéest). Chi-squared
ment of Chr 11 seems to have an effect only on females with B({ests were performed by hand or by evaluating the appropriate formul:

fathers ar_1d Emothe_rs. . within Excel. Stepwise regressions were performed with the Excel add-in:
The differences in the distributions of alcohol preference for egression function.

B6 males and females (Melo et al. 1996), as well as the differences

in distributions for males and females in our backcrosses, suggest . ) ) ) )

that there are some non-overlapping sex-specific genetic influbinkage analysisThe linkage analysis presented is the completion of

ences involved in this trait. Rodriguez et al. (1994) noted the sam!€ 9enome scan initiated by Melo and associates (1996). The initial ge

phenomenon in their Rl lines, as did Tarantino et al. (1998) in theif10Me scan was completed in the set of animals phenotyped and partial

int It ble to hvpothesize that th loci .tﬁenotyped by Melo and coworkers, referred to here as the first set. Cor
Intercross. 1 IS reasonable 1o nypothesize that there are 10Cl Wit ation of loci was carried out with a separate set of animals phenotypec

some effect in one sex and a larger or smaller effect in the othefor that purpose, referred to as the second set.

sex. Alternatively, it is possible that a minority of the preference  |n the genome scan performed on the first set of animals, 110 micro:
phenotype derives from sex-specific loci, while the majority of the satellite markers (Dietrich et al. 1994) were chosen approximately every 1!
preference phenotype derives from non-sex-specific loci. The lackM and genotyped as described for the 20 males and 20 females in the s
of non-sex-specific loci in our backcross, however, raised the posthat expressed the highest levels of alcohol preference. Analysis of dat

sibility that neither alternative reflected the actual situation. was performed using a Chi-squared analysis for high-preference animal
Loci in high-preference animals with greater than 60% B6/B6 alleles were

investigated further by genotyping the next 20 highest animals. If the
Materials and methods marker still showed greater than 60% B6/B6, the entire population was
genotyped at that marker.
It was during this initial analysis of animals in the genome scan that the
Animals. C57BL/6J (B6), DBA (D2), and B6 x D2 (ff mice were pur-  markers3-200 and 1-295 were identified as having potential linkage to
chased from The Jackson laboratory or bred at Princeton University. F alcohol preference QTLs. (Here and henceforth, we will abbreviate all
B6 and B6 x F (collectively referred to as ) animals were bred at microsatellite markers by removing the initial D and internal Mit designa-
Princeton University. Manimals used to generate the first set of experi- tions.) As withAlcpl andAlcp2, all N, animals of the appropriate sex in
mental data (referred to here as the first set; the set used to détptand the first set were genotyped at these markers, and the preference scores
Alcp2 were phenotyped at between 2 and 9 months of age, as describezhimals homozygous B6/B6 at the markers were compared with the score
below. Animals used to generate the second set of experimental data (ref animals heterozygous at the locus. However, while this effort yielded
ferred to here as the second set; created to confirm the suggestive losuggestive results, it did not generatp-galue considered significant with
described below) were phenotyped at between 3 and 5 months of age. the threshold criteria of Lander and Kruglyak (1995). We therefore gen-
erated an additional set of,nimals as described above and genotyped all

. ) .~ N,s of the appropriate sex to attempt to confirm these suggestive marker:
Phenotyping.Alcohol preference was measured in a two-bottle choice pggitionally, we genotyped this second set of Ahimals at the locations
test. Two identical bottles, one filled with 10% (wt/vol) ethanol solution ¢ Alcpl andAlcp2in an attempt to confirm these loci.

