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A report on an initial genome screen on 540
individuals in 97 families was collected as
part of the NIMH Genetics Initiative on Bi-
polar Disorder. Families were ascertained
to be informative for genetic linkage and
underwent a common ascertainment and as-
sessment protocol at four clinical sites. The
sample was genotyped for 65 highly poly-
morphic markers from chromosomes 1, 6, 8,
10, and 12. The average intermarker inter-
val was 16 cM. Genotypic data was analyzed
using affected sib pair, multipoint affected
sib pair, and pedigree analysis methods.

Multipoint methods gave lod scores of ap-
proximately two on chromosomes 1, 6, and 10.
The peak lod score on chromosome 6 oc-
curred at the end of the q-arm, at some dis-
tance from the 6p24-22 area previously impli-
cated for schizophrenia. We are currently
genotyping additional markers to reduce the
intermarker interval around the signals.

The interpretation of results from a genome
screen of a complex disorder and the problem
of achieving a balance between detecting

false positive results and the ability to detect
genes of modest effect are discussed. Am. J.
Med. Genet. 74:247–253, 1997.
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INTRODUCTION

There is convincing evidence that susceptibility to-
wards bipolar affective disorder is transmitted through
genetic factors [see Craddock and McGuffin, 1993;
Sham et al., 1992], but the basic questions of mode of
inheritance and identification of particular susceptibil-
ity loci remain largely unanswered [Baron, 1991]. Sev-
eral genomic regions have been implicated as candi-
date regions during the past twenty years, but many
have failed to replicate [see Risch and Botstein, 1996].
The rate of discovery of possible loci has increased with
polymorphic DNA marker and polymerase chain reac-
tion (PCR) technology, leaving us with regions of chro-
mosomes 4, 5, 6, 11, 12, 13, 15, 16, 18, 21, and X im-
plicated at one time or another. Current interest fo-
cuses on chromosomes 4, 18, and 21 [Detera-Wadleigh
et al., 1997].

The NIMH Genetics Initiative for Bipolar Disorder
was originally designed to provide a large sample of
genetically informative bipolar pedigrees and associate
DNA for study by the scientific community [Blehar et
al., 1988]. We report on the genetic analysis of 97 fami-
lies selected to have at least one affected sib pair; we
also implement some recent improvements in statisti-
cal methodology. The Washington University Center is
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mapping chromosomes 1, 6, 8, 10, and 12. Previous
work has indicated potential linkage to several regions
on these chromosomes. Craddock et al. [1994] has
shown co-segregation between the Darier’s disease
gene locus and bipolar disorder at 12q23-q24.1 in a
single family in Great Britain. This finding was ini-
tially refuted as being a bipolar-only locus by Ewald et
al. [1994] using two families showing susceptibility to
bipolar disorder but no history of Darier’s. However,
subsequent analyses [Dawson et al., 1995a; Dawson et
al., 1995b] using 45 families with only bipolar disorder
showed modest evidence for linkage to the Phospholi-
pase A2 gene locus. An analysis of fragile sites in bipo-
lar and unaffected individuals showed a higher fre-
quency of a fragile site at 1q32 in the bipolar popula-
tion compared to controls using low folate media
[Turecki et al., 1995]. Despite the low power of the
study (10 affected vs. 10 controls), the rarity of this
particular cytogenetic marker and previous evidence
for cytogenetic abnormalities in transmission of bipolar
illness [Craddock et al., 1993] provide an impetus for a
closer examination of such abnormalities.

Taylor et al. [1993] reported an increased risk of af-
fective disorder in relatives of schizophrenics. Chromo-
some 6q24-22 has been implicated in the predisposition
of schizophrenia [Straub et al., 1995; Wang et al., 1995;
Schwab et al., 1995], with the strongest evidence for
linkage found in 6p23-loci D6S260-D6S274-D6S285, a
region of about 5 cM.

