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Linkage Analysis of Depression Spectrum Disease 

A.F. Wilson, V.L. Tanna, G. Winokur, R.C. Elston, and 

E.M. Hill 

As part of a study of the possible subgroups of unipolar affective disease, 27 families 
were ascertained as depression spectrum disease (DSD) families. The purpose of this 
study was an investigation of the linkage relationships between DSD and 30 genetic 
markers using the robust sib-pair and lod-score methods. Using the sib-pair methods, 
evidence for linkage was found with orosomucoid (ORM) on chromosome 9q (p = 0.006), 
regardless of whether only individuals with unipolar depression, alcoholism, or antisocial 
personality were considered to be affected, or whether individuals with any psychiatric 
disorder were considered to be afleeted. Weak evidence of linkage with ORM was cor- 
roborated using lod-score methods when a narrow de$nition of depression spectrum 
disease was used, although stronger evidence of linkage was found with ORM when any 
psychiatric disorder was considered to be affected. The maximum lod-score for ORM 
was 1.68 at a male recombination fraction of 0.23 and a female recombination fraction 
of 0.01. 

Introduction 

The identification of discrete homogeneous disease entities among the broad array of 
clinical phenotypes that comprise psychiatric illness has been a goal of investigators in 
psychiatric research for some time. Recently, clinical and genetic heterogeneity within 
the diagnoses that comprise the affective disorders has been a controversial issue. There 
have been several attempts to reduce the clinical heterogeneity of psychiatric illness by 
refining the diagnostic criteria used to classify individuals. Leonhard et al. (1962) dem- 
onstrated that there were familial differences in families of manics and depressives. Angst 
(1966), Perris (1966), and Winokur and Clayton (1967) suggested that primary affective 
disorders could be separated into bipolar and unipolar depression based on specific kinds 
of familial and genetic findings. Winokur (1974) further subdivided unipolar depressive 
disease into depression spectrum disease (DSD) and pure depressive disease (PDD). Here, 
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we briefly review results from earlier linkage studies of unipolar depression and present 
the results of a linkage study of DSD. 
Depression spectnun disease has been characterized relative to PDD as follows: relatively 
early age of onset of depression (typically under 40)) greater incidence of familial affective 
disorder, significantly more female than male first-degree relatives with affective disorder, 
significantly greater familiar alcoholism and antisocial personality, and significantly greater 
total psy&ia& illness (depression, alcoholism, and antisocial personality). The presence 
of alcoholism and/or antisocial personality has been suggested as a familial marker that 
can be used to separate depression spectrum disease from among a group of mixed 
depressives (Winokur et al. 1975; Tanna et al. 1976a). However, controversy exists as 
to whether or not alcoholism is part of a broad syndrome, such as DSD, or is a distinct 
entity with a genetic component separate from that of depression (Merikangas et al. 1985; 
Schuckit 1985). 
The identification of discrete homogeneous disease entities from a broad array of possibly 
heterogeneous clinical phenotypes can be facilitated with the use of genetic linkage 
analysis. If a trait can be shown to be linked to a known polymorphic marker locus, then 
this indicates that the trait has a genetic component. However, if genetic heterogeneity 
exists, the linkage may be specific to individual families or populations. Bipolar affective 
disorder, for example, has been found to be linked to markers HRASl and INS on the 
short arm of chromosome 11 in one large Amish family (Kidd et al. 1984; Egeland et 
al. 1987). However, Hodgkinson et al. (1987) and Detera-Wadleigh et al. (1987) found 
no evidence of linkage to markers on chromosome 11 in non-Amish families. Other 
studies have indicated that a gene involved in bipolar affective illness is linked to markers 
on the X chromosome (Winokur et al. 1969; Baron et al. 1987; Mendlewicz et al. 1987). 
Rather than being contradictory, these studies suggest that there are at least two loci 
involved in the genetic etiology of bipolar depression. 
Linkage studies of psychiatric disorders have been reviewed in detail by Goldin et al. 
(1983) and Cox and Suarez (1985). Although linkage analysis has been used in several 
studies that focused on families of individuals with bipolar depression, or bipolar and 
unipolar depression, relatively few studies have concentrated on families of individuals 
with only unipolar depression. Mendlewicz and Fleiss (1974) failed to detect linkage 
between unipolar depression and either the Xg blood group or protan type color blindness, 
ruling out X-linked inheritance of unipolar depression. Tanna et al. (1976a) studied 17 
polymorphic loci in 14 families ascertained as depression spectrum disease families. 
Linkage was suggested between DSD and both the cY-haptoglobin (HP) and third com- 
plement component (C3) loci using the sib-pair method (Penrose 1953). In a reanalysis 
of these data using the methods of Elston and Stewart (1971) and Ott (1974), Tanna et 
al. (1979) found weak evidence of linkage between DSD and HP (lod-score 1.03) but 
no evidence of linkage between DSD and the C3 locus. In another analysis, Tanna et al. 
(1977b) suggested evidence of an association with group-specific component (GC). Crowe 
et al. (1981) performed a lod-score linkage analysis between DSD and 30 polymorphic 
markers; there was no suggestion of linkage at any of the loci tested, including C3 and 
HP, although a weak association for DSD and GC was noted. Hill et al. (1988) used the 
robust sib-pair method (Haseman and Elston 1972; Elston et al. 1973) to analyze linkage 
between various classifications of affective disorders and 24 genetic markers. These data 
comprised 195 individuals in 25 families; the probands were ascertained as part of the 
multicenter NIMH Collaborative Depression Study. Among other findings, their results 