and the other with water, were presented in a 24-h unlimited access para-
digm with ad libitum food. Bottles consisted of Corex or plastic tubes
topped by #3 stoppers with 2-inch ball-less sipper tubes. At the end of eacAnalysis of locus interactionSince there are now two alcohol prefer-
trial, old bottles were removed and replaced with a freshly prepared set. lence loci identified for each sex, it was possible to determine whether the
an effort to control for possible position preference, the positions of thetwo loci are involved in overlapping pathways. We examined epistatic,
ethanol and water bottles were reversed after each trial, although no possynthetic, complementary and additive models, using data from the first se
tion preference was noted. of animals. In each case, the animals that were homozygous and heter
Preference was recorded as the percentage of ethanol consumed diygous at each of the loci operating in that sex were separated, making fol
vided by the total fluid consumed over a 3-day trial. Three trials per mousecategories. Only animals genotyped at markers across both intervals we
were conducted for the first set and four trials per mouse were conductedonsidered. (FoAlcp2 and Alcp4, only females with B6 fathers were
for the second set. In the second set, the average evaporation from theamalyzed.) The double-homozygote category consisted of the animals th:
types of tubes was measured and subtracted from the raw scores. were B6/B6 at both loci. The first single homozygote category consisted of
A test for consistency of measures was also applied to the preferencanimals that were B6/B6 at the first locus and B6/D2 at the second locu:
scores obtained for each animal. When all values for a given animal weréand likewise for the second single homozygote). The double heterozygot
within 2 sex-specific B6 standard deviations of each other, they wereconsisted of those remaining animals that were B6/DBA at both loci.
averaged together to determine the preference score. The value for a B6 For an epistatic interaction, homozygosity at one locus would remove
sex-specific standard deviation was determined by the preference scoréise effect of differing alleles at the second locus. In the case of the firs
for a population of B6 animals as described elsewhere (Melo et al. 1996)ocus being epistatic to the second locus, the double homozygote and tf
and was a difference of 0.10 in preference score for females and 0.16 ifirst single homozygote should have the same phenotype. If, on the othe
preference score for males. hand, the second locus is epistatic to the first locus, the situation should b
When this was not the case, only the two (first set) or three (second seteversed. We tested for an epistatic interaction by performing Welch'’s
closest values were retained. If this put all values within 2 sex-specific Bét-tests between the double and single homozygous states for the first ar
standard deviations, the average was taken. Otherwise, the animal wagcond locus respectively. A significant result indicated a lack of epistasis
removed from consideration. This was necessary only for 3 of 338iMN For a synthetic interaction, homozygosity at both loci would generate
the first set and 2 of 160 J¥ in the second set. The consistency standarda high-preference phenotype, and all other combinations of homozygosit
was applied to all animals before any genotypic data were correlated. and heterozygosity would give a low-preference phenotype. For a comple
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mentary interaction, homozygosity at either locus or both loci would give Table 1. Average preference scores for the first and second sets,d@nlinals,
approximately the same preference phenotype, whereas heterozygosity guped by sex and croSs.
both loci would give a lower preference phenotype. We tested for thesé
types of interactions using an ANOVA. For a synthetic interaction, the Cross Type Both Sexes Males Females Significance
ANOVA included the double heterozygote and both single homozygotes; The first set
which should all give the same phenotype under this model. For a compleggih crosses 43+ 25(335) .38+.24(184) .50+ .26 (150)= 0.00004
mentary interaction, the ANOVA included the double homozygote and(ge x D2) x B6 .43+.26(262) .38+.24 (147) .49+ .27 (115) = 0.0008
both single homozygotes, which should also all give the same phenotypeé x (B6 x D2) .46 +.24 (73) .39+.23(37) .53+.24(36)p = 0.017
under this model. A significant result indicated a lack of synthetic or Significance: Not significant Not significant Not significant
complementary interactions respectively. The second set
The Iast al;e_rnatlve is that there is no interaction between the loci, oth Crosses 31+ .24(160) .26+.21(90) .37+ .26 (70p = 0.0017
Under this additive model, the effect of one locus is unrelated to the effecigg D2) x B6 .31+ .24(82) .24+.18(47) .40+ .27(35)p = 0.0012
of another. Our examination of this model was somewhat more descriptivegg x (86 x D2) .30+.24(78) .28+ .23 (43) .34 +.25(35)p = 0.1490
We first examined the difference between the average scores in the doubfgignificance: Not significant Not significant Not significant
homozygote and the first single homozygote versus the difference in av: —
erage scores between the second single homozygote and the double hepreference scores are reported as average + standard deviation. The number
erozygote. We next examined the analogous differences between tHiPServations is in parentheses.
double homozygote and second single homozygote and between the first
single homozygote and the double heterozygote. Under an additive model, ) |
these differences should be equal. a locus), and the alternate hypothesis was absence of a locus at that po
We also performed a stepwise regression, first adding the first locus 0" Presence of a locus significantly weaker ti#opl or Alcp2.
the first step and the second locus on the second step. We noted the
coefficients for each step and then reversed the stepwise order of addition.
Under an additive model, it should not make any difference in which orderResults
the loci are included. (In a synthetic model, on the other hand, neither locus

individually would have a notable contribution, and in a complementary _. . . . ]
model, the first locus added should have a contribution while the second?iStribution of alcohol preference scores in the first and second