We report here the results from our initial genome
screen of chromosomes 1, 6, 8, 10, and 12. These analy-
ses use multiple perspectives (affected sib pairs, entire
pedigrees, multiple diagnostic schema and multipoint
affected sib pair methods) to identify hot spots for fur-
ther study. The initial screen has generated a 20 cM
map, with the next step being the creation of a high
density map in the targeted regions to permit multi-
point analyses. The overall design of the study is pre-
sented in this issue [NIMH Genetics Initiative Bipolar
Group et al., 1997], as well as the results from the initial
screen of the other chromosomes [Detera-Wadleigh et
al., 1997; Stine et al., 1997; Edenberg et al., 1997].

MATERIALS AND METHODS
Genotyping

The microsatellite polymorphisms were detected by
PCR using oligonucleotide primers. The majority of
markers were tetranucleotide repeat polymorphisms
from the CHLC maps. Dinucleotide polymorphisms
from Utah and the Genethon maps were used only
when gaps of >20 cM existed in the tetranucleotide
repeat map. The forward primers were labelled at the
58 end with a 6-carboxyfluorescein known as 6-FAM,
tetrachlorinated analogue (TET), or hexachlorinated
analogue (HEX) (Applied Biosystems). The markers
were carefully selected so that each chromosome set
could be multiplexed on single ABI gel (in the case of
chromosome 1 two sets were required to cover the chro-
mosome). The 5-ml PCR reactions contained 100 ng
template DNA, 3.5 pmol end-labeled forward primer
and unlabeled reverse primer, 0.2 mM dNTPs, 1 u Taq
DNA polymerase (Perkin-Elmer) and 1 ml 5X buffer

(7.5 mM MgCl, 250 mM KCl, 50 mM Tris HCl pH8.3).
All reaction cocktails were aliquoted into a 96-well Fal-
con assay plate using a Beckman-1000 Workstation.
PCR reactions were carried out on a Hybraid Omni-
Gene thermal cycler using the following cycling condi-
tions: initial denaturation at 96°C for 4 min, followed
by optimized (22∼28) cycles of 94°C for 1 min, opti-
mized annealing temperature (56°∼62°C) for 1 min,
and 72°C for 45 sec, and a final extension of 5 min at
72°C. The PCR products were then diluted eight-fold
using the Beckman Workstation. 0.8 ml of diluted PCR
product was mixed with 2.5 ml of deionized formamide,
0.4 ml internal lane (size) standard (TAMRA-350, Ap-
plied Biosystems) and 0.5 ml loading dye, denatured at
97°C for 5 min, rapidly cooled on ice and then electro-
phoresed on a 6% denaturing polyacrylamide gel. The
alleles were detected on an ABl 373 automated DNA
sequencer using 672 GENESCAN software. Control
samples were loaded on every gel. All alleles were ini-
tially genotyped semiautomatically using GENO-
TYPER software (Applied Biosystems).

Estimated base pair sizes are given to two decimal
places. The simple rounding of these sizes is problem-
atic due to gel-dependent shifts [Rice et al., 1995], so
heterozygous controls were used on each gel with each
marker to permit standardization across gels.

We used scoring algorithms which are part of the
database system GENEMASTER on a SUN Worksta-
tion. Data were first transferred from the lab Macin-
tosh to the SUN, and entered into the system. A shift
constant for each family was computed so that geno-
types round to appropriate values (integers which are
2, 3, or 4 apart for di-, tri-, and tetranucleotide repeats,
respectively). Once the genotypes were scored, they
were again shifted so that the standard on each gel
coincided with control values. Both the initial genotype
and data flagged as non-inheritance errors were re-
checked manually with GENOTYPER and CRIMAP
software in order to minimize the error rate.

Marker Frequencies and Map

Once the marker data were clean, the allele frequen-
cies were estimated using the program USERM13
[Boehnke, 1991] and entered into the GENEMASTER
database. For a given chromosome, the marker order
was specified and the program CRIMAP used to esti-
mate the (sex-averaged) distances given in Tables I
through V. A Kosambi map function was assumed in
these computations.

