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A Genetic Linkage Study of Bipolar Disorder 
and 13 Markers on Chromosome 11 

Including the D2 Dopamine Receptor 
John R. Kelsoe, M.D., Helgi Kristbjanarson, M.D., Ph.D., Patricia Bergesch, B.A., 
Paul Shilling, B.A., Sharon Hirsch, M.D., Arvin Mirow, M.D., Hans W. Moises, M.D., 
Tomas Helgason, M.D., J. Christian Gillin, M.D., and Janice A. Egeland, Ph.D. 

Chromosome 11 is a region of great interest in the search 
for genes for bipolar disorder. Although an initial report 
of linkage to 11p15 was not replicated in numerous 
subsequent studies, the remainder of the chromosome 
contains a variety of interesting candidate genes and 
regions. These include the 02 dopamine receptor and the 
site of a chromosomal translocation that has been reported 
to be associated with bipolar disorder. As part of a 
systematic survey of the genome for markers linked to 
bipolar disorder, we have examined 13 markers on 
chromosome 11 in three large Icelandic families and 
Amish pedigree 110. No clear evidence of linkage was 
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Chromosome 11 has been a region of great interest for 
linkage studies of bipolar disorder. In 1987, Egeland et 
al. reported linkage of bipolar disorder to two restric­
tion fragment length polymorphism (RFLP) markers on 

From the Department of Psychiatry (JRK, PB, PS, SH, AM, JCG), 
University of California, San Diego, and Department of Veterans 
Affairs Medical Center, La Jolla, California; Department of Psychiatry 
(HK, TH), National University Hospital, Reykjavik, Iceland; Depart­
ment of Psychiatry (HWM), University Hospital, Kiel, Germany; and 
Department of Psychiatry (JAE), University of Miami, Miami, Florida. 

Address correspondence to: John R. Kelsoe, M.D., Department 
of Psychiatry, 0603, University of California, San Diego, La Jolla, 
California, 92093-0603. 

Current address for Dr. Hirsch: Dept. of Psychiatry, UCLA, Los 
Angeles, CA 

Received March 23, 1993; revised August 12,1993; accepted August 
18, 1993. 

Published 1993 by Elsevier Science Publishing Co., Inc. 
655 Avenue of the Americas, New York, NY 10010 

obtained. The highest lod score was found at 011529 
(lod = 1.63 at () = 0.1), which is in the general region 
of the reported translocation breakpoints. However, this 
lod is not statistically significant, and its meaning is 
further mitigated by strongly negative lods in two nearby 
flanking markers. Linkage to the 02 dopamine receptor 
locus was strongly excluded (lod = -4.02 at () = 0.0). 
In two-point analyses, linkage to bipolar disorder could be 
excluded to eight of the 13 markers. Multipoint analyses, 
similarly, failed to reveal any evidence of linkage. 
fNeuropsychopharmacology 9:293-301, 1993J 

chromosome 11p15 in a large Old Order Amish pedi­
gree (Egeland et al. 1987). However, numerous subse­
quent studies in a variety of other populations were un­
able to replicate this finding (Hodgkinson et al. 1987; 
Gill et al. 1988; Detera-Wadleigh et al. 1987; Mitchell 
et al. 1991; Mendlewicz et al. 1991; Nanko et al. 1991; 
Byerley et al. 1992). Furthermore, subsequent studies 
in an expanded and updated version of the original Am­
ish pedigree (Kelsoe et al. 1989; Law et al. 1992), as well 
as a second lateral extension to the pedigree (Pauls et 
al. 1991) also failed to replicate this finding. Despite this 
frustrating experience with 11p15 markers, the re­
mainder of chromosome 11 contains a number of in­
teresting candidate genes and candidate regions for 
bipolar disorder. 

The D2 dopamine receptor gene (DRD2), on the 
long arm of chromosome 11, is of particular interest be­
cause of the antimania effects of neuroleptic medica­
tion, the manialike effects of amphetamine, as well as 

0893-133X/93/$0.00 



294 J.R. Kelsoe et al. 

reports of changes in cerebrospinal fluid metabolites of 
dopamine in manic patients (Jimerson 1987). Near DRD2 
on 11q is the gene for porphobilinogen deaminase, which 
has been implicated in both association and linkage 
studies of schizophrenia and schizo affective disorder 
(Sanders et al. 1991; Su et al. 1991; Owen et al. 1991). 
The 11q region is also interesting because of three re­
ports of families in which bipolar disorder or schizo­
phrenia appears to be linked to a chromosomal translo­
cation with breakpoints in this region (Smith et al. 1989; 
St. Oair et al. 1990; Holland and Gosden 1990). Although 
two of the families are affected primarily with schizo­
phrenia rather than bipolar disorder, and the break­
points appear to be at different sites (11q22.3, 11q21, 
and 11q25); this is nevertheless an intriguing clue. 

