Kenneth S. Kendler, M.D.

Reflections on the
Relationship Between
Psychiatric Genetics and
Psychiatric Nosology

Abstract: Research advances in psychiatric genetics have raised expectations that genetic findings might lead to major
breakthroughs in psychiatric nosology. The author reviews the plausibility of these claims. Four areas are addressed.
First, it is argued that familial aggregation of a single putative psychiatric syndrome provides at best limited evidence for
the validity of that syndrome. Second, both traditional and molecular genetic strategies can supply important insights
into major diagnostic conundrums. However, evidence that one or a few individual genes impact on risk for two disor-
ders is not likely to resolve definitively the nosologic relationship between the two syndromes. Third, while gene-based
essentialist models for psychiatric disorders are conceptually appealing, they are not well supported empirically. Gene
discovery in psychiatry is, on its own, unlikely to allow us to “carve nature at its joints,” thereby validating categorical
psychiatric diagnoses. Fourth, the project to ground “messy” psychiatric categories on the firm foundation of genes—as
an archetypal natural kind—may be fundamentally flawed because the very concept of “the gene” as a discrete entity is
itself increasingly in doubt. Whereas psychiatric genetics has and will continue to provide important insights into the
etiology of psychiatric and substance use disorders, it is not likely alone to provide deep answers to the complex and

multifaceted problems facing psychiatric nosology.

(Reprinted with permission from The American Journal of Psychiatry 2006; 163:1138-1146)

Psychiatrists struggling with nosologic problems
have long turned to psychiatric genetics seeking an-
swers. More than 70 years ago, Schulz used the
family study method to evaluate the validity of
Kraepelin’s subtyping system for schizophrenia (1).
The last decade has witnessed an explosion of re-
search in psychiatric genetics, particularly in the
areas of linkage, association, and gene identifica-
tion. Expectations have been raised that these ad-
vances could be translated into nosologic insights
that would change fundamentally the ways in
which we conceptualize and diagnose psychiatric
illness.

I begin this essay with the question of the di-
agnostic significance of familial aggregation.
How much does the tendency for a syndrome to
run in families (or be heritable in twin studies)
tell us about its underlying diagnostic validity?
We then examine the degree to which genetic
strategies can inform us about major nosologic
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conundrums such as the relationship between
schizophrenia and bipolar illness. In particular,
will application of molecular genetic strategies
produce new insights into these old problems?
Next, we explore, from a nosologic perspective,
the attractions and failures of the Mendelian
model for psychiatric disorders. In so doing, we
examine how findings in psychiatric genetics can
impact on our understanding of the basic nature
of psychiatric disorders. Especially, can genetics
research tell us whether psychiatric disorders are
true entities defined by their underlying nature?
Finally, now that we are beginning to identify
and replicate susceptibility genes for psychiatric
disorders, we explore the nosologic implications
for such findings. In particular, to what degree
can we anchor our diagnostic concepts on disease
genes, even as the basic definition of the nature of
a gene is shifting in light of advancing knowl-
edge?
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THE LIMITS OF FAMILIAL AGGREGATION
OR HERITABILITY AS A MEASURE OF
DIAGNOSTIC VALIDITY

Although evidence that psychiatric disorders
are inherited (or “run in families”) had been
noted by psychiatric clinicians of past genera-
tions, the first actempt to use this finding in a
formal diagnostic process was taken by Robins
and Guze in 1970 (2). In their seminal paper,
they proposed five phases of diagnostic valida-
tion, the last of which was titled “family study.”
About this fifth phase, they wrote:

Most psychiatric illnesses have been shown to run in
families, whether the investigations were designed to
study hereditary or environmental causes. Independent
of the question of etiology, therefore, the finding of an
increased prevalence of the same disorder among the
close relatives of the original patients strongly indicates
that one is dealing with a valid [diagnostic] entity.

To be useful, a validating criterion must have both
high sensitivity (to validate most syndromes that
are true disorders) and high specificity (to invali-
date most syndromes that are not true disorders).
Only in this case can we be confident that syn-
dromes meeting the validating criterion are likely to
be true disorders.