Subjects and Diagnoses

A total of 97 families were included in the genetic
analyses. There were 623 individuals with final best
estimate diagnoses and 540 individuals with DNA
available for genotyping in these families. In the
sample of 540 genotyped individuals, 32 had a diagno-
sis of schizoaffective bipolar (SA/BP), 232 of bipolar I
(BPI), 72 of bipolar II (BPII), 88 of recurrent major
depressive disorder (UPR), 71 with other diagnoses,
and 45 were never mentally ill (NMI). These families
were chosen to be dense, informative families for link-
age linkage. Parents were included when DNA was

248 Rice et al.



available. The families averaged 5.6 individuals geno-
typed, ranging from 1 family of 2 members to 2 families
with 14 each. Details on the ascertainment process and
diagnostic procedures are provided elsewhere in this
issue.

Three parallel sets of analyses were performed under
these diagnostic schema—Models I to III. Under Model
I individuals were classified as affected if they had a
lifetime diagnosis of SA/BP or BPI. Model II also in-
cluded as affected individuals those with a diagnosis of
BPII, and Model III included individuals with UPR.
Individuals who were NMI were included as unaf-
fected, and all others were coded as unknown. The
number of affected sib pairs for a particular marker is
given in Tables I through V. These are calculated as all
possible affected sib pairs when more than two affected
siblings are part of a nuclear family.

Affected Sib Pair Analyses

The affected sib pair analyses [Blackwelder and El-
ston, 1985] used version 2.7.2 of SIBPAL, part of re-
lease 2.2 of S.A.G.E. (Statistical Analysis for Genetic
Epidemiology) [1994]. The mean identity by descent
(IBD) is computed and compared to the value of one
half expected for full siblings under the hypothesis of
no linkage. This method uses all genotypic information
to estimate IBD, but only uses affected sib pairs as the
unit of analysis. In this version of SIBPAL, separate
tests are performed for full-sib and half-sib pairs. We
report on only the test based on full siblings. When
parents are untyped, the gene frequencies of the
marker alleles are used to estimate IBD.

MOD Score Analysis

We also used a technique introduced by Risch [1984],
referred to as the MOD score method. This method
uses the likelihood of marker data conditioned on all
trait phenotypes:

L 4 P (marker data|all trait phenotypes)

It notes that this formulation obviates the need for sys-
tematic ascertainment of pedigrees and provides infor-
mation on the mode of inheritance only via the linkage
information. Risch viewed this as an extension of the
affected sib pair method to arbitrary pedigrees.

Clerget-Darpoux et al. [1986] introduced the term
MOD score the model lod score, computed by maximiz-
ing the lod score under the assumption that the trait is
determined by a single diallelic locus with recombina-
tion fraction q and parameters f 4 (p, f1,f2f3), where p
is the gene frequency and f1,f2f3 are the three pen-
etrances associated with the trait locus. Elston [1989]
noted the equivalence of this method to that of Risch
when the trait is controlled by a single locus.

We used the entire pedigree for the MOD score
analysis and the program MODLINK [Rosalind Neu-
man, personal communication], a modified version of
ILINK that maximizes the lod score rather than the
likelihood. We multiply the MOD score by 4.6 and com-
pare that value to a chi-square with three degrees of
freedom. One of the major differences from affected sib
pair analyses is that a pedigree with multiple affected
sibs is analyzed jointly.

Multipoint Sib Pair Analysis

The program ASPEX [David Hinds and Neil Risch,
unpublished] was used for multipoint sib pair analyses.
This program uses marker information from all sibs in
the sibship but examines IBD status for individual sib
pairs. We used the sib ibd program which does not use
marker allele frequencies to infer IBD and examined
all possible n(n-1)/2 pairs in a nuclear family with n
affected sibs. Extended pedigrees were broken up into
their constituent nuclear families. All figures present
the results from the multipoint sib pair analysis for
Models II and III.