suggested evidence for linkage between DSD and orosomucoid (ORM) and possibly GC. 
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Methods 

Families were obtained by screening depressed and/or alcoholic patients at the Iowa City 
VA Medical Center and the University of Iowa Psychiatric Hospital. The criteria for 
inclusion in this study required that a family contain at least one individual with primary 
unipolar depression and at least one first-degree relative with either alcoholism or antisocial 
personality. Based on these criteria, 25 families were selected as DSD families. To 
increase the sample size, two additional families that could not be unequivocally classified 
as either depression spectrum disease or pure depressive disease were also included. In 
one family, the proband had primary unipolar depression, but a second-degree relative 
had alcoholism; in the other, the proband had a prior history of alcoholism, but had 
abstained from alcohol for the previous 10 years. There were a total of 267 individuals. 

Members of the patient’s family who were at least 14 years of age or older were 
included in the study; over 90% of these individuals were personally interviewed by an 
experienced graduate psychiatric research nurse using a semistructured interview devel- 
oped at Washington University (Winokur et al. 1971); the remainder were interviewed 
by telephone. Diagnoses were independently made by two clinical psychiatrists (V.L.T., 
G.W.) who were blind to the genetic markers and to the diagnosis of the proband. The 
criteria of Feighner et al. (1972) were used, except that in order to give a single best 
diagnosis, “probable” diagnoses were considered “definite.” Individuals who did not fulfill 
all the criteria were given diagnoses on the basis of “best clinical judgment” due to the 
striking history from the subject (and/or relatives) about changes in behavior, personality, 
functioning and feeling, or difficulties due to drinking, etc. Bereavement or grief reaction 
was not considered to be an illness. 

Blood and saliva were collected from 226 individuals and phenotypes for the following 
30 polymorphic genetic markers were determined: ABO, RH, KEL, MNS, Pl, FY, JK, 
PGD, ADA, AK1 , ACPl , PGMl , HBB, GPT, C3, HP, TF, GC, ORM, IGHG, IGK, 
BF, ESD, PR, GLOl, DB, PI, LE, SE, and PA. The nomenclature follows that rec- 
ommended in McAlpine et al. (1985), with the exception of the determinants at the 
salivary protein complex (SPC), where the previous nomenclature of PR, PA, and DB 
is retained. 