Although the criterion of familial aggregation
probably has high sensitivity (most true psychiatric
disorders run in families), it has poor specificity
because lots of things that run in families are not
valid diagnostic entities. This point can be illus-
trated with the following scenario, in which physi-
cal rather than mental characteristics are central: A
new disorder, “syndrome Z,” is proposed with
three diagnostic criteria: 1) height over 6 ft, 2) red
hair, and 3) a large nose. A family study of syn-
drome Z collects 100 affected individuals and 100
control individuals and then examines all first-de-
gree relatives. A substantially higher prevalence of
syndrome Z is found in the relatives of the affected
individuals than in the relatives of the controls. On
this basis, syndrome Z is declared to meet the “fam-
ily study” validity criterion of Robins and Guze.

Since height, hair color, and nose size all “run in
families,” a syndrome constituted of these three
traits will, ipso facto, also be familial. The applica-
tion of the “family study” criterion to syndrome Z
will produce a false positive result. Because the pre-
ponderance of human psychological and physical
traits are familial, such false positive results are
likely to be common, undermining the value of the
validating criterion of familial aggregation.

In their generally thoughtful book, McHugh and

Slavney (3) made a similar error of inference. They
suggested that psychiatric syndromes can be viewed
from four perspectives: as diseases, dimensions, be-
haviors, and life stories. Each of these perspectives,
they suggested, is appropriate for certain psychiat-
ric disorders. In discussing whether anxiety is best
conceptualized as a dimension or a disease, they
wrote:

Anxiety can also be the cardinal feature of attacks of the
panic-anxiety state, a psychiatric condition that has
been documented as probably a disease by demonstrat-

ing its heritability (3, p. 142).

McHugh and Slavney suggested that heritability
of a syndrome supports its being considered a dis-
ease rather than a disordered behavior or the patho-
logical end of a dimensional process. As with Robin
and Guze’s criterion for familial aggregation, this
claim might have high sensitivity, because most
true psychiatric diseases are heritable. However,
their claim will have low sensitivity because a large
proportion of other human physical, psychological,
and behavioral traits are also heritable. In particu-
lar, syndromes characterized by disordered behav-
ior (including drug and alcohol abuse, antisocial
behavior, and bulimia), symptoms of anxiety, and
all major dimensions of personality (several of
which are strong risk factors for certain psychiatric
syndromes) are all substantially heritable (4—9). A
decision about whether to call a syndrome a disease
requires the considerations of other factors in addi-
tion to its degree of heritability.

THE LIMITS OF GENETICS AS A TOOL TO
ADDRESS DIAGNOSTIC CONUNDRUMS

Examining disorders one at a time in genetic de-
signs provides nosologic information of limited value.
This is not true when two or more disorders or criteria
sets are examined. For example, in comparing two
approaches toward diagnosing the same disorder,
showing that one produces a higher degree of familial
aggregation is useful information for the nosologist.
Assume we have one well-established disorder—A—and
a new disorder—B—that might be closely related. It
would be of substantial nosologic interest to deter-
mine if; in a family study, disorder B occurs at elevated
rates in the relatives of probands with disorder A. If the
answer to this question is yes (as, for example, has been
seen for schizophrenia and schizotypal personality dis-
order (10)), then there is evidence that these two dis-
orders shared familial etiologic factors, which in turn
might suggest a nosologic relationship. If the answer is
no, diagnostic independence would be favored.

These same questions can also be asked, with
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greater conceptual clarity, by twin or adoption de-
signs that can isolate genetic from familial-environ-
mental effects. Twin studies—which assess all ge-
netic effects together at the aggregate level—have
in particular proven useful in determining the over-
all genetic relationship between different disorders,
quantified in the statistic termed the genetic corre-
lation. For example, the genetic correlation is very
high for major depression and generalized anxiety
disorder (11) but lower for major depression and
animal phobia (12) and alcohol dependence and
pathological gambling (13).

Although such results can 7nform nosologists’ de-
cisions, they cannot, in and of themselves, answer
the fundamental nosologic questions. This is true
for at least two reasons. First, taking twin studies as
an example, these studies alone cannot address the
issue how high a genetic correlation has to be to
consider two syndromes to be subtypes of a single
disorder or how low a genetic correlation has to be
to consider the two syndromes to be independent
diagnostic entities. Second, such studies alone can-
not answer questions such as What should nosolo-
gists do if two disorders have closely related genetic
risk factors but distinct environmental risk factors
or are genetically distinct but respond to the same
kinds of treatment? and Should genetic risk factors
be given highest priority in such nosologic deci-
sions? Such questions cannot be addressed by
purely empirical means but require judgments
about the relative importance, in a particular noso-
logic decision, of different potential validators (14).