should have none in either order of addition. The stepwise regression thudata sets.As previously mentioned, the alcohol preference scores
serves as a check on tests of these models as well.) differed between the first and second data sets, probably as a res
of the modifications in protocol mentioned in the Phenotyping
section of Materials and methods. As shown in Table 1, the aver
specific loci was performed with a modified chi-squared procedure. Ordi-29€sS for the Selco.nd set of anlmals were I.arg.ely .parallel, bqt some
narily, when using a chi-squared test, the expectation is that there is ny/hat lower. This is also reflected in the distribution shown in Fig.
linkage (null hypothesis), and the experimenter is looking for linkage (al-1. The distribution for the second set of animals is otherwise
ternate hypothesis) at some level of confidence. In this case, linkage at similar to the first. As has been previously found, we note that
level similar to or greater than the level shown wikeplandAlcp2 was male and female averages and distributions are generally signif
the null hypothesis, and no linkage or linkage at a level less than thatantly different.
observed forAlcpl and Alcp2 is the alternate hypothesis. In other words,
the presence of non-sex specific loci with an effect size similaklopl o » .
andAlcp2 should cause us to accept the null hypothesis (linkage) and faildentification of two new sex-specific losCompletion of the ge-
to exclude the area. nome scan begun by Melo and colleagues (1996) yielded a numb
For this test, the highest alcohol-preferring 31 females and top 23 malesf potential loci, which were further investigated by typing the
from the first set and the top 10 females and 5 males from the second seintire population of the first set for nearby markers and performing
were combined. These animals represent the top 54 of 336 phenotypes éxy_specifid-tests between animals that were homozygous B6 anc
?n?£§;i$23n2;2§ ts%‘t’ \}Vi fef iggﬁg?ﬂ%‘”ﬂeﬁ:&tg‘iostglcg?ﬂ S‘ig ESC;]?;ea}H%terozygous B6/D2 at the marker. In most cases, the investigate
' P foci failed to show an effect in the whole population and were

for each marker analyzed. (It was not necessary to collect marker infor . .
mation for all 69 animals in each case. If the region could be excluded witEonsidered false positives. However, markers 3-200, 1-295, an

fewer data points, we did not necessarily complete the remaining gend®thers nearby continued to show suggestive evidence of linkage i
types.) The null hypothesis was that 70% of the highest preferring animal$he whole population analysis. As Table 2 shows, both of these
would be homozygous (B6/B6). This level of association was chosen bemarkers hadp-values exceeding the criteriop (= 0.0034) ad-
cause it is slightly lower than the strength of linkage found for the first two vanced by Lander and Kruglyak (1995) for a suggestive locus ir
Alcp loci. (For the 40 animals used in the first genome sédoplhas a  gne sex but not the other.
male-specific association of 75%, amdcp2 has a female- and Cross- | order to determine the status of these suggestive loci, ws
Spectc assoniaton of 20, Of e oot i e icussed 1 1= P2Pertred, phenotyped, and genotyped the second setainals as

P P > ENEPT described in the Materials and methods. Genotyping revealed th:

locus, has a female-specific association of 65%). . . Lo ) .
A chi-squared test was performed for each of the markers in the geth€ regions considered suggestive in the first set of animals wer

nome scan with an expected value of 70% B6/B6 homozygotes as disdlSO significantly p < 0.05) associated with differences in alcohol
cussed above, and a criteriofi p < 0.01 for significance. Often it was preference in the second set of animals. Further, the sex specificit
unnecessary to have marker information for all of the animals, and furtheobserved in the first set was maintained in both cases. This suc
characterization was not attempted after significance was established. Fgfestive association, followed by confirmation in a second data se
the markers that had previously been identified as being associated with@emonstrates that we have identified two new, significant loci.
known sex-specific QTL, only those animals of the opposite sex and/or Unfortunately, it is not straightforward to combine the data
cross were used to determine the absence of a similarly strong non-se¥zom our two crosses to construct a confidence interval for thes:
specific QTL. ew loci. We chose, therefore, to report an interval based solely o

For markers that were impossible to exclude with these criteria, markel” ; f the fi f animal Is for th loci
information across the entire population was established, and a similag€notyping of the first set of animals. Intervals for these new loci

scheme was imposed. First, the data were corrected by subtracting out @€ shown in Figs. 2 and 3.
effect of a presumptive locus. This was done by subtracting 0.11 from the

preference scores of homozygous animals. (For all loci, the differenc P . . - . . _
between the mean of homozygous and heterozygous animals preferenpg@(ammat'on of previously identified ALCF_) locgince it was nec
sary to generate a second set gf ahimals to confirm the

scores was at least 0.11). A T-test was then performed on the modified daf® : .
set. In this case, the null hypothesis was a difference of at least 0.1Presence oAlcp3andAlcp4,we were also able to examine the loci

between the preference scores of heterozygotes and homozygotes (that@eviously identified by Melo and coworkers in a second data set

Non-sex-specific locus exclusion analygigclusion of non-sex-
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First set alcohol preference Second set alcohol preference tions. Stepwise regression was consistent with an additive but nc
I . a synthetic or complementary model. Coefficients fdcp2 of

