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1. The causes of psychoses are unknown

Schizophrenia and bipolar affective human disorders are 

common human psychiatric diseases, each affecting about 

1% of the population worldwide. Schizophrenia patients 

experience imaginary voices and visions, disorganized 

thought, and delusions. Bipolar or manic-depressive 

disorder causes periods of profound depression alternating 

with periods of excessively elevated mood swings called 

mania. Both disorders are thought to be mental disorders 

with overlapping symptoms and with common causes. 

The causes remain undefi ned despite decades of extensive 

research. 

Recently published reviews summarized a lack of 

progress in identifying psychosis-causing gene mutations 

(Abbot 2008; Manolio et al. 2009). Manolio et al. (2009) 

reviewed the results of several hundred genome-wide 

association studies of so-called “complex diseases,” and a 

large number of them concern schizophrenia and bipolar 

disorders. Numerous families and twin studies have been 

interpreted to indicate a genetic aetiology, but for psychoses 

the precise mode of inheritance has not conformed to the 

Mendelian genetics model. The molecular association 

studies have suggested numerous potential susceptibility 

loci spread over many human chromosomes, but studies 

investigating different affected families have failed to 

identify the relevant genes, even when data from multiple 

studies are pooled together (Lewis et al. 2003; Segurado et 

al. 2003). 

Despite the clear lack of success in gene identifi cation, 

the consensus is that a large number of genes with small 

effects, combined with environmental factors, is responsible 

for the disease aetiology. Such a description is routinely 

used to defi ne complex diseases, but this consensus lacks 

experimental support for psychoses. The term “complex” 

implies common multifactorial traits; however, their causes 

remain unknown. As the conventional approaches of 

identifying disease-causing genes have failed, questioning 

basic assumptions of the fi eld is justifi ed, and if possible, 

a new paradigm for guiding psychoses studies should be 

contemplated. 

2. Chromosome 11 translocations implicated in the 

disease

Is there another way to explain the aetiology of psychoses? 

Lacking identifi cation of gene(s), what is the best evidence, 

if any, supporting a genetic aetiology? By far the most 

convincing evidence is that of chromosome (Chr.) 1;11 

balanced translocation (fi gure 1). This translocation was 

proposed by workers in the fi eld to implicate DISC1 and 
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2 (disrupted in schizophrenia) genes of Chr. 1 that lie at 

the translocation breakpoint (Evans et al. 2001). A major 

diffi culty with the DISC genes proposition is that the DISC 

region did not show up in numerous other screens for 

psychosis genes. So, how can translocation cause disease? 

Likewise, two other translocations of Chr. 11, one with 

Chr. 6 and another with Chr. 9, cause disease in about one-

half of heterozygous translocation carriers (fi gure1). The 

Figure 1. The SSIS model predicts 50% psychoses disease incidence in heterozygous Chr. 11 translocation carriers. The model is 

proposed as a mechanism for brain hemispheric laterality specifi cation by Chr. 11 sister chromatids differentiation, through 

epigenetics, and their selective segregation, through centromeres, to affect an asymmetric cell division. Accordingly, the 

hypothetical brain-laterality determining DOH1 gene is expressed (“ON epiallele”) in the chromatid that inherits parental 

template, arbitrarily named “Watson” (W) strand defi ned by it’s 5`-3` orientation, while it remains epigenetically silenced 

(OFF epiallele) in the sister chromatid inheriting the complementary template “Crick” (C) strand. This occurs during division 

of a brain laterality-generating progenitor cell early during embryogenesis. Only the epiallelic constitution of daughter cells 

is presented. By theory, sister chromatids of translocation-containing chromosomes are randomly segregated. Thus, precisely 

one-half of the translocation heterozygote embryos will produce both epigenetically equivalent (ON/OFF) daughter cells, 

resulting in developing psychoses later in life. For simplicity, the DNA chains are drawn as strait lines. The parental Chr. 11 

W strands in the progenitor cell are coloured in green and parental C in red. The colour-coded arrows refl ect segregation of 

colour-matched-strand-containing chromatids, bearing indicated DOH1 epialleles, to specifi c daughter cells, one placed on 

the left and the other on the right side of the embryo.
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breakpoints in these translocations span about 40% of the 

long arm of Chr. 11; therefore, it is highly unlikely a single 

gene is disrupted by three unrelated translocations (Klar 

2004). How can the very distant translocation breakpoints 

be reconciled? Furthermore, why are only one-half of 

the heterozygous translocation carriers diseased in each 

family? Both schizophrenia and bipolar cases are found in 

translocation carrying families suggesting shared disease 

aetiology. 