However, family, twin, and adoption studies are
now not the only approach in psychiatric genetics
that can be applied to diagnostic conundrums.
Linkage and association studies can provide infor-
mation, respectively, about whether genomic re-
gions or specific genes influence risk for more than
one disorder. Will these newer methods prove of
greater value to the psychiatric nosologist? Might it
be possible that just as molecular genetics has been
used in biology to help define species, it might be
similarly used to define psychiatric disorders?

As an example of this approach, Berrettini (15)
reviewed evidence from linkage studies suggesting
regions with linkage to both schizophrenia and bi-
polar illness. He wrote:

Review of these data indicates that there are five
genomic regions that may represent shared genetic sus-
ceptibility of BPD [bipolar disorder] and SZ [schizo-
phrenia]. As the genes underlying these confirmed link-
ages are identified, the current nosology must be
changed to reflect the new knowledge concerning the

shared etiologies of BPD and SZ.
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There are at least two potential caveats to these
claims:

1) different genes under the same linkage peak
could influence liability to schizophrenia and
bipolar illness, and

2) these regions of “joint” linkage might arise by
chance, given the large number of chromo-
somal regions putatively linked to each dis-
order. However, some evidence, which is still
quite preliminary, has suggested that indi-
vidual candidate genes may be associated
with both schizophrenia and bipolar illness
(e.g., sce references 16-18). In one such
study, using a modest sample size, Hodgkin-
son et al. (16) found several alleles at single-
nucleotide polymorphisms in the DISCI
gene that were significantly associated with
schizophrenia (with odds ratios of 1.2 to 1.3)
and other alleles in the same gene that were
significantly associated with bipolar illness
(with odds ratios varying from 1.1 to 1.2).
What impact should it have on our nosology
if one or more genes are shown definitively to
be associated with both schizophrenia and
bipolar illness?

The liability to multifactorial disorders such as
schizophrenia and bipolar illness are almost cer-
tainly influenced by a large number of genes (19,
20). For the sake of argument, assume that each of
these two disorders is influenced by variants at 20
different genes. What would it mean if verified
findings emerged that one, two, or even five suscep-
tibility genes were shared between these two disor-
ders? At what point should we alter our nosology on
the basis of such findings?

General medicine contains many examples of
distinct diagnostic categories that share genetic risk
factors. For example, genes that predispose an indi-
vidual to essential hypertension (21) will increase
the liability to hemorrhagic stroke, myocardial in-
farction, and hypertensive cardiomyopathy. Muta-
tions in the oncogene BRCAI increase risk for can-
cer of the breast, cervix, uterus, pancreas, fallopian
tube, stomach, colon, and prostate (22). Yet, this
evidence for “common genes” has not been used to
support changes in the classification of these disor-
ders.

Finding a small number of genes that influence
susceptibility to two multifactorial disorders is not
likely to provide definitive information for nosolo-
gists. Indeed, from a nosologic perspective, this in-
formation differs little from finding a modest ge-
netic correlation between two disorders in twin
studies.
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A different situation would emerge if, as we iden-
tify susceptibility genes, we found that all or nearly
all the genes that predisposed to disorder A also
predisposed to disorder B. Such a finding, which
would represent a confirmation at a biological level
of results from family studies (that is, high levels of
coaggregation) or twin studies (a high genetic cor-
relation), would provide further evidence that the
two disorders were closely related.

To illustrate a likely pattern of results that will
emerge for pairs of related psychiatric disorders, it is
informative to review what has been learned about
the genetic relationship between the two major
forms of inflammatory bowel disease—Crohn’s
disease and ulcerative colitis. Most, but not all,
family studies have indicated modest levels of coag-
gregation, with better evidence that rates of ulcer-
ative colitis are increased in relatives of Crohn’s
disease probands than vice versa (23,24). Twin
studies have suggested that both disorders are heri-
table. Monozygotic twin pairs where one twin has
Crohn’s disease and the other ulcerative colitis are,
however, rare (23). In a recent meta-analysis of 10
linkage studies of inflammatory bowel disease, sug-
gestive evidence for linkage was found in six regions
for Crohn’s disease and in only one region for ul-
cerative colitis (25). However, the single region of
tentative linkage for ulcerative colitis (2q) was one
of the six found for Crohn’s disease. Association
studies have shown that variants in the best repli-
cated susceptibility gene for Crohn’s disease
(CARD15) do not influence risk for ulcerative co-
litis (24). A high-risk haplotype identified in chro-
mosome 5q31-33 predisposed to risk for Crohn’s
disease but not ulcerative colitis. However, variants
in the human leukocyte antigen region have been
found that increase risk for both disorders (24).