= 25 — 0.19 and 0.18 and fohklcp4of 0.16 and 0.14 were observed when
:;f‘j gzg these loci were added in the first and second steps respectively.
H 1; z :;) Qualitatively, as can be seen in Table 3, however, both sets ©
B 5 s sex-specific loci seem to be additive with respect to each other
RN ey e 2 Comparison of diffge_rences across the_ several homozygoqs ar
SRS e@i¢’25§:;°§é9§é“:@iﬁ°”§°;9' heterozygous conditions as described in the Methods section, &
Alcohol Preference eahol Prefm:w“ well as the results presented above, suggests that there is no i

teraction between the loci identified so far. On the contrary, our

Fig. 1. Frequencies (_)f alcohol preference for the first and second set ofagits are consistent with expectations for two completely addi
animals were determined and plotted. Black bars are male preference fr‘?l've loci of anproximately equal strenath in both cases
guencies expressed as a percentage of total animals, and stippled bars are PP Yy eq 9 ’

female preference frequencies expressed as a percentage of total animals.

Exclusion of non-sex-specific loci on autosomes by modified chi
Table 2. Sex-specificp-values forAlcp loci for first and second sets of animals. ~ Squared analysisUsing the statistical procedure described in Ma-
terials and methods, we were able to exclude (0.01) non-sex-
First Set Second Set specific loci that would have resulted in the same or a larger
number of B/B homozygotes (70%) at the high end of the pheno.

Alc| Marker Males Females Males Females . L - .

P typic distribution for much of the genome. In fact, with the ex-
Alcpl 2-241 0.00000¢ 0.33 0.06 0.25 ception of the proximal end of the X Chr (0-52 cM), the entire
Alcp2? 11-195 0.38 0.00008 044 0.14 genome was successfully excluded at this level of significance. A
Alcp3 1-295 0.34 0.002 0.39 0.04 ditional signifi levelf 0.05. | furth ibl
Alcp4 3-200 0.00% 0.97 0.08 0.29 a traditional significance levelf@ < 0.05, it was further possible

to exclude all but 0—20cM of the X Chr.
2Significant < .0001 in the first set and < 0.05 in the second set) or suggestive The inability to exclude the proximal X Chr could have re-

< .0034 in the first set ahp < .06 in the scond setp-values. Thep-values for th . . _
gﬁst et were pfe\',rizuss?y pu'f),ished'gy Melo ot zj.e()igggfs @valuesiorthe g ited from a non-sex-specific (or sex-specific) locus in the area o

b For Alcp2, females refers only to females with B6 fathers, siidep2is cross-  could have been a spurious result. In order to determine which wa
specific as well as sex-specific. the case, we performed a modified T-test, as described in Material
and methods.
Our second experimental data set was analyzed at markers
associated with the lodlicpland theAlcp2identified in the first

data set by Melo and associates (TableR2x 0.06 was obtained Exclusion of non-sex-specific loci on the proximal X Cbhata for

) . . : . a larger sample of first series animals were taken and analyzed, :
for linkage with marker2-_241 in females. This result prowdes described for two markers on the proximal end of the X Chr. The
further support for the existence of tidcpllocus and its sex- . ifieq T-test allows us to exclude linkageXf124(17 cM;p =
specific effect on alcohol preference in the backcross paradlgm.0 01) andX-089(2 cM; p = 0.05). Since these two markérs flank
Un(fjolrtunat(_ecliy, vtvfe v(\;et;e L:\;]alble todconlfllrm Ilnkaggﬁtto:pz,éhllet ¢ the region that could not be excluded, we are able to exclude th
second locus dentmned by Melo and cofleagues. Lur INability 10,sqinijity of non-sex-specific loci (similar in strength to the sex-

confirm Alcp2 was disappointing but not necessarily unexpected. s : ;
Alcp2was dpetected in tﬁg first p?lace only because 7)/6% of?he lsfpecmc loci already uncovered) on the proximal end of the X Chr.

females analyzed in the first set were of the correct cross (115

animals). In contrast, only 50% of the 70 females analyzed in théDiscussion

second set were of the correct cross (35 animals). This much

smaller number of animals greatly decreases the power to detett a previous report, we presented evidence for the existence ¢

the effect of the locus. Since the major purpose of generating &vo loci—Alcpl and Alcp2—that play major roles in the alcohol

second set of animals was the confirmation of the two novel locipreference phenotype of B6 animals. Both loci were found to aci

however, and not the confirmation of the previous loci, we did notin a sex-specific mannerAlcplacts only in males, andlicp2acts

generate the additional females that would have been necessaryaaly in females. In this report, we provide further independent

confirm Alcp2. evidence in support of the sex-specific actionAlEpl and de-
scribe the identification of two additional alcohol preference