3. An epigenetic, chromosomal hypothesis for brain 

hemispheric laterality development

An epigenetic hypothesis neatly explains the genetic 

behaviour of translocations. It proposes Somatic DNA 

Strand-specifi c epigenetic Imprinting to cause silencing 

of a hypothetical DOminant brain Hemisphere-specifying 

(DOH1) gene only in one of the two Chr. 11 sister chromatids 

on the basis of inheriting ‘Watson’ versus ‘Crick’ DNA 

template strand sequences, coupled with selective chromatid 

Segregation of epigenetically differentiated chromatids to 

specifi c daughter cells (the SSIS hypothesis, fi gure1) in the 

embryo. The theory was advanced as a general mechanism 

to produce asymmetric cell division by exploiting double 

helix structure of DNA (Watson and Crick 1953) and the 

strand-specifi c epigenetic gene regulation processes that 

might operate during specifi c cell division in embryogenesis. 

Accordingly, healthy brain hemispheric laterality 

development results from an asymmetric cell division 

specifi cally when initial hemispheric laterality of the brain is 

established in the embryo. By this hypothesis, translocation 

would cause random chromatid distribution of the Chr. 11 

arm because of its association to a centromere that usually 

promotes random sister centromeres distribution. This 

randomness would compromise brain laterality development 

in only one-half of translocation heterozygous individuals 

to cause disease (Klar 2004; Singh and Klar 2007). A 

breakpoint of one of the translocations did not disrupt any 

gene and the usual explanation proposed by workers is that 

the breakpoint might affect expression of a nearby gene 

by “position effect”. Also, there is a very low probability 

(approximately 0.000009) whereby three translocations 

would affect the same condition at random, with breaks 

located in the same chromosome arm at vastly different 

places. Translocations clearly implicate Chr. 11 for disease 

in these families but breakpoint regions in all cases have 

not been implicated in subsequent genetic screens. Overall, 

different translocations provide strong genetic evidence for 

psychoses aetiology and for the SSIS hypothesis. Novel 

interpretation should be emphasized here: disease develops 

because of mitotic genetics (“mitogenetics”; Klar 2008) 

chromatid segregation anomaly, but without any gene 

having been mutated in translocations. 

The SSIS theory was fi rst proposed as a mechanism 

for lateralization of visceral organs in the mouse (Klar 

1994). Supporting this idea, chromosome-specifi c selective 

chromatid segregation has been recently discovered in mouse 

cells (Armakolas and Klar 2006). Moreover, the Left-right 

dynein gene has been implicated in the selective chromatid 

segregation process (Armakolas and Klar 2007; Klar 2008). 

Consistent with the asymmetric cell division postulate 

of the SSIS model, the chiral blastomere arrangement of 

the embryo specifi cally at the 8-cell stage determines the 

direction of the snail’s left-right body asymmetry (Kuroda 

et al. 2009). In principle, asymmetric cell division might 

cause human brain hemispheric laterality specifi cation, and 

psychoses may result when brain hemispheric laterality 

development is compromised. 