What should a nosologist conclude from these
results about the relationship between Crohn’s dis-
ease and ulcerative colitis? Some genetic risk factors
are shared, and others appear distinct. Would this
pattern of results—which may be common for
moderately related complex syndromes in biomed-
icine—lead easily to a clear decision about the
nosologic relationship between the two disorders?
It seems unlikely that molecular genetics will bring
the same clarity to the classification of complex dis-
eases in medicine as it has for species in biology.

It is worth asking at this point whether we are at
risk for adopting too “gene-centered” a view of psy-
chiatry— of making too much nosologically of the
modest effect sizes we are finding for individual
genes. For example, severe sexual abuse in an epi-
demiologic sample of women increased the risk
both for major depression and for drug abuse with
odds ratios of 3.14 and 5.70, respectively (26). Al-

though these figures are much greater than that
seen in the studies showing association of the same
gene with schizophrenia and bipolar illness, such
findings have not lead to suggestions to modify our
nosology to reflect shared etiologies of depression
and substance abuse.

THE LIMITS OF
MENDELIAN / ESSENTIALIST MODELS FOR
PSYCHIATRIC DISORDERS

ADVOCACY FOR ESSENTIALIST GENE MODELS FOR
PSYCHIATRY

In a lecture on psychiatric genetics given by a
leading academic psychiatrist in 1987, the speaker
began by outlining the recently successful efforts at
identifying the genes underlying several Mendelian
disorders and then went on to say:

With the new advances in molecular genetics and link-
age analysis, by the time we get to DSM-V, we will be
diagnosing chromosome 4 schizophrenia, chromosome
14 schizophrenia, and chromosome 22 schizophrenia.
[His choice of particular chromosomes was illustrative
rather than data-based].

In expressing such optimism about the impact of
advances in psychiatric genetics on our diagnostic
system, this individual was also suggesting some-
thing more fundamental. In predicting that our di-
agnostic manual would contain subtypes of schizo-
phrenia identified by chromosomal location, he
was advocating an essentialist model in which ab-
normal genes would be the defining fearure of psy-
chiatric disorders. Such an essentialist perspective
assumes that psychiatric conditions are not man-
made constructions but rather represent real disor-
ders that exist out there in the world and can be
defined by their underlying nature (or essence)
(27).

The essentialist model of disease assumes that
diseases can be classified in the same manner that
atomic elements can be classified. Gold, silver, and
lead are all true and independent entities, each with
a unique essence—in this case defined by the num-
ber of protons in the nucleus.

Mendelian diseases are defined by the genes that
cause them. Just as discrete microorganisms cause
particular infectious diseases, so discrete genes
cause particular genetic diseases. Just as individual
types of bacteria or viruses are true entities in the
world, so genes could be seen as classic essentialist
categories, each with its own essence, roughly anal-
ogous to the atomic elements.
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Essentialist disease models are very attractive.
They are conceptually simple, appealing, and easy
to teach. They fit well into the traditional medical
model, thereby supporting the status of psychiatry
as a medical discipline. Further, if they are linked to
biological causes, they provide support for an or-
ganic disease model where psychiatric disorders are
understood as resulting from pathological processes
in the brain. They appear legitimate to third-party
payers who can accept them as “real” diseases.

Indeed, the claim that the two great historical
success stories in our field—general paresis of the
insane and pellagra—are essentialist diseases rests
on their both resulting from highly discrete causes:
Treponema pallidum and vitamin B deficiency, re-
spectively. In the adjoining discipline of neuropsy-
chiatry, in the last 15 years, the essentialist disease
status of a series of disorders has been legitimized by
the localization and subsequent identification of
the genes that caused them, including Hunting-
ton’s chorea, early-onset Alzheimer’s disease, and
Wilson’s disease. No wonder some in psychiatry
were suffering from “gene envy,” which expressed
itself in their advocating what could be called an
essentialist gene model (EGM) for psychiatric disor-
ders.