Interactions. We examined our data for interactions between thelom_AICpS andAlcp4—that also act in a sex-specific manner.

sex-specific loci identified so far. We looked for epistatic, syn-
thetic, and complementary interactions for each pair of loci, usingRelation to previous worklt is notable that suggestive loci in
the testing procedures outlined in the Methods section. similar regions have been identified n@deplandAlcp3,with an

For AlcplandAlcp3,we were able to eliminate the likelihood intercross breeding protocol and a somewhat different preferenc
of epistatic interactions in either directiop (= 0.05 for Alcpl paradigm (Tarantino et al. 1998). Tarantino and coworkers als
epistatic toAlcp3andp = 0.007 for epistasis in the other direc- identified a significant locus on Chr 1 that overlap&p4, but
tion). Additionally, we were able to conclude that our data arewhose 1 LOD support interval is distal to that Afcp4. Using
inconsistent with synthetigp(= 0.02) and complementary (= short-term selected lines, Belknap and associates (1997) also ide
0.04) interactions. Stepwise regression was consistent with an adified a suggestive alcohol preference locus ni&dlap3and a more
ditive model, but not with a synthetic or complementary model. modestly suggestive locus neficpl.

Coefficients forAlcplof 0.14 and 0.13 and coefficients fétcp3 Additionally, RI studies have previously nominated QTLS in
of 0.10 and 0.09 were observed when those loci were added on tremilar regions. Rodriguez and colleagues (1995) reported a pc
first and second steps respectively. tential QTL on proximal Chr 1, linked tB1MIT5 (33 cM), as well

For Alcp2 and Alcp4, we were also able to eliminate epistatic as a potential QTL on Chr 2, linked tddk (53 cM). It is inter-
interactions in both directiongp(= 0.02 for Alcp2 epistatic to  esting to note that each of these two QTLs had a significange of
Alcpdandp = 0.03 for epistasis in the other direction). Our data < 0.001, well within the Lander and Kruglyak (1995) criteria for a
for these loci were also relatively inconsistent with synthegie=( suggestive locus op < .0034 and rather impressive for an RI
0.07) and inconsistent with complementagy € 0.01) interac- study of a complex trait. Rodriguez and coworkers (1995) alsc
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ALCP3 Locus
3.00
o 29}
2.50 i,’
o O% /)/9&
% %
2.00 %, % 25, s
%, 2, K Fig. 2. Alcp3i | ific | Chr 3
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1 . . X
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from the first set of animals only and is used only
to estimate the confidence interval for the locus.

° 8 e ' 20 % The presence of both novel loci was confirmed with
cM on Chromosome 1 a second set of animals, as described.
Table 3. Modes of action ofAlcp loci.* cross as if it were paternally imprinted, it would be impossible in
. an F, animal heterozygous at this locus to predict whether the
Male-specific loci  Alcp1B/B Alcpl B/ID AlcplDelta  animal should have a higher or lower alcohol preference score. Th
Alcp3B/B 0.50 (.05) n= 45  0.36 (.06) n= 42  0.14 markerD11Nds2(62 cM) was, however, nominated by Rodriguez
Alcp3B/D 0.40 (05) n=32  0.24 (03)n=32  0.16 et al. (1995) in their RI study, though not confirmed by Tarantino
Alcp3 Delta 0.10 0.12 et al. (1998).
Alcp2 B/B Alcp2 BID Tarantino and colleagues (1998) also report significant loci on
Female-specific loci  (B6 father) (B6 father) Alep2Delta  Chrs 4 [nominated in Tarantino’s reanalysis of the data from Ro-
Alcp4 B/B 061 (07)n=36 041 (05 n=32 0.20 driguez et al. (1995)] and 9 [nominated by Phillips et al. (1994)],
Alcp4 B/ID 0.50 (07)n= 15  0.31(.05)n= 24  0.19 as well as another suggestive locus on Chr 10 [nominated b
Alcp4 Delta 0.11 0.10 Rodriguez et al. (1994)].

aAs discussed in the text, this table shows each locus broken down by genotype Th(:j' locus on Chr 10 has a max_imum peak of LOD 2.0 in
across the interval. The values given in the table are alcohol preference scores takdrarantino’s alcohol preference paradigm, however, so we do ng
from the first data set and are presented as preference (standard esrospmple consider it in the analysis below. It is, however, interesting to note

size. The delta in each case represents the difference between the average scoresﬁ?ét for the locus on Chr 10 (bOth in Rodriguez et al. and in