The diagnoses were as follows: 133 with no psychiatric disorder (57 men, 76 women), 
56 with unipolar depression (18 men, 38 women), 34 with alcoholism (3 1 men, 3 women), 
2 with a history of substance abuse other than alcohol (1 man and 1 woman), 2 with an 
undiagnosed psychiatric disorder (1 man, 1 woman), and 1 with each of the following: 
antisocial personality (man), schizophrenia (woman), organic brain syndrome (man), 
phobic (man), and history of school refusal (woman). There were 35 individuals with 
unknown affection status. Twenty-two of the 27 identified probands had a diagnosis of 
unipolar depression and 5 had a diagnosis of alcoholism. 

Two methods were used to classify individuals as affected. In the first, individuals 
with diagnoses of unipolar depression, alcoholism, or antisocial personality were classified 
as “affected,” whereas individuals with any other psychiatric disorder, as well as those 
individuals with no psychiatric disorder, were classified as “unaffected.” Under this 
scheme, 91 individuals were classified as affected (50 men and 41 women), and 141 
individuals were classified as unaffected (61 men and 80 women). In the second, indi- 
viduals with any psychiatric illness were classified as “affected,” and only those individuals 
with no psychiatric disorder were classified as “unaffected.” In this case, there were 99 
affected individuals (54 men and 45 women) and 133 unaffected individuals (57 men 
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and 76 women). Analyses were performed for both of these methods of classification. 
Initially, two-way chi-square tests for association were used to determine if a significant 
association exists between affection status and each of the marker loci. 

The purpose of this article was an investigation of linkage, as the ascertainment scheme 
for inclusion of a family in the study was quite complex and traditional methods of 
segregation analysis were not appropriate. The robust sib-pair method (Haseman and 
Elston 1972; Elston et al. 1973) was used to screen for linkage relationships between a 
putative genetic component underlying DSD and any of the 30 polymorphic loci listed 
above. Linkage was also investigated using approximate lod-score methods. Although 
the variable age of onset in this disorder can be ignored in the sib-pair method, the 
parametric lod-score method requires that some assumptions be made about both the 
mode of inheritance and the age of onset distribution. The method of Bailey-Wilson et 
al. (1986) was used to determine the form of the age of onset distribution, and additional 
parameters for the mode of inheritance were obtained by fitting a transmission probability 
model where age of onset is normally distributed (Elston and Yelverton 1975). The model 
assumes that there are three types of individuals-AA, Aa, and aa-whose proportions 
in the population are q2, 2q(l-q) and (1 -q)*, respectively. Three transmission prob- 
abilities TA,++A, 7Alt*A, and 7-A, are defined as the probability that an AA, Aa, and 
aa parent transmits A to their offspring. Under the simple mendelian hypothesis, these 
probabilities are 1 .O, 0.5, and 0.0, respectively. Individuals of type AA (under a recessive 
model), and individuals of types AA and Aa (under a dominant model), are assumed to 
have a probability y of being susceptible to DSD, and all other individuals are assumed 
to be not susceptible. 

Although it was not practical to allow for the method by which the families were 
ascertained in any rigorous manner, the likelihood of the data under the above model 
was conditioned on the likelihood of the phenotype of the proband (assuming only one 
proband per family) as an approximation (Majumder 1985). The likelihood was maximized 
over all unknown parameters, without any restrictions and under the following restrictive 
hypotheses: (1) TV = I, TAa = 0.5, 7, = 0.0: a “mendelian” hypothesis; and (2) 7AA 
ZZ T,&, = 7,: an “environmental” hypothesis. Twice the decrease in the natural logarithm 
of the likelihood was then compared to a chi-square distribution to test for significant 
departure from each hypothesis. 

