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Parametric and nonparametric statistical methods have been apptteatcohol
dependencedatasetcollected in the Collaborative Study on the Genetics of
Alcoholism (COGA). Our nonparametric linkage analyses (NPL) were bas#ueon
S, statistic of GENEHUNTER [Kruglyak et al., 1996] and the improved NPL
statistic of GENEHUNTER-PlugKong and Cox, 1997]. Basedon likely regions
for alcohol susceptibility genesidentified from our nonparametricanalyses,we
reanalyzed the data using several two-locus models. We us@thiK program
[Lathrop and Ott, 1990] in the LINKAGE package for these parametric analyses.
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INTRODUCTION

Recentlinkage studiesof genome-widescanfor genesaffecting the risk for alcoholism
provided evidence for linkage between susceptibility focialcohol dependenc¢AD) and
regionson chromosomed, 2 and7 [Reichet al., 1998]. Theseresults were obtained
basedon nonparametricsib-pair methods,and the affected status phenotypesusedwere
derived according to the COGA diagnostic criterion. Since bredkimgies into sib-pair
datamay lose information for linkage, we explored alternative approachef linkage
methodsthat make fuller usageof information provided by families as a whole. In
addition tousing phenotypesinderthe COGA criterion, we also use affectedstatusdata
underthe World Health Organizationdiagnosis(ICD10). Previoussegregatioranalysis
[Yuan et al., 1996] rejectedthe hypothesisof a single-locusmajor gene model with
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Mendelian segregation f&D. This coupledwith evidenceof linkage on morethanone
chromosomal region led us to the exploration of two-locus models.

METHODS
Nonparametric Analysis

To determine &etof likely regionsfor alcohol susceptibilityloci, nonparametric
linkage analysis(NPL) basedon the Kong and Cox lod score derived from the S,

statisticof GENEHUNTER-Plugversionl1.1) [Kruglyak et al., 1996; Kong and Cox,
1997]wasused. This statistic comparesthe allele sharingby descentfor all affected
membersof the pedigree. For all pedigreeswith 2N — F < 16, all membersof the
pedigreewere usedwhere N is the numberof non-foundersand F is the number of
foundersin the pedigree. In any pedigreewith 2N — F > 16, membersof the pedigree
were droppedbasedon the programdefaults,which tries to selectthe leastinformative
nonfounder members of the pedigree, utfitd cutoff of 16 wasmet. The analysesvere
done under both diagnostic criteria and all pedigrees were usedntnechromosomed
through 22. In addition, chromosome 4 veasminedto seeif therewas excesssharing
among the unaffected pedigree members to followmpg previousfinding [Reich et al.,
1993].

Parametric Analysis Using Two-locus Models

Two-trait-locus, one-/two-marker-locus linkage analysese carriedout using the
TMLINK program[Lathrop andOtt, 1990] of the LINKAGE package[Lathrop et al.,
1984]. We assumedhat the two postulateddiseasdoci were diallelic and on different
chromosomes. Locus 1 had two alleles, the disease alieidthe normalallele A, with
frequenciep and 1 -, respectively. Locus 2 had two alleles, the disease allatelthe
normal alleleB, with frequencieqy and1 — g, respectively. We consideredwo types of
models:doublerecessiveand dominant/recessive.For the double recessivemodel, we
assumecdcompletepenetrancenith p = q = 0.1. Therefore,those who were doubly
homozygoudor a andb must be affectedand must be the only ones affected.For the
dominant/recessivenodel, we assumedtomplete penetranceat the recessivelocus) for
those who are homozygobbk. We then estimatedllele frequencie, g, and penetrance
f for those who carried at least one copy ofdiseasggenea at the dominantlocus. To
estimate these parameters, we assumed that the quapallationprevalenceor AD was
0.1, and the relative risk of a child given that a parentwas affectedis 0.3. These
prevalenceand risk valuesimplied that p = 0.045, g = 0.228, and f = 0.574. The
dominant/recessivenodel was discussedn Schork et al. [1993]. See the Discussion
Section for an explanation on the choices of parameters and additional models.

For two-trait-locus, one-marker-locus analysis, one of the trait lociasssmedo
be linked to a markerlocus at recombinatiorfraction 8, while the location of the other
trait locus was unspecified. We computed the lod score

LOD(6) = log, L(6,0.5)/L(0.5,0.5); G 6< 0.5.