animals that are heterozygous (B/D) and homozygous B6 (B/B) across each interval. . . . .
If all deltas are the same, the results are consistent with a completely additive modell arantino et al.) the D2 allele is the increasing allele.
In other words, the genotype at the second locus is irrelevant to the effect of the locus  Much of the difference between our results and those of Tar-
being examined. antino and coworkers can be ascribed to differences in the natus
of the genetic protocol employed. We use an intercross-backcros
noted another possible QTL linked Mpmv22on Chr 1 (107 cM),  mapping protocol, which is optimal for detecting alleles that are
which could explain the extremely wide confidence interval re-D2 dominant/B6 recessive in action. Because one copy of th
ported by Tarantino and associates (1998) if they are detectingenome in N animals always comes from the B6 parent, our
both Alcp4 and a novel locus near the distal end of Chr 1. protocol will not detect B6 dominant alleles at all and is likely to
Note should also be taken of the loci that were reported inmiss partially dominant B6 alleles. The QTLs detected by Taran-
Tarantino and coworkers (1998) and not in this study or by Melotino on Chrs 1, 4, and 9 are most consistent with either B6 dom:
and colleagues (1996), and vice versa. The easiest case to considieant (Chr 1) or additive and B6 dominant (Chrs 4, 9) models. In
is that of Alcp2. The cross specificity of this locus convincingly contrast, the suggestive loci on Chrs 2 and 3 are consistent with
explains why Tarantino and other workers have not previouslyB6 recessive model. The B6 dominant nature of the locus detecte
detected a locus in this region. Since this locus acts in our backby Tarantino on Chr 1 suggests that this locus may in fact be
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distinct from Alcp4. If this is the case, the respective results of uncover any strain-specific variations, suggesting that if HTT is
these two approaches are entirely expected: We strongly deteotsponsible for the effect dflcp2,the difference is likely to be a
recessive loci on Chrs 1, 2, and 3 and miss the additional dominanmegulatory rather than a structural one.
and partially dominant loci on Chrs 1, 4, and 9. Alcp3has the most promising and likely candidate in its inter-
The sex specificity of our results, however, is an issue aparval—the ADH (alcohol dehydrogenase) complex resides at 71.:
from detection. It may also result from differences in either thecM (Mouse Genome Database 1998) as noted on FigDH is
genetic or phenotypic paradigm. Alcpl and Tarantino’s locus orclearly an important candidate because it is directly involved in
Chr 2 are likely to represent the same genetic entity, but Tarantiethanol metabolism. In humans, data from the COGA study sug
no’s results are not sex specific. Since we have confirmed the seg€est a possible protective locus on Chr 4, near AfH locus
specificity as well as the presence of this locus in a separate set §Reich et al. 1998). Additionally, alleles &DH with higher ac-
animals, we must conclude that the difference is inherent in thdivity are associated with lower levels of drinking in some Asian
paradigms examined. populations (Thomasson et al. 1991; Maezawa et al. 1995; Tanak
For Alcp3, however, the results are somewhat more promising €t al. 1996). However, it should also be noted that there is nc
We have confirmed the presence and sex specificity of this locu§lémonstrated association between ADH alleles and protectio
in two separate sets of animals. Additionally, Tarantino reports’om alcoholism in Caucasian or other non-Asian populations
that their suggestive locus on Chr 3 has a maximum LOD of 4.5 ir(Vidal et al. 1993; Gilder et al. 1993). Of course, since alcoholism

males and 0.6 in females. While addition of a second test prelS & complex disorder, the genetic causes of alcoholism may var

vented Tarantino and colleagues from reporting this as a signifi?€fween populations. Since this is the case, it is not necessary th

cant locus, it seems likely that both the locus and the sex specﬁ‘DH be relqted to alcoholism !n all pqpulations to suppose thgt it
ficity are real and reproducible between our respective paradigmé‘.1ay Ibf. acting in B6/DBA mice as it probably does in Asian
However, Phillips and associates (1994) reported a locus in femal@oPy'ations.

. . " : Hepatic ADH activity has been reported to be higher in B6
mice at essentlally the same position from Rl_data which theymice tlgan it is in D2 r:1yice (Schlesing%r et al. 1966 g?eviewed in
subsequently confirmed in short-term selected lines as a non-sexq 1996 Sheppard et al. 1968: Rao et 'al 19é7) Teichert

specific locus (Belknap, 1997). Like the results of Tarantino’s,, . P e e

. X uliszewska (1988) found that in mice differing primarily ADH
Steutdgoﬁ?ri;ggrvw:gsrlifg?g: tvc\)/hCiICk;]r %eﬂzj%si(‘?teﬁamvéoa?]eE;gg“i?i?eéleles present, there was a minor difference in alcohol preference
y y q Unfortunately, the system of alcohol metabolism is not entirely

explanation. ; ; -
S ) straightforward, and various enzymes may play more or less im
There do not seem to be any epistatic, synthetic, or compler ortant roles in different regions of the body. For instance, wher

mentary interactions between the loci identified, though because . . . )
the sex specificity we were able to examine only interactions bec-ge and DBA mice were intubated with an ethanol solution, DBA

tweenAlcp1andAlcp3,as well as those betwediicp2andAlcpa animals had a higher gastric alcohol dehydrogenase level and tht