Using the parameter estimates obtained for the best fitting monogenic mendelian model 
found, lod-score linkage analyses between the putative gene for DSD and each of the 
polymorphic marker loci were performed using pedigree analysis methods (Elston and 
Stewart, 1971; Ott 1974,1985). Log,, likelihoods for male and female recombination 
fractions of 0.0, 0.1, 0.2, 0.3, and 0.4 were computed and expressed as lod-scores 
relative to the log,,-, likelihood for independent recombination, allowing for a uniform 
age of onset distribution (Hodge et al. 1979). As the method of estimation used was 
appropriate only for families ascertained through single probands, the gene frequency 

was expected to be overestimated. Therefore, the estimate of the gene frequency (4) was 
reduced by a factor of 10. It was verified that a difference of this magnitude in the assumed 
gene frequency had little effect on the results. 

Results 

Two markers, transferrin (TF) and hemoglobin+ (HBB), were not polymorphic and were 
not included in the analyses. When only individuals with unipolar depression, alcoholism, 
or antisocial personality were considered to be affected, no marker-disease associations 
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Table 1. Results of Sib-pair Linkage Analyses Between Depression Spectrum Disease and 
ORM, Including (1) Only Unipolar Depression, Alcoholism, or Antisocial Personality as 
Affected, and (2) Any Psychiatric Illness as Affected 

Concordant versus 
discordant pairs 

p-value 

Mean estimated proportion of marker 
genes shared identical by descent 

0 Sibs 1 Sib 2 Sibs 

affected affected affected 

(1) 0.006 0.56’ 0.48 0.52 

(2) 0.006 0.W 0.48 0.53” 

9.01 < p < 0.05, *p TZ 0.01, based on one-tail msts for significant deviation from OS. 

were found to be significant after allowing for the multiple tests performed. The mean 
estimated proportion of marker genes that sib-pairs share identical by descent (i.b.d.) 
was significantly less for discordant pairs than for the concordant pairs for only the 
orosomucoid (ORM) locus (p < 0.006, after allowing for 28 multiple comparisons), and 
the mean proportions of genes i.b.d. had the pattern expected in the case of linkage 
(Table 1). When individuals with any psychiatric illness were considered to be affected, 
the results were similar (Table 1). Regardless of how affection status was defined, the 
sib-pair analysis did not detect linkage with HP, which was previously suggested as a 
possible linkage with weak evidence (Tanna et al. 1976a, 1979); p-values were greater 
than 0.9 and 0.7 for only DSD and any psychiatric illness, respectively. 

Results of fitting transmission probability models are presented in Table 2. Given the 
relatively small sample size, the difficulty in properly allowing for the mode of ascer- 
tainment, and the fact that some of the parameter estimates occurred at boundary values 

Table 2. Maximum likelihood estimates, chi-square values, and degrees of freedom for 27 depression 
spectrum disease families analyzed under the transmission probability model (1) including only unipolar 
depression, alcoholism, or antisocial personality as affected and (2) including any illness as affected 

Hypothesis 

Transmission 
probabilities Gene 

frequency Susceptibility 
Age of onset 

Chi-square 
T.AA 7.4. 7, 4 Y Mean SD (8) 

(1) 
Unrestricted 

Mendelian 
dominant 

Mendelian 
recessive 

Environmental 

(2) 

Unrestricted 
Mendelian 

dominant 

Mendelian 
recessive 

Environmental 

1.000 0.860 0.052 0.178 0.627 36.85 13.89 

1.000 0.500 0.000 0.119 0.849 36.26 14.04 2.574 

(2-3) 
1.000 0.500 0.000 0.984 0.474 35.89 14.12 6.146 

(2-3) 
0.383 0.383 0.383 0.236 0.823 36.26 14.03 3.551 

(l-2) 

1.000 0.877 0.019 0.101 0.685 35.95 14.21 
1.000 0.500 0.000 0.091 0.923 35.47 14.27 3.432 

(2-3) 
1.000 0.500 0.000 0.882 0.570 36.64 14.17 10.438” 

(2-3) 
0.375 0.375 0.375 0.209 0.911 35.47 14.28 6.813” 