RESULTS

In Tables I through V and Figures 1 through 5
we display results using SIBPAL, MODLINK, and
ASPEX. The number of the affected individuals avail-
able in analysis varies by the marker as indicated in
the Tables. This is due to missing genotypic data.
There are potentially 121, 197, and 282 affected sib
pairs for Models, I, II, and III, respectively. The col-
umns labeled N-pairs refer to the number of pairs
where both members have genotypic data. If, for ex-
ample, 90% of genotypes can be scored for a particular
marker, then we would expect 81% of sib pairs to have
both members with complete data. This underscores
one advantage of the multipoint analysis since indi-
viduals with missing genotypic data will likely be geno-
typed at flanking markers.

Chromosome 1

We used a total of 21 markers on chromosome 1 (Table
I). Allele sharing was found to be 54% to 55% for D1S224
under all three diagnostic schema and 53% for D1S1648
for Model III. The highest MOD score was 1.94 for
D1S1648. As noted in Figure 1, the multipoint analyses
had a distinct peak between D1S224 and D1S1648.
These two markers are 10 cM apart. Additional markers
will be needed to investigate this area further.

Chromosome 6

We examined 11 markers on chromosome 6. Excess
sharing and significant MOD scores were noted be-
tween D6S474-D6S495. As noted in Figure 2, the maxi-
mal evidence is at D6S1009. Each individual marker
reaches significance at 0.025 < P < 0.05 under only the
broadest diagnostic schema, Model III.

Chromosome 8

We examined nine markers on chromosome 8. Al-
though several markers gave significant results under
affected sib pair analyses, only one of these gave a sig-
nificant MOD score. The significant signals were punc-
tuated with markers with non-significant sharing. This
is reflected in the modest multipoint lod scores (Fig. 3).

Chromosome 10

We examined 13 markers on chromosome 10 (Table
IV). One marker (D10S188) gave excess sharing and
significant MOD scores of 3.41, 3.47, and 2.35 for Mod-
els I through III, respectively. The flanking markers
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TABLE I. Analytic Results Under Three Diagnostic Schema for Chromosome 1

Locus Dist (cM)

Model I Model II Model III

N-pairsa IBDa MODb N-pairs IBD MOD N-pairs IBD MOD

D1S548 0.0 106 .49 0.21 171 .50 0.79 251 .50 1.34
D1S1612 10.5 73 .47 0.86 124 .46 0.90 185 .48 0.76
D1S1592 32.4 98 .48 0.00 157 .48 0.00 232 .48 0.07
D1S1598 55.2 102 .47 0.00 170 .48 0.02 249 .48 0.05
D1S1596 78.0 101 .51 0.65 164 .51 1.14 245 .51 1.02
D1S1613 86.7 74 .51 0.12 110 .51 0.18 150 .51 0.00
D1S224 96.2 83 .54* 0.71 138 .55*** 1.66 198 .54** 1.65
D1S1648 106.2 108 .49 0.54 172 .51 0.88 245 .53*** 1.94*
D1S550 116.4 89 .55* 1.30 151 .54* 0.75 217 .52 0.64
D1S532 121.3 90 .50 0.86 136 .46 1.16 196 .48 0.00
D1S1588 140.7 95 .51 1.14 158 .53 1.37 233 .52 0.65
D1S1631 155.6 79 .47 0.05 130 .50 0.91 197 .51 0.97
D1S1675 166.7 95 .51 0.02 162 .52 0.84 237 .51 1.05
D1S534 174.7 88 .48 0.00 137 .51 0.62 190 .52 1.50
D1S1595 185.1 107 .52 1.10 172 .51 0.91 255 .50 1.10
D1S1518 217.7 83 .47 0.92 134 .48 0.54 196 .48 0.27
D1S1606 232.0 96 .51 0.66 154 .50 0.48 232 .51 0.42
D1S1602 250.8 93 .46 0.02 148 .46 0.06 214 .47 0.05
D1S2141 252.4 89 .45 1.44 146 .45 0.28 214 .47 0.59
D1S549 260.6 104 .45 0.36 171 .47 0.57 248 .46 0.00
D1S547 281.0 77 .50 0.01 130 .49 0.01 191 .49 0.00

aNumber of affected sib pairs (N-pairs) and estimated IBD from SIBPAL program.
bMaximum lod score using entire pedigrees.
*P < .05, **P < .025, ***P < .01.