; S lower blood alcohol level than did B6 mice (Desroches et al.
g]dzic;it\?esz(;r?ﬁ;?e two relevant ALCP loci appear to be acting in ari995). Notably, there is precedent for the possible relation of al

Our findings of four loci that affect alcohol preference in one cohol metabolic enzymes to alcohol preference in mice. He an

: . olleagues (1997) found an inverse relationship between ethan
sex but not the other, and of no loci that operate in both sexes, werg . S S
surprising and unexpected. Our statistical analysis confirms th reference and brain catalase activity, as did Gill etal. (1996). W

. e ake some caution from the fact that both He et al. and Gill et al.
\e/?é'ggg ?r]: t£|65 Ilr:i]glen?se::nodnlf;?es du;fr(te%g%ri}rﬁletlndtﬁ/tihnataalsce?(r-lgé)gtr:ﬁ‘]i::fai|8d to find a straightforward relationship between polymorphic
manner in our paradigm. It is important to note also that the Iimi-AI‘DH activity and ethanol preference, however.

. . . - Alcp4 also contains an intriguing metabolic candidate. The
tation of our technique with respect to B6 dominant alleles alsoaldehyde oxidase complex maps to 23.2 cM on Chr 1. This com

applies to the exclusion, and that the exclusion analysis will falsely . .
eliminate increasing D2 alleles. The exclusion analysis does, homPleX is composed of wo geneAox1 and Aox2, which produce

ever, allow us to eliminate the probability of non-sex-specific re-2ldehyde oxidase. Aldehyde oxidase is involved in the regenerz
) : ) tion of NAD+ from NADH (Gluecksohn-Waelsch et al. 1967),
cessive B6 alleles that increase alcohol preference in our genetic, . s necessary for both steps of ethanol’'s metabolism to ac
and phenotypic system. ! : T
The identification of two newAlcp loci of strength similar to etate. Aldehyde oxidase may thus play a role in facilitating alcohol

the original loci identified by Melo and coworkers means that we hmy?jt:bg)ili?jr;]é?i:twrelﬁptgﬁethgree ellsn(? ggog?a?r:gerggcgilcnearl%?’é
have explained an additional 27% of the genetic variance in male . ; L
(Alcp3 and 28% in femalesAlcpd). This means approximately tenfold higher level of aldehyde oxidase activity (Huff and

50% of the genetic variance in alcohol preference between B6 an gi/)i/'!(m t%]geerz)'is!na’TlsfjodIESiTJI;?1ézlSo:‘ntr?c?rlrjllqr;gnglng\(/)vrrlltr(éllﬁter::{mc%llﬁ d
D2 strains has so far been explained. Y,

It is likely that we have identified the strongeatcp loci in explain the sex specificity oklcp4if the AOX complex is indeed

: ; e : responsible for the presence of the locus. In a reciprogalopu-
both males and females. It is possible that additigxap loci of lation, Huff and Chaykin (1967) further found that maleaimals

near-equal strength are yet to be identified, but it is also possibl - .

that the unaccounted portion of the genetic variance is controllegearga?g ,ﬁ\ 2:](”2;;'5\/%(?; ?évne?%; ZS?\,ﬂ;tﬂﬁgrigdﬁgtr: r;)tgt,wv(\;f:]r?ﬁs

by a large number of much weaker loci or by the B6 dominant loci L . o X

d)e/scribgd by Tarantino. It is not possible Zt this point to predictparental phenotypes. Sllnce there is little difference between the B
; parent and the male; Fit is unlikely that there would be any larger

whether yet-to-be-identified Alcp loci will be sex-specific or not, . . -
though this report suggests that non-sex-specific loci in our para(_jlfference In AOX activity between heterozygous and homozy-