(l-2) 
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rather than at local maxima of the likelihood surface, twice the decrease in log likelihood 
cannot be considered to be distributed exactly as chi-square. Nevertheless, the fit of the 
various hypotheses can be approximately gauged by comparing these “chi-square” values 
to chi-square distributions corresponding to the degrees of freedom given in Table 2. 
Regardless of whether or not individuals with psychiatric disorders other than unipolar 
depression, alcoholism, or antisocial personality were considered to be affected, the 
mend&an dominant hypothesis clearly was the best fit. The parameter estimates were 
similar to those reported by Tanna et al. (1979), who assumed a log-normal age of onset 
distribution. 

The age of onset plots are given in Figure 1, where the scale for the vertical axis is 
arbitrary (see Bailey-Wilson et al. 1986). As the sample contained only one unaffected 
individual with age at examination later than 60 years old, the three outlying individuals 
with ages of onset after 60 years old were not included in the plots. The points on this 
plot can be approximately fitted by either a cumulative normal distribution or a cumulative 
uniform distribution. The lod-score linkage analyses assumed a dominant mode of in- 
heritance for the susceptibility gene, with a linear cumulative age of onset distribution. 
For DSD, the penetrance was taken to be 0.0 below 13 years of age and 0.849 after 61 
years of age, increasing linearly between these two ages. For any psychiatric illness, the 
penetrance was assumed to rise linearly from 0.0 at age 11.5 years to 0.923 at 61 years 
of age. 

Results of the lod-score linkage analyses between DSD and the 28 polymorphic marker 
loci, constraining the male and female recombination fractions to be equal, are presented 
in Table 3. Linkage was excluded (lod-score less than or equal to - 2.0) at a recombination 
fraction of 0.0 for 15 systems and at a recombination fraction of 0.10 for 5 systems. 
Weak evidence of linkage was found with ORM. A maximum lod-score of 1.29 was 
found at a recombination fraction of 0.0. When male and female recombination fractions 
were allowed to be different, the maximum lod-score was approximately 1.46 at a male 
recombination fraction of 0.29 and a female recombination fraction of 0.01. This dif- 
ference was not significant (p = 0.56). The analysis was repeated using sex-specific 
penetrances calculated from the number of affected men and women after adjusting for 
the number of probands. Taking the maximum penetrances to be 0.936 and 0.777 for 
men and women, respectively, with male and female recombination fractions constrained 
to be equal, the maximum lod-score increased from 1.29 to only 1.34 at a recombination 
fraction of 0.0. This difference was smaller than that of the nonsignificant result noted 
above. 

Results of the lod-score linkage analyses for any psychiatric disorder, again constrain- 
ing the male and female recombination fractions to be equal, are presented in Table 4. 
Linkage was excluded for 17 systems at a recombination fraction of 0.0 and for 7 systems 
at a recombination fraction of 0.10. However, somewhat stronger evidence for linkage 
was found with ORM than before. Using quadratic interpolation, a maximum lod score 
of 1.45 was found at a recombination fraction of 0.05 for ORM. When male and female 
recombination fractions were allowed to be different, the maximum lod-score for ORM 
was 1.68 at a male recombination fraction of 0.23 and a female recombination fraction 
of 0.01. Again, this difference was not significant (p = 0.50). Similarly, for sex-specific 
maximum penetrances taken to be 0.990 and 0.868, the maximum h&score increased 
from 1.45 to 1.50 at a recombination fraction of 0.0. 

