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Figure 4. A schematic representation of genetic case control paradigm 2.   
The same assumption as in figure 3 holds. 

 

unaffected individuals gives a much weaker ability to resolve the nature of 
susceptibility because we know that the unaffected relatives are a mixture of those 
with nonmanifesting susceptibility and those who have no inherited susceptibility. 

In the second genetic case control paradigm (Figure 4), the linked marker is 
used to identify those who have inherited high susceptibility, allowing researchers 
to examine the differences between those who are affected and those who are 
unaffected. What other factors, be they biological, psychosocial, or environmental, 
are involved in determining which individuals with high susceptibility are affected, 
and which individuals with that same inherited high susceptibility are, in fact, 
unaffected. Being able to do such studies in the future is one goal of looking for a 
linked marker. 
 

What are the requirements for finding a linked marker? What kind of research 
design is required? A simple tabulation of those requirements is given in Table 4. 
More than half fall into clinical realm. Enough progress has been made over the past 
decade towards meeting all these requirements that linkage studies have begun, but 
further improvement is still needed as noted in the first section of this paper. At the 
moment, however, the major hindrance toward progress is the lack of adequate 
family material. 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The largest study to date has been undertaken in one large family with manic 
depressive illness identified in the Older Order Amish community in the United 
States (Egelarid Hostetter 1983). This religious community within the Unites States 
has been genetically isolated for the last eight generations. The population can be 
traced back for 11 or 12 generations to a very small number of founders in the early 
1700's. The studies ongoing involve the collaboration of several laboratories; most 
of the following summary has already been published (Kidd et al. 1984a, b, Gerhard 
et al. 1984). 

We have been studying in collaboration with David Housman and Daniela 
Gerhard at M.I.T. several genetic loci on the short arm of chromosome 11. These 
include both anonymous RFLPs and known genes of known regional localization 
that can also be followed in families because they have RFLPS. The HRAs oncogene 
is right at the tip of the short arm of chromosome 11. Also in the terminal region of 
this chromosome arm is an insulin‐like growth factor, the structural gene for insulin, 
tyrosine hydroxylase (a gene of obvious neuropsychiatric relevance), and the beta 
hemoglobin cluster of genes (beta, delta, the embryonic and fetal beta like genes). 
The parathyrold hormone and calcitonin hormone genes are located in the 
subterminal region   they are close together but not in the identical position. 

 
We have studied RFLPs for some of these loci in Old Order Amish pedigree 110 

(see Kidd et al. 1984a, for a drawing of the pedigree), a pedigree collected and 
diagnosed by Dr. Janice Egeland. We have found a segregation pattern that is 
consistent with what we would expect if a gene causing manic depressive illness in 
this population were located on the tip of chromosome 11. The statistical evidence 
shows that this family gives about 50:1 odds favoring a gene in the region between 
HRAS and insulin over nonlinkage to that region. The evidence drops off for other 
genes close by and is insignificant for genes such as parathyroid hormone that are 
closer to the centromere. The most important thing to note is that an odds ratio of 

TABLE 4 
 
 
Requirements for finding a (the) gene for a psychiatric disorder. 
1.  Standardized, reliable diagnostic criteria 
2.  Methods for systematic assessment of symptoms 
3.  Large extended families with manv affected individuals 
4.  Polymorphic genetic loci distributed throughout the genome 
5.  Appropriate statistical methods 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50:1 is not statistically significant. This is a family of 52 individuals of whom ten are 
affected. A family of that size is not sufficient to give unequivocal answers to the 
questions we are asking. Nonetheless, this is a hint. More importantly, it is an 
example of the potential of this approach. We are working on trying to find other 
families , other groups are finding other families in which they are going to test 
whether our finding on chromosome 11 is supported in other families (we can reach 
significance only by slimming across families) or whether it will wash away and turn 
out simply to be a statistical fluctuation. In the meantime, we are looking in the 
same family at other genes on other chromosomes. 

Based on recent unpublished results from my laboratory, the most conclusive 
statement possible is that a gene for manic depressive illness in this Old Order 
Amish family is not close to the gene for Huntington's disease (Kidd et al. 
unpublished). We do, however, have some other slightly positive findings on 
another chromosome. Obviously, in one family the gene cannot be both on 
chromosome 11 and on some other chromosome, but neither result is statistically 
significant. 

We have not tested the vast majority of the genome so we are unable to reach 
any firm positive conclusion as yet. However, we do have a powerful new 
methodology and are beginning to make progress in applying it. The method 
promises to help untangle some of the great complications in the genetics of 
affective disorders. 
 
 
 

References 
 
Botstein, D., White, R.L., Skolnick, M.H. & Williamson, J.W.  Construction of a genetic linkage 

map using restriction fragment length polymorphisms. Am. J. Human Genet. 32: 314‐
331 (1980). 

Egeland, J.A. & Hostetter, A.M.  Amish Study 1: affective disorders among the Amish, 1976‐
1980.  Am. J Psychiat. 140: 56‐61 (1983). 

Feder, J., Gurling, H.M.D., Darby, J. & Cavalli‐Sforza, L.L.  DNA restriction fragment analysis of 
the proopiomelanocortin gene in schizophrenia and bipolar disorders. Am. J. Human 
Genet. 37: 286‐294 (1985). 

Gerhard, D.S., Kidd, K.K., Kidd, J.R. , Egeland, J.A. & Housman, D.E.  Identification of a recent 
recombination event within the human hemoglobin beta cluster. Proceedings of the 
National Academy of Science, USA 81: 7875‐7879 (1984). 