. > _ e . gous males in a backcross.
gjlgnmtif?erg likely to be weaker than the sex-specific loci already If higher aldehyde oxidase activity means less build-up of ac-

etaldehyde, this result would be consistent with the hypothesis the

human acetaldehyde levels after ethanol exposure are related to t
Candidate genes for Alcp locMWe have not made any further expression of alcoholism (Thomasson et al. 1993). There is als
progress towards identifying candidate genes in Athepl and precedent in rodents for a relationship between ethanol preferenc
Alcp2intervals, thougtHTT (the serotonin transporter) is still an and aldehyde dehydrogenase concentrations. Alcohol-preferrin
intriguing candidate foAlcp2. Unfortunately, an initial sequenc- mice and rats often have higher hepatic aldehyde dehydrogena:
ing of the HTT coding regions for the B6 and D2 strains did not (ALDH) than their non-preferring counterparts (Koivisto and
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Eriksson 1994; Koivula et al. 1975; Sheppard et al. 1970). It isHe XX, Nebert DW, Vasiliou V, Zhu H, Shertzer HG (1997) Genetic

however, important to note that Gill et al. (1996) were unable to differences in alcohol drinking preference between inbred strains of
find a simple relationship between ALDH and alcohol preference, Mice. Pharmacogenetics 7, 223-233 _

as were He et al. (1997). In fact, He et al. were unable to replicat&'uff SD. Chaykin S (1967) Genetic and androgenic control of N1-
the previously described differences in ALDH activity between the Metnyinicotinamide oxidase activity in mice. J Biol Chem 242, 1265~

B6 and D2 strains 1270 ; ;
' Hunt WA (1996) Role of acetaldehyde in the actions of ethanol on the

brain—a review. Alcohol 13, 147-151
Advanced mappingOur identified ALCP loci are currently re-  Koivisto T, Eriksson CJ (1994) Hepatic aldehyde and alcohol dehydroge.
solved to regions that are 15 to 20 cM across, which severely limits nases in alcohol-preferring and alcohol-avoiding rat lines. Biochem

Lo - ) - .~ Pharmacol 48, 1551-1558
the reliability of the candidate gene analysis approach to dissectingq:1a T, Koivusalo M, Lindros KO (1975) Liver aldehyde and alcohol

the trait. We are currently exploring several possibilities, including - genhydrogenase activities in rat strains genetically selected for their eth
Advanced Intercross Lines (AlLs) to reduce the interval that must no| preference. Biochem Pharmacol 24, 1807—1811

be examined for candidate genes. AlLs are a multigeneratiomander E, Kruglyak L (1995) Genetic dissection of complex traits: guide-
breeding protocol designed by Darvasi and Soller (1995) to en- lines for interpreting and reporting results. Nat Genet 23, 241-247
hance recombination frequency between two parental strains bylaezawa Y, Yamauchi M, Toda G, Suzuki H, Sakurai S (1995) Alcohol-
means of an “extended intercross.” Our research in the immediate Metabolizing enzyme polymorphisms and alcoholism in Japan. Alcohol

future will be directed towards narrowing the confidence intervals Clin Exp Res 19, 951-954 _
of our QTLs to less than 3 cM. McClearn G, Rodgers D (1959) Differences in alcohol preference among

inbred strains of miceQ J Stud Alcohol 20, 6B-695
Melo J, Shendure J, Pociask K, Silver L (1996) Identification of sex-
specific QTLs controlling alcohol preference by C57BL/6 mice. Nat

We have been able to identify two now&LCP loci, which when Genet 13, 147-153 .

: . : .. Mouse Genome Database (MGD), Mouse Genome Informatics, The Jack
combined with the loci detected by Melo et al. acco_unt for just son Laboratory, Bar Harbor, Maine. World Wide Web http://www.
under half of the high alcohol preference of the B6 strain. The most i ¢ormatics jax.org/ (September, 1998)
startling observation about this trait is that both male and femaleniliips TJ, Buck KJ, Wenger CD. Metten P, Belknap JK (1994) Local-
B6 animals have an extremely high preference for ethanol relative jzation of genes affecting alcohol drinking in mice. Alcohol Clin Exp
to other strains, but that the genetic factors underlying the trait Res 18, 931-941
seem to be largely different between sexes in our paradigm. FuRorjesz B, Begleiter H, Reich T, Van Eerdewegh P, Edneberg HJ, et al
ther work remains to be done to identify any remaining loci and to  (1998) Amplitude of visual P3 event-related potential as a phenotypic
more precisely map, identify, and pursue candidates for the loci marker for a predisposition to alcoholism: preliminary results from the
identified so far. COGA Project. Collaborative Study on the Genetics of Alcoholism.

Alcohol Clin Exp Res 22, 1317-1323
Rao UN, Aravindakshan M, Satyanarayan V, Chauhan PS (1997) Genc
assistance. Research described here was supported by a grant from th type- and gender-dependent hepatic alcohol dehydrogenase (ADH) a

. ; ; efivity in developing mice. Alcohol 14, 527-531
gi?\tlé)rnal Institute of Alcohol Abuse and Alcoholism (AA11024) to L.M. Reich T, Edenberg HJ, Goate A, Williams JT, Rice JP, et al. (1998)

Genome-wide search for genes affecting the risk for alcohol dependenc:
Am J Med Genet 81, 207-215
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