In addition to these genes and regions, there are 
a number of other candidate genes that have been 
mapped to chromosome 11. These include the D4 
dopamine receptor (Gelernter et al. 1991), tyrosine 
hydroxylase (Craig et al. 1986), tryptophan hydroxy­
lase (Craig et al. 1991), the Ml muscarinic receptor (Bon­
ner et al. 1991) and the M4 muscarinic receptor (Grewel 
et al. 1992). We are currently surveying the genome sys­
tematically and examining candidate genes in search 
of loci linked to bipolar disorder in affected families. 
As part of this survey, we present data from 13 mark­
ers on chromosome 11. 

METHODS 

Subjects 

Families from two separate population isolates were 
used for this study. These include three large families 
from Iceland and Old Order Amish pedigree 110. 

Iceland presents a valuable opportunity for genetic 
studies of psychiatric illness. Approximately 250,000 
people live in Iceland, and of these, 125,000 live in the 
Reykjavik area. The majority of the population derive 
from a wave of immigration from Norway approxi­
mately 1100 years ago. Because of its isolation and tra­
ditions, there has been only a limited immigration since 
that time. Icelanders are proud of their Viking heritage 
and actively preserve genealogical knowledge. Large 
families with multiple generations living in relative 
proximity are readily available. Similar to Scandinavian 
countries, Iceland has a national health service with cen­
tralized records, which facilitate genetic studies. The 
epidemiology of affective disorders in this group has 
been extensively studied by Helgason (1979), and bipo­
lar disorder was found to have a similar lifetime preva­
lence (0.79%) as that in other populations. 

Icelandic families were ascertained from admissions 
to the psychiatry service at the National University Hos­
pital. These three families were not systematically ascer­
tained, but rather selected through a review of hospi-
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tal admissions and records for their size, number of 
affected members, and availability. One of us (HK) has 
translated the Schedule for Affective Disorders and 
Schizophrenia (SADS-L) (Endicott and Spitzer, 1978) 
into Icelandic and conftrmed this translation by back 
translation into English. All subjects were interviewed 
by one interviewer (HK) using this instrument. In ad­
dition to the interview, information was obtained from 
other family informants for each patient. The interview 
data, information from other family informants, and 
available medical records were then used to make re­
search diagnostic criteria (Spitzer et al. 1978) diagnoses. 
Because of the centralized nature of Icelandic health care 
and the relative proximity of relatives to each other, 
medical records and family informants were available 
for almost all patients. Diagnoses were made on de­
ceased or unavailable members using medical records 
and family informants, but in all the linkage analyses 
described here, they were considered to have an un­
known diagnosis. The resulting pedigrees are presented 
here for the first time in Figure 1. Blood samples were 
obtained for preparation of deoxyribonucleic acid 
(DNA) and lymphoblastoid cell lines. 

Affective disorders in the Old Order Amish have 
been studied in detail by Egeland et al. (1987), and the 
advantages of this population for genetic research pre­
viously reviewed (Egeland and Hostetter 1983). Am­
ish pedigree 110, as used in this study, includes 118 in­
dividuals, 22 of whom have bipolar disorder and 7 who 
have recurrent unipolar depression. Pedigree 110 was 
selected through a systematic survey of families seg­
regating with major affective disorder ascertained from 
the Old Order Amish living in Lancaster County, Penn­
sylvania. Diagnoses were obtained by review of the 
SADS-L interview of the subject, interviews of multi­
ple informants regarding the subject, and abstracted 
medical records by a panel of five psychiatric clinicians 
blind to the subject's identity or genotypes (Hostetter 
et al., 1983). The structure and diagnostic data regard­
ing this pedigree has been published previously (Kel­
soe et al. 1989). The pedigree used here is identical to 
that previously described and diagnoses unchanged, 
with the exception of two previously unaffected mem­
bers (GM5989 and GM6003), who have had subsequent 
onset of bipolar I disorder (NIGMS, 1992). 