Under the null hypothesisthat 8 = 0.5, 2 log(10) times the maximum lod scoreis
asymptoticallydistributedas a mixture of a point massat zeroanda )(12 with mixing



parameterd/2 and1/2. For two-trait-locus,two-marker-locusanalysis,eachtrait locus
was assumed to be linked to a marker, eachdifiexent chromosomeWe computedthe
lod score

LOD(6y, 6,) = log;; L(6;, 6,)/L(0.5,0.5),

where@, is therecombinatiorfraction betweena pair of trait and markerloci. Underthe
null hypothesis thaf; = 8, = 0.5, 2 log(10}imes the maximumlod score(maximizing
over both 8; and®,) is asymptoticallydistributedas a mixture of a point massat zero,

X?Z, and x3 with mixing parameters 1/4, 1/2, and 1/4 respectively.

RESULTS
Nonparametric Analysis

No positions stand out strongly in the NRhalyses. Underthe COGA criterion,
only chromosomel and 6 had Kong and Cox lod scoresof over 2. For the ICD10
criterion, nochromosomeschieveda lod scoreof over2. Thetwo chromosomesvith
the most significant results under this criterion ween810. Summariesf the results
for thesechromosomesre shownin tablel. It is interestingthat for the four loci
mentioned, the lod scores patterns are quite different under the two diagnostic dditeria.
multipoint findings for chromosomet appearto agreewith previousfindings. For the
unaffected members of thedigreesa lod scoreof 2.08 was found at markerD4S2393,
which is in the same genenadgion previously suggestedor a potential protectivelocus
[Reich et al., 1998]. Theesultsfor chromosome®0 and22 suggesthat thereis little
evidence for trait loci on these chromosomes as the Kong antb@sxkoresare 0 across
the intervalsof markersobserved. The remainingchromosomegive less clear results,
with lod scoreslessthan 2 in the regionsstudied. In particular,chromosome/ did not
haveas significantresultsas seenin the analysesn Reichet al. [1998]. Howeverthe
maximum lod scoreof 1.05 underthe COGA criterion occurredin the sameregion as
found by that group.

Tablel. Resultsfrom GENEHUNTER-Plusfor selected locations under both diagnostic criteria

COGA ICD10
Chromosome Positon ~ Nearest Marker Lod Score  p-value Lod Score  p-value
1 176.3 D1S534 2.539 0.00031 0.820 0.026
6 23.0 D6S1006 2.390 0.00045 0.090 0.260
8 130.9 D8S594 0.051 0.314 1.717 0.0025
10 46.7 D10S1426 0.941 0.016 1.890 0.0016

Two-locus Analysis

We performedtwo-trait-locus, one-marker-locusnalysisfirst to screenthrough
sets of marker loci on chromosomes21,7 and8 that wereidentified as possiblelinked
markerswith AD susceptibilityloci. Markerson chromosomed. and 8 were chosen
basedon preliminary multipoint NPL analysesand markerson chromosomes and 7
were based on previous findings [Reich et al., 1988th the COGA andICD10 criteria
were examined. For the dominant/recessive model, we exploretuh&onin which the
dominant locus was linked to a marker and the situatiavhiich the recessivdocus was



linked to a marker. Our results revealed that, for alkhihee modelsconsideredD1S534

and D8S1145 showed the strongest evidence for linkage among all the ncarigigered.
Apart from the casewhere the dominantlocus was assumedto be linked to marker

D1S534,dataunderthe ICD10 criterion always provided strongerevidencefor linkage

than data under the COGA criterion. Table Il summarikesesultsfor markersD1S534
and D8S1145 under the ICD10 criterion. The maximum lod score, its associated
recombination fraction, and the p-value are provided.

Tablell. Resultsfrom two-trait-locus, one-marker-locus analyses. For the dominant/r ecessive model,
we assumed that either the dominant locus was linked to the marker under consideration or the
recessive locus was linked to the marker.