EARLY EVIDENCE ON THE PLAUSIBILITY OF
ESSENTIALIST GENE MODELS FOR PSYCHIATRY

Although appealing, is the EGM, as exempli-
fied by Mendelian diseases, applicable to psychi-
atric disorders? Back in 1987, things already did
not look good for this model, which depends
critically on the etiologic link between gene and
illness being so strong that the essence of the
disorder is explicable by a disruption of gene
function (28). Nothing in the twin, family, and
adoption studies of psychiatric disorders sug-
gested that they were nearly as genetically simple
as Mendelian disorders. Despite much searching,
no well-validated pedigrees had been found
where a major psychiatric disorder is transmitted
through generations as a classical Mendelian
trait. The risk of illness in relatives of ill patients
never resembled those expected from the simple
laws of Mendel. Since 1987, further information
on four fronts has all suggested the inapplicabil-
ity of the EGM for psychiatric disorders. First,
several high-profile linkage results in bipolar ill-
ness and schizophrenia (29-31) that were in part
predicated on Mendelian models of illness could
not be replicated. Second, many linkage studies
were performed for schizophrenia and bipolar
illness, and no replicated evidence was found for
genes with a Mendelian-like effect. Instead, it
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appears that these disorders are the result of at
least a moderate number of genes that individu-
ally have small to modest effects on disease lia-
bility (19,20). Third, supportive of the prelimi-
nary findings in psychiatry, work in model
organisms demonstrated that genetic influences
on the vast majority of behavioral traits were the
result of many genes, each of a modest effect size
(32,33). Fourth, animal studies consistently
showed that, in model organisms, genes that in-
fluence behavior typically impact on multiple
phenotypes (32). This phenomenon, termed
pleiotropy, is inconsistent with one central fea-
ture of the EGM—the existence of a one-to-one
relationship between gene and disorder (like the
one-to-one relationship in the periodic table be-
tween the number of protons in the nucleus and
other characteristics of the element). Pleiotropy
may be so widespread because it reflects the fun-
damentally opportunistic nature of evolution

(34).

THE LIMITS OF GENE DISCOVERY FOR
PSYCHIATRIC NOSOLOGY, OR “ONCE
WE FIND THE GENES. . .”

At a conference in 2004, the following conversa-
tion between two psychiatric genetics researchers
was overheard:

Researcher 1: Part of what has made advances in
our field so difficult is the probable heterogeneity of
the disorders that we study. It is hard to believe that
schizophrenia, alcoholism, or depression are really
one disorder. But our clinical tools have not been
very successful at pulling these disorders apart into
purer, more etiologically homogeneous entities.

Researcher 2: Yes, I agree completely. But once
we find the genes for these disorders, then things
will start to change. We will finally be able to pro-
vide a firm scientific foundation for psychiatric di-
agnoses. We can stop having these endless debates
and be able to solve all these problems once and for
all.

By 2004, it had become clear to everyone in the
field that no “Mendelian-like” genes for psychi-
atric disorders were likely to be found. Nonethe-
less, there is continued hope that advances in
psychiatric genetics and particularly the identifi-
cation of individual susceptibility genes will al-
ter, in fundamental ways, our approach to psy-
chiatric diagnosis. If we are able to find a “gene
for” a particular psychiatric disorder, then we can
work our way back up and—as predicted by the
EGM—ground our diagnostic category on the
firm foundation of a gene.
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CATEGORICAL GENE MODELS AND THE PROBLEM
OF SMALL EFFECT SIZE

One of the hopes expressed by these researchers is
that new discoveries in psychiatric genetics will per-
mit us to define the boundaries of psychiatric syn-
dromes. They have expressed a second implicit ex-
pectation for the nosologic impact of psychiatric
genetics research—that it will support categorical
definitions of illness. A categorical view of psychi-
atric illness—that these disorders are discrete enti-
ties with distinct boundaries—can be contrasted
with the perspective that these disorders are patho-
logical ends of functional continua.

Advocates of a categorical perspective on psychi-
atric disorders suggest that they are discrete entities
that are similar to biological species, such as whales
and cows, or to man-made objects such as shirts and
pants. Such entities have distinct boundaries. It is
clear what is inside and what is outside. With cate-
gorical entities, the task of the nosologist becomes
finding these boundaries or, as is oft said, “carving
nature at its joints.”

Classical Mendelian disorders appear to be such
categories. Clinically, these diseases appear to be
discrete. In families with multiple affected individ-
uals, there are typically no “spectrum” cases; indi-
viduals are either affected or unaffected. Perhaps
genetic discoveries would uncover such clear forms
of psychiatric illness.