TABLE II. Analytic Results Under Three Diagnostic Schema for Chromosome 6

Locus DIST (cM)

Model I Model II Model III

N-pairsa IBDa MODb N-pairs IBD MOD N-pairs IBD MOD

D6S477 0.0 110 .53 1.53 182 .52 1.46 260 .51 1.16
D6S1006 16.6 112 .50 0.00 177 .48 0.00 257 .50 0.00
D6S1019 43.4 107 .47 0.00 177 .49 0.00 255 .50 0.19
D6S1018 53.9 115 .50 0.38 185 .51 0.77 260 .51 0.51
D6S493 69.1 85 .48 0.49 135 .49 0.38 197 .51 0.20
D6S1082 87.0 95 .47 0.05 145 .51 0.53 205 .51 1.17
D6S474 115.3 106 .54 1.74* 167 .54 1.38 236 .53 1.27
D6S1009 142.1 66 .54 0.33 99 .54 1.53 127 .55* 2.08*
D6S1961 156.8 106 .52 0.69 161 .51 0.57 224 .54* 1.05
D6S495 170.0 114 .52 1.25 176 .51 1.29 244 .52 2.37*
D6S1007 184.8 110 .53 1.69 171 .52 1.57 243 .53 1.25

aNumber of affected sib pairs (N-pairs) and estimated IBD from SIBPAL program.
bMaximum lod score using entire pedigrees.
*P < .05.

TABLE III. Analytical Results Under Three Diagnostic Schema for Chromosome 8

Locus DIST (cM)

Model I Model II Model III

N-pairsa IBDa MODb N-pairs IBD MOD N-pairs IBD MOD

D8S1099 0.0 109 .50 0.32 167 .53 1.27 234 .51 1.47
D8S1106 10.5 109 .50 0.00 175 .53* 2.01* 251 .54** 1.65
D8S1145 24.0 106 .47 0.04 170 .50 0.25 240 .51 0.62
D8S1128 52.0 104 .52 0.23 163 .52 0.37 227 .52 1.55
D8S1102 66.7 108 .51 0.33 170 .52 0.69 241 .52 0.87
GATA12B06 79.2 102 .54 1.27 163 .54** 1.73* 232 .52 0.97
D8S1119 93.0 105 .50 0.05 165 .52 0.10 240 .50 0.48
GAAT1A4 103.8 110 .48 0.08 175 .49 0.35 245 .48 0.00
D8S588 117.4 99 .47 0.00 162 .48 0.00 232 .49 0.00

aNumber of affected sib pairs (N-pairs) and estimated IBD from SIBPAL program.
bMaximum lod score using entire pedigrees.
*P < .05, **P < .025.
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are approximately 20 cM and 40 cM on either side of
D10S188, so the multipoint results (Fig. 4) are not use-
ful for this chromosomal region. A second marker
(D10S1423) was also significant, and additional mark-
ers will be placed in the 30 cM gap between D10S547
and D10S1423.

Chromosome 12

We examined 11 markers on chromosome 12 (Table
V). There was an isolated signal at D12S379 with a
maximal MOD score of 1.89 under Model III. The sib
pair results were not significant at this marker. The
multipoint analysis (Fig. 5) gave a minimal signal near
this locus. Neither the sib pair nor the MOD score
analysis gives significant results near D12S1090 where
the multipoint is maximized.