Gusella, J., Wexler, N., Conneally, P., Naylor, S., Anderson, M., Tanzi, R., Watkins, P., Ottina, K., 
Wallace, M., Sakaguchi, A., Young, A., Shoulson, I., Bonilla, E. & Martin, J.  A 
polymorphic DNA marker genetically linked to Huntington's disease. Nature 
(London) 306: 234‐238 (1983). 

Kan, Y.W. & Dozy, A.M.  Polymorphism of DNA sequence adjacent in human beta‐globin 
structural gene: relationship to sickle mutation. Proc. Natl. Acad. Sci., USA 75: 5631‐
5635 (1978). 

Kidd, K. K. & Gusella, J.  Report of the committee on the genetic constitution of chromosomes 
3 and 4. Human Gene Mapping Workshop 8. Cytogenet. Cell Genet. 40: 107‐127 
(1985). 



Genetic research on affective disorders    91 

Kidd, K.K., Egeland, J.A., Molthan, L., Pauls, D.L., Kruger, S.D. & Messer, K.H.  Amish Study: IV. 
Genetic linkage study of pedigree of bipolar probands. Am. J Psychiat. 141: 1042‐1048 
(1984a). 

Kidd, K.K., Gehard, D.S., Kidd, J.R., Housman, D. & Egeland, J.A.  Recombinant DNA methods in 
genetic studies of affective disorders. Proceedings of the 14th C.I.N.P. Congress. Clin. 
Neuropharmacol. 7, Supplement 1, pp. 198‐199 (1984b). 

Skolnick, M.H., Willard, H.F. & Menlove, L.  Report of the Committee on Human Gene 
Mapping by Recombinant DNA Techniques. HGM7. Cytogenet. Cell Genet. 37: (1984). 

Southern, E.M.  Detection of specific sequences among DNA fragments separated by gel 
electrophoresis. J. Mol. Biol. 98: 503‐517 (1975). 

Weissman, M.M., Wickramaratne, P., Merikangas, K.R., Leckman, J.F., Prusoff, B.A., Caruso, 
K.A. , Kidd, K.K. & Gammon G. D.  Major depression in early adulthood. Arch. Gen. 
Psychiat. 41: 1136‐1143 (1984). 

Willard, H.F., Skolnick, M., Pearson, P. & Mandel, J.L.  Report of the Committee on Human 
Gene Mapping by Recombinant DNA Techniques. HGM8: Eighth International Human 
Gene Mapping Workshop. Cytogenet. Cell Genet. 40: 360‐489 (1985). 



103 

 
 

SESSION III 
DISCUSSION 

 
DR. CHARLES REYNOLDS 

Has sleep deprivation confounded phototherapy experiments? 
 
DR. T. WEHR 

We have shown that seasonal affective disorders respond to sleep deprivation 
without light; however, sleep deprivation is not necessary for the antidepressant 
effect of bright light. 
 
DR. REYNOLDS 

Was REM sleep comparable across the various designs prior to sleep 
deprivation? 
 
DR. WEHR 

In my patients undergoing partial sleep deprivation in the later part of the 
night, but not the early part of the night, there was a 30 to 40 per cent decrease in 
REM sleep. 
 
DR. S. JAIN 

What is the outcome of sleep disturbance with normal recovery of depression? 
 
DR. WEHR 

The cause and effect relationship is not clear. Although various changes have 
been observed in patients going into a depressive episode or switching into mania, it 
was difficult to generalise from these findings. Phase of illness is an important 
variable for research work. 
 
DR. S. JAIN 

What is the effect of REM rebound after REM deprivation on clinical 
improvement? 
 
DR. WEHR 

The best responders had the highest REM rebound. 
 
DR. JAIN 

What is the role of changes in ultraradium rhythms due to sleep deprivation? 
 
DR. WEHR 

We have not looked into this aspect. 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DR. R. HIRSCHFELD 

Dr. Rao, could you clarify what you said about birth order studies and your 
conclusions regarding X‐linkage? 
 
DR. B.S.S.R. RAO 

There is an excess of earlier born in our studies on schizophrenia, which is due 
to social attitudes of getting patients for consultation to the hospital. In bipolar 
disorders there is not much of a diagnostic problem as patients are brought because 
of the seriousness of their illness. Diagnosis of bipolar cases is relatively easier when 
we know that at least in quite a number of families there are more relatives affected 
with a similar illness. (He showed some slides of pedigrees to illustrate this.) 
 
DR. R.S. MURTHY 

Why have you not differentiated between early and late onset affective 
disorder? 
 
DR. B.S.S.R. RAO 

This dichotomy is valid as far as I know only for unipolar depression. This is 
specially so when considering genetic aspects since bipolar disorders do not differ 
very much while unipolar disorders definitely have a difference so far as age of 
onset is concerned. 
 
DR. MANJUNATH 

Could you comment on the association between sex chromosome anomalies 
and affective disorders? 
 
DR. K. KIDD 

The distinction should be made that the suggested association of sex 
chromosome anomalies is with affective symptoms, not with the syndrome. A 
related example is the schizophreniform psychosis associated with Wilson's disease. 
 
DR. MANJUNATH 

What is the significance of detection of chromosomal anomalies such as small 
deletions? 
 
DR. KIDD 

Cytologically detectable small lesions usually result in detectable phenotypic 
differences and as such these findings are important. However, in the families with 
affective disorders there was no phenotypic evidence of any other abnormality, so 
the chromosomes have not been examined. 
 
DR. MANJUNATH 

Such marker studies in the general population do not seem feasible. 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DR. KIDD 

Population studies are not possible and perhaps are irrelevant as the sought 
after marker would only be informative within individual families. It is likely that 
there is genetic heterogeneity in affective disorder, but a genetic understanding of 
even a small sub‐group of patients will help in a better understanding of the whole. 