Categorical models of disease, by definition, re-
quire discrete boundaries or what has been termed
“points of rarity.” For genes to be useful in defining
categorical disease entities, the etiologic effect of the
gene must be large enough that it produces such a
“point of rarity” between those who possess and
those who lack the disease gene (35). Classically,
this would be represented as bimodality in a distri-
bution of liability—the joint that is to be carved.
To successfully ground a categorical diagnostic sys-
tem in pathogenic genes, the genes need to affect
liability strongly enough that their impact is detect-
able above the background effect of other risk fac-
tors.

As reviewed earlier, prior evidence from linkage
studies of psychiatric disorders and animal behavior
genetics do not provide encouraging news for the
EGM. The effect sizes of genes found in these stud-
ies have typically been small. In the last decade,
individual susceptibility genes have been tentatively
identified for psychiatric disorders. Therefore, we
can examine the magnitude of their effect more
directly. A review of positive meta-analyses of func-
tional candidate genes for psychiatric disorders
found odds ratios ranging from 1.07 to 1.57, with a
median of ~1.30 (36). (An odds ratio is the risk for

a disorder given the presence of a risk factor—here
a particular gene—divided by the risk for that dis-
order in the absence of exposure to the risk factor.)
In schizophrenia, replicated evidence is now emerg-
ing for several genes that have been localized under
linkage peaks (37), in particular dysbindin 1 and
neuregulin 1. A recent review of dysbindin studies
suggested that the odds ratio of variants in the gene
and risk for schizophrenia average around 1.50
(38). For neuregulin 1, two recent replications re-
ported odds ratios of 1.25 and 1.80 (37).

Figure 1 displays the liability distributions in a
putative sample of first-degree relatives of individ-
uals with schizophrenia, one-half of whom possess a
high-risk copy (more technically allele) of a gene for
schizophrenia. (The term “liability” here reflects
the individual’s level of risk for the illness, with risk
increasing as you move from left to right in each
panel in Figure 1.)

Using plausible parameters (see Figure 1 legend
for further details), we have varied the magnitude of
risk conveyed by the gene to produce odds ratios for
the relationship between the high-risk allele and
schizophrenia of 1.5, 5, and 10 in Figure 1 panels
A, B, and C, respectively. Each panel presents four
different distributions of liabilicy. The dark blue
line reflects the liability distribution of relatives
without the high-risk allele. The purple line reflects
the liability distribution of relatives with the high-
risk allele. The turquoise line reflects the “refer-
ence” liability distribution that would be seen if
there were no individual genes of detectable effect
and only background genetic and environmental
variation that would be predicted to take the shape
of a normal distribution. The orange line, which is
the most important one, reflects the liability distri-
bution of the population of all relatives and is sim-
ply the sum of the blue and purple line. In addition,
the green line represents the cutoff point for illness.
Individuals with liability above that threshold will
develop illness.

The thought experiment we are here conducting
is as follows: If we could measure liability directly in
these relatives (although we would not know their
individual genotype), could we cut cleanly (at na-
ture’s joint) between those at high risk (depicted by
the purple line) and those at low risk (depicted by
the blue line)? That is, in the total population dis-
tribution (depicted by the orange line), do we see a
clear point of rarity separating the two groups? For
a gene with an odds ratio of 1.5 (Figure 1, panel A),
there is virtually no deviation in the population
distribution from that predicted by a single normal
distribution. Even with odds ratios of 5 or 10 (Fig-
ure 1, panels B and C, respectively), all that is ob-
served is a slight flattening of the distribution with
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no evidence for a point of rarity at which to divide
those carrying and not carrying the high-risk allele.

Effect sizes are the range of those seen with genes
that impact on risk for psychiatric disorder are too
small to produce, on their own, syndromes with
discrete boundaries.

LIMITS IN THE CONCEPT OF “/THE
GENE”’ AS A TOOL IN PSYCHIATRIC
NOSOLOGY

CRACKS IN THE ESSENTIALIST IMAGE OF
MENDELIAN DISORDERS

While psychiatric genetics has sought to under-
stand how genes contribute to psychiatric illness,
cracks have appeared in the essentialist image of
Mendelian genetic disorders. Examples have
emerged that challenge a central feature of the gene-
based essentialist disease model: the one-to-one re-
lationship between gene and disease. Numerous in-
stances have been found of mutations in different
genes that all cause the same disease or similar dis-
eases. Researchers have identified more than 60
chromosomal regions that lead to Mendelian forms
of nonsyndromic hereditary deafness (where deaf-
ness is the only symptom) (39). At least 14 genes
that produce chronic progressive hereditary ataxia
have been identified (40). Three distinct genes pro-
duce Mendelian forms of early-onset Alzheimer’s
disease (41). Many Mendelian human diseases arise
from dysfunction in complex biological pathways
that involve products from numerous distinct
genes. Abnormalities in different genes in these
pathways are likely to produce similar diseases.