Summary of Results

There were modest signals on chromosomes 1, 6, and
10. There were two signals on chromosome 10 where
both the affected sib pair analyses and the MOD scores
were significant at the P 4 0.01 level. However, the
multipoint analysis had its highest peak (lod of ap-
proximately 2) in Figure 4 in the 40 cM gap between

markers. The signals on 10 were significant under all
three diagnostic schema and showed the most haplo-
type sharing under the narrowest criteria. The MOD
score is more directly related to statistical significance,
and the 54% sharing in 182 pairs is more significant
than the 55% sharing in the 110 pairs in Table IV for
D10S188.

In all cases, a denser map in these areas of interest is
required before drawing any firm conclusions from this
study. These results, or results from any single study,
should be interpreted with caution.

DISCUSSION

There is some evidence for linkage on our particular
chromosomes, but this evidence is not overwhelming.
As noted in the introduction there are some prior re-
ports of linkage to markers on our chromosomes. The
peak on chromosome 1 (D1S224, D1S1648) was local-
ized between 1p22.3-1p21. However, we detected no
signal with three markers (D1S1602, D1S2141,
D1S549) near the fragile site region (1q32) identified
by Turecki et al. [1995].

The signal on chromosome 6 was limited to the q arm
of the chromosome, and thus does not add to the hy-

TABLE IV. Analytical Results Under Three Diagnostic Schema for Chromosome 10

Locus DIST (cM)

Model I Model II Model III

N-pairsa IBDa MODb N-pairs IBD MOD N-pairs IBD MOD

D10S249 0.0 105 .51 0.51 170 .52 0.85 245 .50 0.76
D10S591 11.6 92 .50 0.02 147 .50 0.30 217 .50 0.29
D10S547 24.4 79 .51 0.81 137 .50 0.56 211 .51 1.02
D10S1423 54.2 95 .57*** 2.04** 141 .57*** 3.40*** 203 .53 1.77*
D10S1426 65.9 85 .51 0.78 139 .54* 2.06** 193 .52 2.07**
D10S539 80.9 109 .50 0.69 179 .49 0.25 254 .50 0.73
D10S1211 97.0 103 .50 0.40 166 .50 1.11 239 .50 0.22
D10S188 115.2 110 .55* 3.41*** 182 .54** 3.47*** 261 .52 2.35**
D10S222 158.4 101 .52 0.27 166 .50 0.07 246 .50 0.00
D10S221 182.4 100 .48 0.09 161 .50 0.00 232 .50 0.00
D10S610 190.9 75 .51 0.31 125 .53 0.53 192 .54* 1.47
D10S186 2229.2 94 .49 0.19 156 .49 0.01 218 .50 0.44
D10S212 245.8 113 .48 0.04 184 .53 1.32 264 .52 1.33

aNumber of affected sib pairs (N-pairs) and estimated IBD from SIBPAL program.
bMaximum lod score using entire pedigrees.
*P < .05, **P < .025, ***P < .01.

TABLE V. Analytic Results Under Three Diagnostic Schema for Chromosome 12

Locus DIST (cM)

Model I Model II Model III

N-pairsa IBDa MODb N-pairs IBD MOD N-pairs IBD MOD

D12S372 0.0 92 .51 0.15 146 .48 0.44 207 .50 0.47
D12S397 12.4 81 .47 0.00 116 .50 0.24 178 .51 0.00
D12S373 32.2 60 .48 0.00 92 .49 0.00 125 .53 0.53
D12S1090 51.2 68 .49 1.19 109 .51 0.36 152 .53 0.42
D12S390 64.7 105 .49 0.34 153 .49 0.26 204 .50 0.40
D12S375 80.8 94 .54 1.38 144 .52 0.84 214 .52 0.79
D12S379 101.7 81 .51 0.88 118 .54 1.51 173 .52 1.89*
D12S393 109.6 118 .52 0.27 183 .52 0.53 262 .51 0.36
D12S395 138.5 101 .48 0.00 158 .52 1.06 231 .52 0.66
D1S1045 168.2 83 .47 0.07 137 .48 0.00 204 .49 0.00
D12S392 175.3 116 .48 0.01 178 .48 0.01 239 .50 0.12