Model Marker 6 Lod Score p-value
double recessive D1S534 0.20 2.02 0.0011

D8S1145 0.20 1.94 0.0056
dominant/recessive D1S534 0.10 0.53 0.0590
(dominant locus linked) D8S1145 0.05 1.06 0.0140
dominant/recessive D1S534 0.10 1.96 0.0013
(recessive locus linked)  D8S1145 0.10 1.81 0.0019

The two-trait-locus, two-marker-locusinkage analysiswas performed assuming
that one of the trait locus wdisked to D1S534andthe otherlinked to D8S1145using
data under the ICD10 criterion. For the double recessive model, the maximum lodfscore
3.85 was achieved & = 6, = 0.2. The lod score corresponds to a p-valué & 107°.

Figure 1 showghe entire lod scoresurface. For the dominant/recessivenodel with the
dominant locus linked to D1S534 and the recessivelocus linked to D8S1145, the
maximum lod scoreof 1.95 was achievedat 8; = 0.2 (betweenthe dominantlocus and

D1S534)and 6, = 0.1. This yields a p-value of 0.0042. For the dominant/recessive

model with the dominant locusow linked to D8S1145while the recessivdocus linked
to D1S534, the maximum lod score of 2.53 was achiewéj = 6, = 0.1. This yields a

p-value of 0.0011, and the entire lod score surface is shown in Figure 2.

Figure 1. Lod score surface for two-trait-locus, two-marker-locus analysis for the double recessive
model. MarkersD1S534 and D8S1145 are assumed to be linked to the two trait loci.

Figure 2. Lod score surface for two-trait-locus, two-marker -locus analysis for the dominant/r ecessive
model. Marker D1S534 is assumed to belinked to the recessive locus and marker D8S1145 is assumed to
belinked to the dominant locus.

DISCUSSION

Results from our analysesprovided evidence for AD susceptibility loci on
chromosomes 1 amdl underthe COGA criterion. While underthe ICD10 criterion, the
resultsprovidedevidencefor linkage on chromosome8 and10. It is noteworthythat
different chromosomeswere identified as likely regionsfor AD loci under the two
diagnostic criteria.Furthermorechromosome$, 8 and 10 were not identified as likely
regions for linkage in Reich et al. [1998Dn the other hand,while they found possible
AD loci on chromosome 7, our results provided little evidence for that. diffésencein
findings may be due to Reich et al. [1998] performing sib-pair based analieezasour
analyses examinte sharingamongall affectedindividuals. It may also be dueto false
positives, or false negatives.Regardlessthese results suggestthat there might be



multiple genes responsibfer AD, thoughsomeof theseresultsdo not meetstatistical
significance. This is consistent with results from segregation analyses perfoynyen
et al. [1996], leadingto the hypothesisthat the underlying genetic mechanismfor AD
may be oligogenic. We examinedseveraltwo-locusmodelsto investigatewhetherthey
were more adequate in describing the genetic mechanism of AD. Besidi@s ttypes of
modelswhoseresultswere reportedin the current paper,we also examinedthree other
typesof models:dominant/dominantthreshold,and heterogeneitfSchorket al., 1993;
Goldstein et al., 1996]. Other than the double recessive model, parameters obthiéthe
models were estimated assuming population prevalen@d afnd relative risk of 0.3 for
a child of an affected parent. The overall population prevalen@elofias chosenbecause
the data description provided the risk for AD to be about 17% in male4%rnd females
[Reich]. In Yuan et al. [1996], they estimated tieative risk of affectionfor children of
affected parents to be about twice as high as that for children of unaffecteds.On the
otherhand,our estimateof relativerisk from the datawas higher. Basedon these,we
chose the relative risk to be 3 times of the population prevalence. Regardless)dtiekse
parametersvere not estimatedsimultaneouslyin our linkage analysis,guaranteeinghat
the asymptotic distribution of our test statistic to be cor@€ttall the modelsexamined,
the only modelthat showedstatisticalsignificancefor linkageat an a level of 0.0001
was the double recessiveodel, andwe note that the significancelevel was not adjusted
for multiple tests. However, there is no reason to belthaéethis modelwas adequatén
describingthe mechanisnof AD. This model was chosenprimarily for its simplicity
rather than foiits plausibility. For example,the populationprevalenceunderthis model
was 0.0001, which was far from the true population characteristic. One possible
explanation for the significance result is tha might havefound a false positive result
with an incorrectly specifiedmodel. Our results also suggestthat the underlying true
model for AD might be much more complex than any of the two-locus models
considered.
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