Genotyping 

Information and references regarding the probes and 
alleles for the 13 loci examined are summarized in Ta­
ble 1. Three probes were kindly provided by Dr. Ray 
White; they are p3C7, pHBI18P2, and pMCT128.1. All 
other probes were obtained from the American Type 
Culture Collection (ATCC, Rockville, MD). The probe 
for the D2 dopamine receptor, pD2-1.7 (DRD2), was a 
1.7-kb fragment that was subcloned from AHD2Gl 
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Figure 1. Three Icelandic pedigrees used for linkage studies of bipolar disorder. Symbols for various diagnoses are indicated. Deoxyribonucleic acid was available 
for individuals with a 4000 series ID number under their symbol. Some symbols representing individuals or branches of families that were not available for study have 
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Table 1. Chromosome 11 Loci Examined 

Locus Probe Enzyme Allele Sizes (kb) Allele Frequencies References 

HRAS pEJ6.6 SstI 5.2; 5.7; 6.2; 6.8 0.3; 0.3; 0.1; 0.3 Capon et aI. (1983) 
PTH p20.36 TaqI 2.4;2.5 0.63; 0.37 Anatonarakis et aI. (1983) 
D11S16 p32-1 MspI 11; (7.6, 6.4, 4); (6, 4, 3) 0.5; 0.18; 0.32 Feder et aI. (1985) 
CAT pINT800 TaqI 3.5; (2.5, 1) 0.5;0.5 Quan et aI. (1985) 
D11S288 p3C7 MspI 5.7; 3.1 0.72; 0.28 Julier et al. (1990) 
D11S97 MS51 PCR 7 aIleles 1.4-4 kb * Jeffreys et aI. (1988) 
D11S84 p2-7-1D6 TaqI 4.2; 6.4 0.77; 0.23 Maslen et aI. (1988) 
DRD2 pD2-1.7 TaqI 3.7; 6.6 0.76; 0.24 Grandy et al. (1989) 
D11S144 MCT128.1 MspI 2.6; 2.9 0.48; 0.52 Julier et aI. (1990) 
D11S29 pL7 TaqI 10.9; 13.9 0.77; 0.23 Warnich et aI. (1986) 
D11S147 HBI18P2 PstI 4; 5 0.75; 0.25 Julier et aI. (1990) 
D11S83 4>2-25 MspI 4.35; 3.2 0.32; 0.68 Maslen et aI. (1988) 
D11S419 Mfd58 PCR 112; 114; 116; 118 bp 0.02; 0.52; 0.44; 0.02 J. Weber, personaI 

communication 

* Seven different alleles were distinguished for MS51 for both Icelandic and Amish populations, although the alleles differed between 
the populations. Allele frequencies were estimated separately for each population as described in Linkage Analysis. 

(provided by O. Civelli; Grandy et al. 1989) into 
pBluescript to reduce background from repetitive se­
quences (Turner et al. 1991). 

Restriction fragment length polymorphisms were 
detected by Southern blotting and hybridization as de­
scribed previously (Kelsoe et al. 1989). Briefly, DNA was 
prepared by phenol/chloroform extraction from lym­
phocytes or lymphoblastoid cell lines (Sambrook et al. 
1989). Five to 10 Ilg of genomic DNA was digested over­
night with the appropriate restriction enzyme accord­
ing to the manufacturer's instructions. The resulting 
fragments were separated by agarose gel electropho­
resis (0.8%) and transferred to nylon membranes by 
vacuum. Probes were radiolabeled by random primer 
reaction (Feinberg and Vogelstein 1983), and hybridi­
zations were performed in Hybrisol (Oncor) at 45°e. 
Membranes were washed three times in 0.1 x standard 
saline citrate, 0.1% sodium dodecyl sulfate for 15 
minutes each at room temperature, and once for 1 hour 
at 52°e. For probes containing repetitive sequences, hu­
man total genomic DNA was included in the hybrid­
ization mix or preassociated with the probe (Litt and 
White 1985). The blots were then placed against Kodak 
XAR film using enhancing screens (Dupont Lightning 
Plus) at -80°C for 1 to 3 days. 