aNumber of affected sib pairs (N-pairs) and estimated IBD from SIBPAL program.
bMaximum lod score using entire pedigrees.
*P < .05.
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pothesis of a multidisorder locus near 6p24-22. One of
our markers (D6S1006) localized within 3 cM of
D6S259, a marker 5 cM proximal to the hot locus
around D6S274 [see Straub et al., 1995; Schwab et al.,
1995], and another (D6S1019) appeared 10 cM telo-
meric of the locus. None of these gave a signal.

The link between chromosome 12 and bipolar disor-
der independent of Darier’s disease is still in conten-
tion. The MOD score for the broadest diagnostic cat-
egory, Model III, was significant (P < .05) at marker
D12S379 near 12q21. This has been localized about 20
cM away from the D12S79-D12S84-PLA2A locus indi-
cated by Dawson et al. [1995a]. However, a marker
closer to that region (D12S393, about 10 cM away)
shows no signal in our data. Recently, LaBuda et al.
[1996] reported suggestive results in the region 12q12-

24.1 in the Old Order Amish. They used IBS methods
in affected relative pairs and found D12S18 and
D12S14 to be each significant and an extended haplo-
type analysis showed a common haplotype in 63% of
affected individuals.

The interpretation of our results, or results from any
genome screen of a complex disorder, presents many
challenges. For a Mendelian trait, the P-value corre-
sponding to a lod score of 3 is approximately 0.0001
[Ott, 1991]. This has lead to a high positive predictive
value for traditional linkage studies. To maintain the
comparable specificity for a complex trait, this cut-off
would have to be much higher. This would, however,
reduce the sensitivity to identify genes of modest effect.
This dilemma is only partly resolved through replica-
tion studies. For example, if a disease had six suscep-

Fig. 1. Multipoint lod score for chromosome 1. Results are computed
using IBD information on all possible pairs of affected siblings for diag-
nostic Models II (schizoaffective bipolar, bipolar I and bipolar II) and III
(Model II plus recurrent unipolar individuals).

Fig. 2. Multipoint lod score for chromosome 6. Results are computed
using IBD information on all possible pairs of affected siblings for diag-
nostic Models II (schizoaffective bipolar, bipolar I and bipolar II) and III
(Model II plus recurrent unipolar individuals).

Fig. 3. Multipoint lod score for chromosome 8. Results are computed
using IBD information on all possible pairs of affected siblings for diag-
nostic Models II (schizoaffective bipolar, bipolar I and bipolar II) and III
(Model II plus recurrent unipolar individuals).

Fig. 4. Multipoint lod score for chromosome 10. Results are computed
using IBD information on all possible pairs of affected siblings for diag-
nostic Models II (schizoaffective bipolar, bipolar I and bipolar II) and III
(Model II plus recurrent unipolar individuals).
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tibility loci and the power to detect each individual lo-
cus was 0.2, the power to detect at least one would be
80%. However, a replication study for that particular
locus would still only have 20% power. This problem is
compounded when several diagnostic schema are used
so that multiple, non-independent tests contribute to
the probability of chance detection.

The linkage reports for the APO-E findings in late-
onset Alzheimer’s disease had lod scores of approxi-
mately 2, but subsequent studies have provided consis-
tent evidence for an elevated risk to those carrying the
e4 allele. If there are comparable genes for the suscep-
tibility to bipolar illness, they may be hard to detect
with the currently available sample sizes. MOD scores
above 3 can arise due to chance [Rice et al., 1995], and
it is always possible that the largest effects observed in
a genome screen may be false positives, while the true
signals may only give modest evidence. Genotyping of
additional markers around our hot spots should clarify
the importance of some of these regions. As noted by
Kruglyak and Lander [1995], a 10 cM map only ex-
tracts approximately 70% of the total information
about IBD status at a marker and approximately 60%
between markers.
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