Changing the frequency of the disease allele had virtually no effect on the lod-scores. 
When only unipolar depression, alcoholism, and antisocial personality were considered 
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Figure 1. Empirical cumulative plot of the ages of onset adjusted for the variable ages at examination 
for (a) individuals with depression, alcoholism, or antisocial personality considered to be affected, 
and (b) individuals with any psychiatric disorder considered to be affected. The vertical scale is 
arbitrary. 
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Table 3. Lad-Scores from Linkage Analysis between Depression Spec@m Disease and 28 
Polymorphic Marker Loci 

Recombination fraction 

Marker Location 0.0 0.1 0.2 0.3 0.4 

cm- 
KEL 

PGD 

RH 

PGMl 

FY 

ACPl 

IGK (KM) 

JK 

GC 

MNS 

BF 

GLOl 

ORM 

AK1 

ABO 

DB 

PA 

PR 

ESD 

PI 

IGHG (GM) 

HP 

c3 

LE 

SE 

ADA 

Pl 

1P 

‘P 

‘P 
1 

2P 

2P 

B 

4s 

6~ 

6~ 

9q 

9q 

9q 

12P 

12P 

12P 

13q 

14q 

14q 

16q 
19 

19 

19 

2oq 
22 

- 10.841 -2.510 

- 0.480 -0.276 

0.457 0.368 

- 9.529 -1.448 

- 2.432 - 0.025 

-0.997 -0.281 

- 6.850 - 1.238 

0.050 -0.096 

- 2.205 -0.898 

-9.832 - 3.817 

- 9.494 -1.906 

- 3.834 - 1.386 

- 1.086 0.159 

1.293 1.167 

-0.559 -0.291 

-6.189 - 2.034 

-0.663 -0.210 

- 1.284 -0.816 

-4.081 -0.897 

-1.644 - 0.435 

-3.845 -1.560 

- 6.203 -2.641 

- 10.060 - 2.943 

- 5.724 -0.445 
-0.384 -0.157 

- 1.626 - 0.450 
-0.717 -0.413 

- 3.374 -0.908 

-0.904 -0.255 - 0.034 

-0.141 - 0.058 -0.014 

0.310 0.213 0.097 

- 0.086 0.220 0.098 

0.409 0.356 0.139 

- 0.052 -0.016 - 0.038 

-0.365 - 0.086 -0.037 

-0.123 -0.087 - 0.037 

-0.389 -0.137 - 0.024 

- 1.696 - 0.669 -0.200 

-0.282 0.152 0.100 

- 0.503 -0.158 - 0.058 

0.510 0.402 0.136 

0.966 0.599 0.189 

-0.148 -0.061 -0.015 

- 0.735 - 0.221 -0.041 

- 0.010 0.058 0.049 

- 0.401 -0.156 - 0.035 

-0.328 - 0.099 - 0.020 
- 0.034 0.047 0.003 

- 0.456 0.000 0.078 

- 1.063 -0.329 -0.055 

- 1.252 -0.447 -0.091 
0.120 0.176 0.068 

- 0.067 -0.025 - 0.005 
-0.169 -0.048 -0.003 

-0.124 0.013 0.038 
-0.133 0.072 0.049 

to be affected, for example, the h&scores at a male recombination fraction of 0.30 and 
a female recombination fraction of 0.01, were 1.43, 1.46, and 1.46 for disease allele 
frequencies of 0.12, 0.012, and 0.001, respectively. Linkage results between DSD and 
ORM for the two families that could not be unequivocally classified as DSD families 
were specifically examined and found to be virtually noninformative. 

Discussion 

in this study, the robust sib-pair method and the lod-score method were used to determine 
if linkage could be found between DSD and 28 polymorphic marker loci. The analysis 
suggests that there may be a gene closely linked to the orosomucoid (ORM) locus involved 
in the etiology of DSD. The odds in favor of linkage are about 29 to 1. The odds in 
favor of linkage are somewhat higher, about 48 to 1, when individuals with any psychiatric 
illness are considered to be affected in addition to individuals with depression, alcoholism, 
or antisocial personality. This may indicate that a genetic component is involved in a 
phenotype with a broader spectrum of psychiatric disease than DSD. 
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Table 4. L&Scores from Linkage Analysis between Any Psychiatric Disease in Depression 
Spectrum Disease Families and 28 Polymorphic Marker Loci 

