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Professor Tim Crow’s impassioned review (Crow,

2008) addresses the question at the heart of schizo-

phrenia (Scz) genetics : a decade into the genomic era

and after at least 28 genome-wide linkage studies

(Konneker et al. in press), y1300 association studies

of y700 candidate genes (Allen et al. in press), and

three published genome-wide association studies

(GWAS) (Lencz et al. 2007, Shifman et al. 2008,

Sullivan et al. 2008), what do we truly know about

the genetics of Scz?

The initial portion of Crow’s review is reasonable,

but the latter portion is premature. As GWAS data

for y12 000 subjects with Scz and y14 000 controls

will become available for meta-analysis by the end of

2008, it is far preferable for these data to be inter-

preted within a logical and systematic framework

[Psychiatric GWAS Consortium (PGC), in press]. It is

crucial that this passionately debated area regains an

element of dispassionate logic instead of serving as a

projective canvas for belief, pet theories, and musings

about the nature of Scz. In effect, the GWAS dice are

rolling and dice are famously disinterested in the co-

gitations of punters.

I agree with Crow that the current short answer

about what we know for certain about the genetics of

Scz is ‘not much’. (I would take exception with some

of Crow’s scholarship – some reviews cited as ex-

amples of hype are more balanced and careful

than indicated.) At present, based on published data,

there are no genomic regions implicated by linkage

or association with clean, clear, and cogent repli-

cation evidence for Scz (particularly when negative

results for 14 prominent Scz candidate genes are

included) (Sanders et al. 2008). The only sure way to

make the existing Scz association results consistent

across studies is to invoke more complex models of

disease. It is possible that empirical evidence will

eventually demonstrate that such models are operat-

ive for Scz. However, these more complex models are

hardly parsimonious and are inconsistent with over

100 findings in human complex trait genetics where

simple models were confirmed. The possibility that

all reported associations for Scz are false has not been

excluded.

I agree with Crow the evidential standard used by

many in the field of Scz genetics is inadequate : the

all-too-common use of lax standards of evidence has

led to confusion rather than clarity. A standard for

‘replication’ has been defined for association studies

(Chanock et al. 2007, Box 3) and appears to be widely

used in human genetics. The poster child for repli-

cation in human genetics is the FTO–body mass in-

dex association in which replication was reported in

13 cohorts with 38 759 participants, all in the same

paper (Frayling et al. 2007). Obviously, the standard

for replication in Scz genetics should conform to that

used in human genetics. The definition of replication

in human genetic association studies (Chanock et al.

2007) is akin to the definition of guilt in a criminal

trial in US jurisprudence (‘proof beyond a reasonable

doubt ’, PBARD). The definition often applied in psy-

chiatric genetics (and by some of the reviewers Crow

pillories) is lesser, and akin that used in a civil case

(‘preponderance of evidence’, POE). This distinction

resolves the ‘OJ Paradox’ – the US gridiron star

Orenthal James Simpson was found not guilty of the

murder of his wife and her lover but liable for

wrongful death because the POE standard was met

but not PBARD.

Researchers who apply POE-like standards of evi-

dence often have the best of intentions. The rationale

usually has two components : (a) due to inadequate

sample sizes, signals that do not quite meet a

PBARD-like standard must be taken seriously

* Address for correspondence : P. F. Sullivan, M.D., FRANZCP,

Department of Genetics, CB#7264, 4109D Neurosciences Research

Building, University of North Carolina, Chapel Hill, NC,

27599-7264, USA.

(Email : pfsulliv@med.unc.edu)

Psychological Medicine (2008), 38, 1693–1696. f 2008 Cambridge University Press
doi:10.1017/S003329170800367X Printed in the United Kingdom

COMMENTARY

https://doi.org/10.1017/S003329170800367X Published online by Cambridge University Press

https://doi.org/10.1017/S003329170800367X


to avoid erroneous rejection of true positive signals,

or (b) the informal Bayesian argument that signals

that do not meet a PBARD-like standard but which

have a priori evidence of involvement in Scz (e.g.

via neuroscience or molecular biology) should be

elevated in importance. A straightforward simulation

study has highlighted the perils of these strategies

(Sullivan, 2007). For Scz genetics to move forward,

genomic regions associated with Scz must be ‘con-

victed’ at a PBARD-like level of evidence. Use of

POE-like standards simply has not worked. For ex-

ample, the initial descriptions of the associations of

DTNBP1 (Straub et al. 2002) and NRG1 (Stefansson

et al. 2002) with Scz were published 6 years ago –

it is highly disappointing that neither association has

been compellingly proven or disproved and that

belief-influenced arguments are required rather than

reliance on empirical data.

Two of Crow’s conclusions are unquestionably

premature. First, based on a small number of talks

given at the World Congress of Psychiatric Genetics

meeting in October 2007, Crow appears to conclude

that GWAS has not and will not work for Scz. This

conclusion is difficult to understand given that

GWAS have yielded over 100 confirmed findings in

cardiology, endocrinology, gastroenterology, hepa-

tology, infectious disease, oncology, ophthalmology,

neurology, pulmonology, and rheumatology (usually

at PBARD-like levels of evidence). GWAS unques-

tionably can identify confirmed associations for human

complex traits ; the question is will GWAS ‘work’ for

psychiatry.

The disease that arguably has benefited most in

the GWAS era is type 2 diabetes mellitus (T2DM)

where there are now around 15 confirmed associ-

ations (up from three such associations in 2006).