Two polymorphisms were detected by polymerase 
chain reaction (PCR)-based methods: MS51 (D11S97) 
and Mfd58 (D11S419). The MS51 is a highly informa­
tive VNTR polymorphism that was detected by PCR 
amplifIcation of the polymorphic region followed by 
Southern blotting and hybridization. Hybridization and 
extended PCR elongation times were required to de­
tect the alleles of higher molecular weight (1 to 4 kb). 
This procedure was performed essentially as described 
by Jeffreys et al. (1988) using the same primer sequences 
that they employed. Briefly, 20 ng of template genomic 
DNA was amplifIed in a 10-111 reaction containing 250 
nM of each primer, 1.5 unit of Taq polymerase, 200 11M 

of each nucleotide, and PCR buffer (fInal concentration: 
50 mM KCl, 10 mM Tris, pH 8.3, 1.5 mM MgCh, and 
0.01 mg/ml gelatin). The thermal cycling was performed 
as follows: 2 minutes at 95°C, 1 minute at 60°C, and 
15 minutes at 70°e. Fifteen cycles of this protocol were 
performed, followed by an additional annealing period 
for 1 minute at 60°C and an extension period for 15 
minutes at 70°e. The PCR products were then digested 
with 3 units Sl nuclease at 37°C for 30 minutes in the 
buffer recommended by the manufacturer (BRL). The 
resulting fragments were then blotted and hybridized 
as described above. A PCR-amplifIed fragment of MS51 
was radiolabeled and used as a probe. Seven different 
alleles were distinguished in the Icelandic families and 
seven were identifIed in the Amish family, although 
the alleles differed between the two populations. Each 
population was scored and analyzed separately as de­
scribed below. 

The polymorphism Mfd58 is a CA repeat marker 
that was detected using the primers and method of We­
ber et al. (J. Weber, personal communication; Weber 
and May, 1989). One hundred nanograms of genomic 
DNA was amplifIed in a 10-111 reaction containing 200 
nM of each Mfd58 primer, 200 11M of each nucleotide, 
1 unit of Taq polyn:terase, 0.1 111 [a-32P]-deoxycytidine 
triphosphate (3000 Ci/mmol; Amersham International) 
in PCR buffer as described above. The thermal cycling 
protocol included the following steps: an initial denatu­
ration for 1.5 minutes at 94°C, followed by 30 cycles 
of 30 seconds at 94°C, 30 seconds at 55°C, and 1.5 
minutes at 72°C, and a fmal elongation of 5 minutes 
at 72°e. The PCR products were denatured by adding 
20 III of stop buffer (95% formamide, 10 mM ethylenedi­
aminetetraacetic acid, 0.1% bromophenol blue, and 
0.1 % xylene cyanol) and heating for 10 minutes at 96°C. 
The fragments were then separated by electrophoresis 
on a 5% polyacrylamide-denaturing sequencing gel at 
60W for 3 hours, dried, and placed against Kodak XAR 
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fllm with enhancing screens (Dupont Lightning Plus) 
at -80°C forl t03 days. For both RFLP's and PCR mark­
ers, genotypes were scored independently by two raters 
blind to diagnosis, but open to pedigree structure. 

Linkage Analysis 

Linkage analyses were performed using the LINKAGE 
analysis package, V 5.1 (Lathrop et al. 1984). Analyses 
for all families were conducted under a model of trans­
mission described previously for the Amish family (Kel­
soe et al. 1989) and supported by a segregation analy­
sis in that population (Egeland et al. 1987). SpecifIcally, 
autosomal dominant transmission was modeled with 
age-dependent reduced penetrance. Penetrance of the 
disease allele was modeled by fIve liability classes as 
shown in Table 2 and ranged from 0.0001 at age 14 to 
a maximum of 0.85 at age 30. Penetrance of the non­
susceptible genotype increased from 0.0 to a maximum 
of 0.001 at age 30. The frequency of the disease allele 
was 0.021. 

It is not clear that this is the appropriate model for 
the Icelandic families. Ideally, a separate segregation 
analysis would be conducted in this population to de­
termine the best model. Unfortunately, because these 
families were not systematically ascertained and be­
cause of the small sample size, we felt that such an anal­
ysis would not be meaningful. Other studies of bipolar 
disorder have supported an autosomal dominant mode 
of transmission (Rice et al. 1987). Therefore, we felt that 
it was reasonable to apply a similar model to the analy­
sis of the Icelandic families. 

Marker allele frequencies were drawn from pub­
lished data for all markers except D11597 (M551). Pub­
lished allele frequencies could not be identifIed for this 
locus; furthermore, there were marked differences be­
tween allele frequencies in the Icelandic and Amish fam­
ilies. Although a detailed comparison of allele sizes be­
tween the two populations was not conducted, it was 
apparent that there were several alleles present in each 
of the two populations that were not present in the 
other. For this reason, allele frequencies for this locus 
were estimated from unrelated marry-in spouses, 
separately for each population, and analyses were con­
ducted separately. 