Recombination fraction 

Marker Location 0.0 0.1 0.2 0.3 0.4 

GET 
KEL 

PGD 

RH 
PGMl 
FY 
ACPl 

IGK 
JK 

CC 

MNS 
BF 

CL01 

ORM 

AK1 

ABO 

DB 

PA 

PR 

ESD 

PI 

IGHG 

HP 

c3 

LE 

SE 

ADA 

Pl 

1P 

‘P 

‘P 
1 

2P 

2P 

i 

4s 

6~ 

6~ 

94 

9q 

9q 

I2P 

12P 

12P 

13q 

14q 

14q 

1% 
19 

19 

19 

2oq 
22 

-11.901 - 2.443 -0.805 

- 1.008 -0.627 - 0.335 

0.523 0.426 0.361 

-8.077 0.063 0.837 

- 5.017 - 0.422 0.341 

- 1.348 - 0.494 -0.162 

-9.714 -2.100 -0.801 

-0.111 -0.173 -0.157 

-2.445 -0.869 -0.355 

-11.219 - 4.207 - 1.941 

- 10.308 - 2.254 -0.344 

-4.622 - 1.586 -0.506 

-0.134 0.810 1.105 

1.428 1.430 1.259 

-0.651 -0.321 -0.144 

-7.211 - 2.557 -1.001 

- 1.278 -0.565 -0.196 

- 1.456 -0.918 - 0.463 

-6.883 - 1.247 - 0.462 

- 2.986 -0.342 0.163 

-4.691 - 1.615 -0.313 

-9.013 - 3.483 - 1.453 

- 10.008 -2.568 -0.782 

- 7.072 - 1.362 -0.349 

-0.616 -0.182 -0.066 

- 1.721 -0.292 -0.035 

-3.192 - 1.223 -0.552 

- 3.662 - 1.781 - 0.675 

-0.198 - 0.020 

-0.143 -0.035 

0.246 0.107 

0.695 0.232 

0.398 0.166 

-0.064 -0.051 

-0.267 -0.080 

-0.108 -0.051 

-0.117 -0.019 

-0.779 - 0.233 

0.195 0.131 

-0.107 -0.032 

0.819 0.287 

0.810 0.266 

- 0.052 -0.011 

-0.325 -0.064 

- 0.022 0.028 

-0.182 -0.041 

-0.144 - 0.029 

0.214 0.087 

0.154 0.160 

-0.472 - 0.084 

-0.131 0.012 
-0.010 0.041 

- 0.022 - 0.005 

0.041 0.036 
- 0.204 -0.044 
- 0.173 -0.002 

The suggestion of linkage was corroborated with both the sib-pair and lod-score meth- 
ods, Although the sib-pair method does not require an assumption of monogenic inher- 
itance or knowledge of any of the parameters specifying either the mode of inheritance 
or age of onset distribution, the lod-score method requires that assumptions be made 
concerning the mode of inheritance, gene frequency, and age of onset distribution- 
parameters estimated from segregation analysis. However, the sib-pair method will only 
detect linkage, whereas the lod-score method provides a measure of the odds in favor of 
linkage (M-score) and estimates the recombination fraction between linked loci. It should 
also be noted that the significance level for the sib-pair method is usually adjusted to 
allow for multiple comparisons, whereas the analogous p-value for the traditional lod- 
score method is not similarly adjusted. For example, when any psychiatric illness is 
considered to be affected, the unadjusted p-values are 0.0002 and 0.005 for the sib-pair 
and lod-score methods, respectively; after allowing for multiple comparisons, these p- 
values become 0.006 and 0.13, respectively. We do not yet know enough about the 
robustness and power of these two statistical methods to interpret the difference in these 
significance levels. 
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In addition to ORM, adenylate kinase (AU) and the ABO blood group are also located 
on chromosome 9q. Moving distally from the centromere, the order of the loci is thought 
to be ORM-AKI-ABO, and the estimated recombination fractions are ORM-AK1 0.30, 
AKl-ABO 0.18, and ORM-ABO 0.34 (Meera Khan and Smith 1984). The families 
were relatively uninformative for AK1 , and linkage was excluded up to a recombination 
fraction of 0.1 with the ABO locus. Given the relatively large recombination fraction 
between ORM and ABO, this negative finding is not inconsistent with a linkage to the 
ORM locus. A large proportion of the families in this study were not informative for 
linkage between DSD and ORM. At a recombination fraction of 0.0, 16 families had 
lod-scores between -0.1 and 0.1, 6 families had lod scores 3 0.1 (the largest being 
1.32), and 5 families had lod scores s - 0.1 (the smallest being - 0.88). The number 
of informative and uninformative families was similar when any psychiatric illness was 
classified as affected. 