4. Developmental noise proposed to cause disease

The new paradigm of the SSIS model does not necessarily 

mean that general cases of psychoses must also result from 

chromosome rearrangements. Most cases of psychoses are 

sporadic and, as stated above, are not associated with any 

known genetic cause(s). Since brain left/right hemispheric 

cognition specialization is partially associated with human 

right- versus left/ambidextrous hand-use preference 

and/or with clockwise versus anti-clockwise scalp hair-

whorl orientation, genetics controlling lateralization of 

these embryonic ectoderm layer-derived traits should be 

considered as the major psychoses predisposing factor (Klar 

2003, 2005; Schwarzburg 1927), but where only a fraction 

of such carriers develop disease. Because a vast majority of 

such genetically predisposed persons do not develop disease, 

gene(s) controlling handedness and/or hair-whorl orientation 

and psychoses traits will not have been identifi ed in screens 

for psychosis-correlated genes. Moreover, general cases of 

psychoses might also result from spontaneous and random 

somatic Chr. 11 recombination events or other genetic 

mechanisms that disrupt imprinting or the biased chromatid 

segregation processes postulated in the SSIS hypothesis. 

In other words, a normally operating “developmental 

noise” affecting brain laterality development might be the 

predominant root cause in general cases of psychoses.

5. Arguments concerning the prevailing research 

viewpoint

This new paradigm necessitates reconsideration of the two 

main arguments of the psychiatric genetics fi eld that have 

guided the prevailing paradigm of gene-fi nding studies: 

increased disease incidence runs in families, and when one 

monozygotic twin is diseased, up to 50% of co-twins are 

also affected (Manolio et al. 2009). Studying families with a 

high incidence of psychoses was initially well justifi ed since 



this approach has borne fruit for other complex diseases, 

such as diabetes, where mutations in multiple genes have 

been implicated (Manolio et al. 2009). However, having 

failed to implicate genes in families with a high incidence 

of psychoses, I suggest that the trait “running-in-families” is 

an invalid argument to be viewed presently as supportive of 

a genetic aetiology. 

Clearly, the entire fi eld fell prey to a circular argument 

of selection bias of researched families. Also, observations 

of monozygotic twins’ concordance/discordance do not 

necessarily implicate either genetic or environmental 

factors, because the biology of twinning might cause 

diseases in ways not applicable to single births. For instance, 

both in humans and amphibia, one member of a conjoined 

pair joined at the stomach develops inverted visceral 

organs in 50% of cases (Aw and Levin 2009). In contrast, 

in the general public only 1 in 10,000 humans develop this 

anomaly. Let us designate it as a “phenocopy-effect” and 

it might result from developmental errors caused by the 

embryo-splitting process occurring during twinning. For 

example, the Left-right dynein gene that controls visceral 

laterality arrangement in the mouse is silent in some cell 

types and expressed in others (Armakolas and Klar 2007). 

In principle, such developmentally regulated gene silencing 

might have already occurred for the gene before embryo 

splitting to cause random visceral laterality in one of the twin 

members. Similarly, the twinning process itself might cause 

a developmental disorder in brain laterality establishment. 

6. Conclusions and future research 

The prevailing approach of the fi eld consists of recruiting 

a much larger number of families and subjecting them to 

genome-wide association studies to identify genes with 

small effects. This approach continues to be an expensive 

endeavour. In light of not fi nding disease-causing 

mutations employing this approach following extremely 

extensive research conducted thus far, the basic tenets of 

the prevailing paradigm are questioned and a discussion is 

presented for an alternative theory in this perspective. It is 

argued here that most cases of psychoses are neither due to 

environmental stress, nor due to specifi c gene mutations. 

Rather, genetically predisposing factors and spontaneous 

events are proposed to interfere with functioning of the SSIS 

processes. Such developmental noise is proposed to interfere 

with brain laterality development to cause brain disorders. 

Similar developmental noise independently might affect our 

visceral organs’ laterality development, but such cases might 

be lost due to embryonic lethality (Klar 2008). On the other 

hand, brain laterality anomalies might not cause embryonic 

lethality, resulting in psychosis cases. Future studies should 

scrutinize this alternative hypothesis that posits strictly 

epigenetic gene regulation mechanisms for brain and 

visceral organs’ laterality development and for disease 

causation. Of note, defi ning disease cause is urgently needed 

before rational disease intervention can be envisaged. Last, 

potentially fulfi lling the wishes of Crow quoted above, the 

SSIS model builds on the double helix structure of DNA to 

provide us with a chromosome-based epigenetic mechanism 

for development. 
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