Individuals with diagnoses of bipolar disorder 
(bipolar I and bipolar II), schizo affective disorder or 
recurrent major depression were considered affected. 
Those with a single episode of major depression or any 
other psychiatric diagnosis were considered unknown. 
All individuals who were not interviewed directly were 
considered to have unknown diagnoses. 

Two-point analyses were conducted using the 
MLINK program. The one inbreeding loop present in 
Amish pedigree 110 was broken by doubling individual 
GM5995. All possible marker-to-marker two-point anal-
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Table 2. Liability Classes for Age-Dependent 
Penetrances of Bipolar Disorder 

Age 
(yrs) 

0-14 
15-19 
20-24 
25-29 
� 30 

AA 

0.0001 
0.18 
0.42 
0.73 
0.85 

Aa 

0.0001 
0.18 
0.42 
0.73 
0.85 

aa 

0.0 
0.0001 
0.001 
0.001 
0.001 

yses were performed, and the results were consistent 
with published maps (data not shown). Multipoint anal­
yses were performed using the LINKMAP program to 
move the affection status locus across a fIxed map of 
the markers based on published map data (Junien and 
van Heyningen 1990; Julier et al. 1990; and CEPH Data­
base, V 5.0). Analyses of more than two fIxed loci in 
addition to the disease locus were not feasible because 
of the large amount of computer time required. There­
fore, these analyses were conducted an interval at a time 
as three-point analyses. Published map data were not 
available for one marker Mfd58 (D115419), which was 
therefore not included in the multipoint analyses. 

RESULTS 

The results of the two-point analyses are summarized 
in Table 3. The lods for the Icelandic families have been 
summed to simplify the table. The highest lod score for 
any individual Icelandic family was 0.189; therefore, 
there was no indication of a suggestive positive lod being 
obscured by heterogeneity. No statistically signifIcant 
evidence for linkage was found for any of the markers 
examined. The highest lod score was 1.63 at the locus 
D11529 for Amish pedigree 110 alone at a recombina­
tion fraction of 0.10. The maximum lod for the combined 
Icelandic and Amish families at this locus was reduced 
to 1.42 also at e = 0.1 by negative lods in the Icelandic 
families. The Icelandic families were not very informa­
tive at this locus, yielding lods at e = 0.10 of 0.006,0.016, 
and -0.235 for families 4001, 4002, and 4003, respec­
tively. This mildly positive lod score is mitigated by 
strongly negative lod scores at the two nearby flanking 
markers, D115144 and D115147, which yielded lods of 
-3.70 and -3.03, respectively, for the Amish at e = 

0.0. The D2 dopamine receptor locus (DRD2) was ex­
cluded with a lod of -4.02 at e = 0.0. This is primarily 
due to the Amish family, as the Icelandic families were 
not very informative at this locus. For the other mark­
ers examined, linkage could be excluded for eight of 
the 13 loci at e = 0.0 using the combined family set. 
Lod scores for the other fIve loci were negative, but in­
conclusive. 

Results of the multipoint analyses are displayed in 
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Table 3. Two-Point Lads for Bipolar �isorder versus Chromosome 11 Loci 