Furthermore, mutations in the same disease gene
can produce distinct phenotypes. Cystic fibrosis re-
sults from dysfunction in the ¢ystic fibrosis trans-
membrane conductance regulator. However, in addi-
tion to leading to classic cystic fibrosis, mutations in
the this gene can solely cause congenital bilateral
absence of the vas deferens, isolated idiopathic
chronic pancreatitis, mild late-onset pulmonary
disease, sinusitis, allergic bronchopulmonary as-
pergillosis, and possibly asthma (42). Dysbindin
has been associated with schizophrenia in more
than 10 independent samples (38,43). However,
mutations in this gene also cause Hermansky-Pud-
lak syndrome type 7, which is characterized by
symptoms— oculocutaneous albinism, prolonged
bleeding, and pulmonary fibrosis—that are appar-
ently unrelated to those of schizophrenia (44). Mu-
tations in ftbroblast growth factor receptor 3 produce
a range of skeletal dysplasias with quite distinct
phenotypes (45).
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Figure 1. Liability Distributions in a Putative
Sample of First-Degree Relatives of
Individuals With Schizophrenia®
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@The following plausible parameters are assumed in the putative sample of first-
degree relatives of individuals with schizophrenia: 10% of individuals have schizo-
phrenia (a proportion consistent with the results of empirical studies), and a single
dominant gene is present with a frequency of 0.29, so that 50% of the sample car-
ries one or two copies of the high-risk allele. This symmetry allows a clear depic-
tion of the impact of being a gene carrier on the distribution of liability. Panels A, B,
and C depict these two liability distributions assuming that, in this sample, the odds
ratio for the relationship between the high-risk allele and illness is 1.5, 5, and 10,
respectively. Each panel presents four different distributions of liability. The dark
blue line reflects the liability distribution of relatives without the high-risk allele. The
purple line reflects the liability distribution of relatives with the high-risk allele. The tur-
quoise line reflects the “reference” liability distribution that would be seen if there were
no individual genes of detectable effect and only background genetic and environmental
variation that would be predicted to take the shape of a normal distribution. The orange
line, which is the most important one, reflects the liability distribution of all relatives and
is simply the sum of the blue and purple line. The green line represents the z score
cutoff for illness. Individuals with liability above that threshold will develop illness. The
differences (in SD units) between the mean of the two curves depicted with the dark
blue and purple lines (that is, between relatives with and without the high-risk allele)
(the “d” statistic) are, respectively, 0.21, 0.80, and 1.11 for panels A, B, and C.

Even within medical genetics, essential disease

models based on “the pathogenic gene” have be-
come more difficult to sustain as evidence has
mounted that different genes can cause the same
disorder and abnormalities in one gene can cause
different disorders.
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CRACKS IN THE ESSENTIALIST IMAGE
OF THE GENE

Few concepts in biology have generated as much
controversy as the nature of “the gene” (46—48).
Debates have focused on the validity of several dif-
ferent conceptualizations, including 1) a statistical
definition as seen in population genetics or genetic
epidemiology, 2) a latent “unit” controlling pheno-
typic inheritance as conceptualized by Mendel and
Morgan, 3) the template for production of a unique
protein, and 4) a discrete physical entity that is a
specific piece of DNA with a particular chromo-
somal location. When psychiatrists think about
grounding their essentialist diagnostic concepts on
the firm foundation of genes, they focus on the third
and fourth definitions—a specific “hunk” of DNA
with a discrete biological function. We see the gene as
a clear “natural kind”—a material entity that exists as
areal, discrete unitin the world. In basing our “messy”
diagnostic concepts on this natural kind—the
gene—we hope that nosologic clarity will follow.

However, advances in molecular biology have
undermined these simple definitions of the gene.
The “one gene=one enzyme” hypothesis has been
falsified. In the human genome, 75% of multiexon
human genes are alternatively spliced with approx-
imately 3.5 alternative forms of each gene (49).
Neuregulin 1, one of the best supported suscepti-
bility genes for schizophrenia, produces at least 15
distinct protein products (50). That is, with alter-
native splicing, the same gene, defined at the level
of nucleotide sequence, produces different mRNA
transcripts, which are in turn transcribed into dif-
ferent proteins. (So each transcript produces a
unique protein, but one gene produces multiple
transcripts.) If a multiply spliced gene contains a
variant sequence in one of its alternately spliced
exons, that variant will be present in some but not
other proteins produced from the gene.