Two of the initial T2DM GWAS were completely

unremarkable (Saxena et al. 2007 ; Scott et al. 2007),

and only with meta-analysis did numerous positive

findings emerge (indeed, multiple associations that

ultimately replicated well were not in the top 1000

signals in the initial study) (Frayling, 2007). Crow’s

conclusion is premature until meta-analyses have

been done.

The PGC was formed in early 2007 to conduct

GWAS meta-analyses and now has 101 investigators

from 48 institutions in 11 countries. There are 47

GWAS samples that, taken together, constitute the

largest biological experiment ever conducted in psy-

chiatry – over 80 000 subjects (59 000 independent

cases/controls and over 7700 family trios), y50 0000

SNP genotypes per subject, and y40 billion total

genotypes. The overall philosophy of the PGC is to

be as inclusive, democratic, and rapid as possible.

The PGC is well underway with a coordinating

committee, five disease working groups, a cross-

disorder group, a statistical analysis and computation

group, and a cluster computer for data warehousing

and statistical analysis. There are two main specific

aims: (1) to conduct within-disorder meta-analyses

(i.e. separately on all available GWAS data for

ADHD, autism, bipolar disorder, major depressive

disorder, and Scz) to attempt to identify convincing

genotype–phenotype associations, and (2) to conduct

cross-disorder analyses to identify genetic associ-

ations that cut across the clinically derived DSM/ICD

disease boundaries. The analytical plans conform to

current best practices for GWAS quality control and

meta-analysis, particularly in attention to sources of

heterogeneity. Statistical power will be superior to

any prior study in psychiatric genetics. Results will

be made available as soon as possible, probably in

late 2008 or early 2009 (http://pgc.unc.edu).

Second, Crow uses his impression of the ‘ failure’

of Scz GWAS efforts as supporting a theory of an

epigenetic basis for Scz. This conclusion is doubly

premature as there are multiple genetic models that

might be operative should a polygenic model be rig-

orously shown not to apply to Scz. Ironically, an epi-

genetic hypothesis for Scz may be difficult to falsify

due to technical limitations in assessing epigenetic

marks on a genomic scale and because of the plaus-

ible requirement for inaccessible tissue (i.e. discrete

portions of the brain) sampled at critical develop-

mental periods well before a psychotic prodrome be-

comes evident clinically.

As articulated more fully elsewhere (PGC, in

press), debates about the ‘success ’ or ‘ failure ’ of

GWAS for Scz miss the point. Indeed, the PGC is an

exceptional opportunity in the history of psychiatry.

No matter what the findings, we should uncover

some certainties about the genetic architecture of

Scz. Formulated differently, the massive efforts that

comprise the PGC are a large-scale test of an over-

arching ‘meta-hypothesis ’ about the etiology of the

most important psychiatric disorders. This latter

point is exceptional – both positive and negative re-

sults will enable us to learn hard facts about ADHD,

autism, bipolar disorder, major depressive disorder,

and Scz.

The potential outcomes of PGC meta-analyses for

Scz can logically be viewed as a set of sequential hy-

potheses. (1) It is possible that GWAS meta-analysis

for Scz identifies a genomic region that is strongly

significant after careful consideration of technical ar-

tifacts and correction for multiple comparisons. This

would constitute an historical advance, and it is diffi-

cult to over-emphasize how important such a land-

mark would be to patients, families, clinicians, and

researchers. As GWAS power is optimal under a
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polygenic model, it is most likely that any such ident-

ified variant would be relatively common and confer

modest risk. (2) It is possible that rarer copy number

variants of strong effect could be identified; indeed,

there are some early data that these may be the first

fruits of the GWAS era for psychiatric genetics

(Walsh et al. 2008 ; Weiss et al. 2008). These first two

options are not mutually exclusive. (3) If no re-

plicated associations are found, the available sample

sizes may be too small – a true genetic effect may be

present but statistical power is insufficient. Efforts to

efficiently obtain considerably larger samples for Scz

are underway as there currently are too few Scz

samples in the world. (4) Assumptions that Scz is

a distinct disease and that clinical heterogeneity is ig-

norable may be incorrect, and careful cross-disorder

analyses could prove informative (as are planned in

the PGC). (5) A polygenic model may be correct for

Scz, but the salient regions of the genome may not be

adequately covered in a GWAS. For example, after

quality control, one GWAS had no genetic markers in

several key genes important in dopaminergic neuro-

transmission (DRD1, DRD4, and TH) (Sullivan et al.

2008). More complete coverage requires the next

generation of GWAS platforms. (6) Genetic variation

might function solely via a more complex genetic

model – higher order interactions (e.g. gene–gene

or gene–environment interactions) instead of main

effects. Explicitly modeling interactions might prove

informative. (7) As Crow believes, a polygenic model

might be incorrect for Scz and there might be a

large number of different but individually rare risk

variants each with strong effect. The next generation

of genomic technology (individual genome sequenc-

ing) might be needed to resolve this model. (8)

Finally, GWAS tests the simplest conceivable model

of how a genetic variant might cause a phenotype

like Scz. Alternative models are certainly possible –

these include the epigenetic model favored by

Crow and perhaps even mechanisms not yet de-

scribed.

It is possible that Crow’s assessment of the dire

state of Scz genetics is correct. However, elements

of his argument have not been rigorously evaluated.

It is sensible to thoroughly test and reject simple

models before moving to more complex possibilities.

Within the year, a massive bolus of data should be

available for GWAS meta-analysis. Evidence from

these meta-analyses could transform the field or add

more modestly to our knowledge base about Scz.

Either way, we will learn.
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