Locus 0.00 0.01 0.05 

HRA5 
Icelandic -0.43 -0.37 -0.22 
Amish -3.49 -3.10 -1.94 

Total -3.93 -3.47 -2.15 
PTH 

Icelandic -1.34 -1.09 -0.65 
Amish 0.41 0.40 0.34 

Total -0.93 -0.69 -0.31 
011516 

Icelandic 0.02 0.01 0.01 
Amish -1.83 -1.45 -0.66 

Total -1.81 -1.44 -0.65 
CAT 

Icelandic -1.10 -0.98 -0.67 
Amish -1.74 -1.03 -0.47 

Total -2.84 -2.01 -1.14 
0115288 

Icelandic 0.04 0.04 0.03 
Amish -1.42 -1.34 -1.05 

Total -1.38 -1.30 -1.02 
011597 

Icelandic -6.72 -5.51 -3.90 
Amish -8.13 -6.40 -3.99 

Total -14.85 -11.91 -7.89 
011584 

Icelandic -2.28 -2.08 -1.48 
Amish -4.17 -3.68 -2.49 

Total -6.45 -5.75 -3.97 
ORD2 

Icelandic -0.07 -0.07 -0.08 
Amish -3.95 -3.21 -1.96 

Total -4.02 -3.29 -2.04 
0115144 

Icelandic -0.02 -0.02 -0.03 
Amish -3.70 -3.41 -2.60 

Total -3.71 -3.43 -2.63 
011529 

Icelandic -0.41 -0.38 -0.30 
Amish 0.30 1.09 1.58 

Total -0.11 0.71 1.29 
0115147 

Icelandic -2.76 -2.00 -1.25 
Amish -3.03 -2.88 -2.29 

Total -5.78 -4.87 -3.54 
011583 

Icelandic 0.02 0.02 0.01 
Amish -2.57 -1.82 -1.10 

Total -2.55 -1.80 -1.08 
0115419 

Icelandic -0.52 -0.47 -0.29 
Amish -0.43 -0.37 -0.20 

Total -0.95 -0.84 -0.49 

Figure 2. The markers employed span a distance of 155 
cM on chromosome 11. No positive lod scores were ob­
tained in any of the analyses. The multipoint analyses 
exclude linkage for much of the region covered, except 
for an interval of approximately 40 cM on 11p. Several 

e 

0.10 0.20 0.30 0.40 

-0.11 -0.02 0.00 0.01 
-0.96 -0.01 0.15 -0.03 
-1.07 -0.03 0.15 -0.02 

-0.41 -0.17 -0.06 -0.01 
0.28 0.17 0.09 0.04 

-0.13 0.00 0.03 0.03 

0.00 -0.01 -0.01 -0.01 
-0.16 0.28 0.32 0.19 
-0.16 0.27 0.31 0.18 

-0.46 -0.22 -0.10 -0.03 
-0.28 -0.17 -0.11 -0.05 
-0.74 -0.39 -0.21 -0.08 

0.03 0.01 0.00 0.00 
-0.73 -0.28 -0.03 0.05 
-0.70 -0.27 -0.03 0.05 

-2.65 -1.16 -0.42 -0.08 
-2.63 -1.20 -0.51 -0.15 
-5.28 -2.36 -0.93 -0.23 

-0.99 -0.43 -0.16 -0.04 
-1.60 -0.63 -0.19 -0.02 
-2.59 -1.06 -0.35 -0.07 

-0.07 -0.05 -0.03 -0.01 
-1.10 -0.23 0.03 -0.01 
-1.17 -0.28 -0.01 -0.02 

-0.04 -0.03 -0.02 -0.D1 
-1.92 -1.03 -0.46 -0.12 
-1.96 -1.06 -0.48 -0.13 

-0.21 -0.11 -0.05 -0.01 
1.63 1.35 0.85 0.30 
1.42 1.24 0.81 0.29 

-0.84 -0.40 -0.16 -0.03 
-1.71 -0.94 -0.45 -0.15 
-2.55 -1.34 -0.61 -0.19 

0.01 0.00 0.00 0.00 
-0.72 -0.31 -0.10 -0.01 
-0.71 -0.31 -0.10 -0.01 

-0.13 0.03 0.06 0.03 
-0.06 0.05 0.05 0.02 
-0.19 0.08 0.11 0.04 

of the 11p markers examined had only limited infor­
mativeness in these families, thereby restricting our abil­
ity to examine this region of the chromosome. The re­
gion of D11S29 that was positive in the two-point 
analysis can be excluded in the multipoint analyses. 
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Figure 2. Multipoint analyses of bipolar disorder and chro­
mosome 11 markers. Analyses include both Icelandic and Am­
ish data. Each curve represents a separate three-point analy­
sis moving the bipolar disorder locus through the interval 
between two markers. The dashed line at "LOD - 2" 
represents the conventional criteria for exclusion of linkage. 

This is consistent with the negative lod scores obtained 
from the two close flanking markers. The DRD2 is also 
excluded in this analysis. 

DISCUSSION 

In summary, no evidence was found for linkage to bipo­
lar disorder for any of the chromosome 11 markers ex­
amined. Linkage of bipolar disorder to DRD2 is strongly 
excluded by these data. Mildly positive lod scores were 
obtained at D11S29, although strongly negative lods 
at nearby flanking markers argue against linkage in this 
region. Nevertheless, D11S29 is in the approximate re­
gion of the breakpoints for chromosomal translocations, 
which have been reported to segregate with bipolar dis­
order or psychotic disorder as described above. For this 
reason, this region deserves further study in a larger 
set of families. 