Many of these alternatively spliced genes have
multiple promoters, with the result that different
protein variants of a single gene are expressed at
distinct times in different tissues. For example, the
gene a-tropomyosin in the rat produces seven dis-
tinct proteins, two of which are expressed in stri-
ated muscle and one each in smooth muscle, myo-
blasts, fibroblasts, brain, and hepatomas (48).

The functional boundaries of the “gene” concept
have been blurred by a phenomenon termed “gene
sharing” whereby the same gene product serves dra-
matically different biological functions. For exam-
ple, Piatigorsky (51) has documented instances in
which several metabolic enzymes have been “re-
cruited” to also function as crystallins in the verte-
brate lens.

A further uncertainty in the function of “the
gene” arises from RNA editing—the posttranscrip-
tional alteration of RNA sequence from that en-
coded in DNA (52). In some cases, such editing
alters the structure of the expressed protein.

The physical boundaries of a “gene” are also be-
coming blurred. Key to the functioning of classic
protein-transcribing genes is a series of control re-
gions that influence the rate of transcription. Al-
though such regions—termed promoters—exist
immediately upstream of the coding region, re-
searchers have found other control regions (en-
hancers and repressors) that are up to a million base
pairs upstream or downstream and sometimes even
in the introns of neighboring genes of unrelated
function (53).

New variants of noncoding (nc) RNA have been
discovered that further obscure the boundaries of
what is meant by a “gene” (54). These ncRNAs can
be classified into two broad groups: housekeeping
ncRNAs and regulatory ncRNAs. Housekeeping
ncRNAs are involved in RNA splicing and transla-
tion. Regulatory ncRNAs, including short interfer-
ing (si) RNA, can play an important role in gene
expression through both transcriptional and post-
transcriptional mechanisms as well as through al-
teration of higher-order chromatin structure.

Advances in our knowledge have indicated that
the concept of the “gene” as an essentialist biologi-
cal entity with an unambiguous nature and clean
boundaries is unsustainable. Genes are not discrete
entities like atoms of gold and silver. They are dy-
namic parts of biological systems of immense com-
plexity. The discovery of specific genes that are in-
volved in the etiology of psychopathology will not
likely prove to be the basis on which to build an
essentialist and categorical model of psychiatric
diagnosis.

CONCLUSIONS

Contrary to the widely cited work of Robins and
Guze (2), the familial aggregation of a single puta-
tive psychiatric syndrome provides at best quite
limited evidence for the validity of that syndrome.
Psychiatric genetics can supply useful information
about the etiologic relationship between two disor-
ders, although how that information is used in
nosologic decisions (for example how it would be
evaluated, compared to information on environ-
mental risks or pharmacologic response) is outside
of a strictly scientific domain. Whether molecular
genetics will provide greater insights into our major
diagnostic conundrums than has been obtained by
more traditional genetic methods is far from cer-
tain. Evidence that one or a small number of indi-
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vidual genes or genomic regions impact on risk for
two disorders is not likely to be nosologically defin-
itive. Although essentialist gene models for psychi-
atric disorders are conceptually appealing, they are
not well supported by available data. Indeed, such
models may not apply even to more traditional
Mendelian disorders. The hope that we will be able
to develop categorical psychiatric diagnoses (i.e.,
“carving nature at its joints”) solely as a result of
gene discovery is implausible; the genes found to
date for psychiatric illness have far too small an
effect size. (However, as has proven to be the case in
Alzheimer’s disease (41), it is possible that multiple
genes will together point to a particular pathophys-
iological pathway that may have more explanatory
power than the individual genes themselves). The
project to ground our messy psychiatric categories
in genes—as an archetypal natural kind—may be
in fundamental trouble as advancing research sug-
gests that the very concept of “the gene” as a discrete
entity is itself more and more in doubt.
Psychiatric genetics has in the past and likely will
continue in the future to provide important in-
sights into the etiology of psychiatric and substance
use disorders. These developments—particularly
those involving molecular genetics—have, how-
ever, raised expectations that such advances will
also produce major breakthroughs in psychiatric
nosology. In this essay, I have reviewed these claims
and have come to a largely skeptical conclusion.
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