The study by Hill et al. (1988) has replicated the main finding of this article. They 
found evidence for linkage between DSD and ORM (p = 0.008, not allowing for multiple 
comparisons), although the criteria for classification as affected were somewhat different. 
When this result is adjusted for multiple comparisons (p = 0.175) and combined with 
the p-value from the present study, the overall adjusted p-value can be determined by 
comparing -2-C In p to a x2 distribution with 4 degrees of freedom (Fisher 1950). The 
overall p-value for these two studies combined is then < 0.01. Similarly, when the p- 
value from the suggested linkage of DSD and HP (Tanna et al. 1976a) is combined with 
the corresponding p-value from the present study the overall p-value is not significant (p 
> 0.1). 

Further studies may uncover linkages specific to other subgroups of affective disorder. 
However, we should not be surprised if there are genes predisposing individuals to 
psychosis in general, as suggested by Karlsson (1985) to explain the genetic basis for 
schizophrenia in large Icelandic pedigrees. It is interesting to note that a number of reports 
have suggested linkage (or association) of different psychiatric disorders to two groups 
of linked markers, the ABO-DBH-AKl-ORM loci on the long arm of chromosome 9 
and the GC and MNS loci (recombination fraction of 0.42; B .J.B. Keats, personal 
communication) on the long arm of chromosome 4. In addition to the results of the present 
study, Tanna et al. (1988) suggest weak evidence of linkage of pure depressive disease 
with ABO and MNS, and Book et al. (1978) noted an association between schizophrenia 
and low value of dopamine-P-hydroxylase (DBH), which has recently been shown to he 
linked to the ABO locus (Wilson et al. 1988). Slater and Ziskind (1973) found an 
association between female psychiatric patients and the CC “2” allele; Tanna et al, (1977b) 
suggested an association between DSD and the GC “1” allele; and BoLik et al. (1978) 
noted an association between schizophrenia and the GC “2” allele in a single large 
pedigree. In a linkage analysis involving dizygotic twin pairs, the most significant result 
found by Elston et al. (1973) was that of a linkage between GC and hospitalized psychosis. 
In other studies, Tanna et al. (1976b, 1977a) suggested weak evidence for linkage of PDD 
and GC; Johnson et al. (1981) found weak evidence of linkage between bipolar and 
unipolar depression of GC; Hill et al. (1988) found weak evidence for linkage between 
GC and DSD; and Goldin et al. (1983) found weak evidence of linkage between bipolar 
affective disorder and MNS. 

Although a few studies have excluded tight linkage between various psychiatric dis- 
orders and the ABO, ORM, GC, and MNS loci (Crowe et al. 1981; Johnson et al. 1981), 
direct comparisons between these studies are difficult because of different diagnostic 
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criteria, different schemes for classifying individuals as affected, and differences in the 
methods of analysis, especially with respect to age of onset and reduced penetrance. In 
any case, the very number of studies that have presented weak evidence of linkage or 
association to these two groups of linked loci is intriguing and would appear to warrant 
further linkage studies involving a more complete set of polymorphic markers on the long 
arm of chromosome 9 and the long arm of chromosome 4. 
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