These results are similar to those from several other 
studies of bipolar disorder and chromosome 11 mark­
ers. In particular, several other studies have examined 
the DRD2 locus and found no evidence for linkage. 
Byerley et al. (1990) examined four families from Utah 
and excluded linkage to DRD2 in three of these fami­
lies. Holmes et al. (1991) examined £lve Icelandic fami­
lies and excluded linkage to DRD2 and three other llq 
markers: MS51, 2-14, and 6-3. Similarly, Mitchell et al. 
(1992) excluded linkage to DRD2 in two large Australian 
families, and Nothen et al. (1992) found no evidence 
for involvement of DRD2 in an association study. As 
described above, the 11p15 region has been extensively 
studied, because of the previous report of linkage to 
the markers HRAS and INS in the Amish (Egeland et 
al. 1987). The data for HRAS in the Amish, presented 
in this study, represent the HRAS genotypes presented 
previously (Kelsoe et al. 1989), but they have been 
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reanalyzed with diagnostic changes. These changes re­
sult from two previously unaffected individuals who 
have had recent onsets of illness and a somew hat more 
stringent diagnostic scheme in which those with a sin­
gle episode of major depression are considered un­
known instead of affected (see Methods). This reanal­
ysis results in similar conclusions, although the lod 
scores are not as strongly negative. For HRAS at e = 

0, the previous lod was -9.31, whereas in this analy­
sis, the lod was -3.49. The Icelandic families are rela­
tively uninformative for HRAS, and the lod scores are 
inconclusive. 

Pakstis et al. (1991) have recently reported a sur­
vey of 185 markers that they have examined in an 81-
member subset of Amish pedigree 110. Their study in­
cludes several of the chromosome 11 probes that we 
have studied in the expanded pedigree. In general, our 
results agree well with theirs, although, the lods of the 
larger pedigree are more negative. They obtained a max­
imum lod of 1.19 for HRAS at e = 0.2 and a minimum 
lod of -1.72 at e = o. Our results are more negative 
with a lod of -3.49 in the Amish at e = 0 and a maxi­
mum lod of only 0.15 at e = 0.3. This is consistent with 
previous studies that indicated that the 31-member right 
extension to pedigree 110 yields strongly negative lods 
for HRAS and contributed to the overall exclusion in 
the expanded pedigree (Kelsoe et al. 1989). The DRD2 
locus yielded a negative lod of only -0.89 at e = 0 in 
their data, whereas it is clearly excluded in our data with 
a lod of -3.95 at e = O. In their study, D11S29 yielded 
a maximum lod of 1.58 at e = 0, which is similar to the 
maximum lod of 1.63 that we obtained at e = 0.1. 

These results must be qua1i&ed by their dependence 
on the assumed mode of transmission. Because of this, 
it is difficult in linkage studies to "exclude" a region with 
any degree of certainty. The model of transmission em­
ployed is derived from a segregation analysis of Amish 
families. As described above, we did not believe that 
it was possible to conduct a similar segregation analy­
sis in the Icelandic families, and, therefore, we used 
the model from the Amish. Although we believe that 
this is a reasonable assumption, it is nevertheless a limi­
tation of this study. Another assumption in these anal­
yses is that of genetic homogeneity. It is likely that bipo­
lar disorder is heterogeneous, and, therefore, it is 
possible that there is more than one gene for bipolar 
disorder in these families. In fact, some historical data 
suggest the possibility of more than one gene for bipo­
lar disorder in the Amish pedigree (Kelsoe et al. 1989). 
It is difficult to analyze these data under an assump­
tion of heterogeneity because of the small number of 
families and the computational demands of conduct­
ing a two-locus analysis in a pedigree as large as the 
Amish. Nevertheless, simulation studies have indicated 
that under many conditions, two-point analyses are rel­
atively robust to both misspecmcation of the mode of 
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transmission and heterogeneity (Cox et al. 1988; Vie­
land et al. 1992), although the effect of errors in both 
of these factors is less clear. Multipoint analyses may 
not be so robust, and, therefore, those results should 
be more cautiously considered (Risch and Giuffra 1990). 
We are continuing to survey the genome in these fami­
lies both by systematic mapping and testing of specifIc 
candidate genes in search of a locus for bipolar disorder. 
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