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Abstract Rare diseases are defined as conditions with a
prevalence of less than 1/2,000. To date between 6,000 and
7,000 rare diseases have been identified and many of those
have manifestations that include intellectual disability,
developmental disorders or other behavioural phenotypes.
In this special issue we bring together a range of papers
where rare diseases were used as models to delineate
specific aspects of learning and memory, or behaviour. In
this introductory paper we summarize some of the lessons
we can learn from rare diseases. Firstly, we learn that,
collectively, rare diseases are not at all rare. As many as 1
in 20 individuals may be affected by a rare disease at some
point in their life. Secondly, we learn that rare diseases may
share common pathophysiological mechanisms. A discov-
ery in one can therefore have direct relevance to many
others. A third lesson is that the study of rare diseases can
lead to an understanding of common disorders, as exem-
plified by the relationship between Trisomy 21 (Down
syndrome) and Alzheimer’s disease. A fourth lesson from
rare diseases is that the ‘one gene-one functional conse-
quence’ assumption is not correct. Finally, rare diseases
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This issue of Behavior Genetics focuses on rare genetic
diseases that affect brain and behaviour. Examples in the
issue include tuberous sclerosis (historically referred to as
‘Bourneville disease’ in Europe), chromosome 8p inverted
duplication-deletion syndrome, Trisomy 21 (Down syn-
drome), Noonan and LEOPARD syndromes (both associ-
ated with dysregulation of RAS/MAPK signaling),
Neurofibromatosis, Williams-Beuren and DiGeorge syn-
dromes. The common thread among these conditions is that
they are all classified as ‘rare diseases’, and have all
become heuristic models to decipher specific aspects of the
relationship between gene, brain and behaviour.

The majority of papers included here were presented at
the 12th International Research Symposium of the Society
for the Study of Behavioral Phenotype (SSBP) held in
Cambridge, UK in October 2009. Given the commonalities
in the goals of the SSBP (www.ssbp.org.uk) and of the
Behavior Genetics Association (BGA) (www.bga.org), we
proposed to assemble a collection of papers demonstrating
the interface of the two societies. We also invited sub-
missions from researchers who did not attend the Cam-
bridge meeting and were not members of either the SSBP
or the BGA. Needless to say, all papers were rigorously
peer-reviewed. In this introductory paper, we summarize
some of the lessons we might learn from rare genetic
disorders with regards to behavioral genetics.
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Rare diseases are collectively not rare

All the studies presented in this issue refer to rare diseases.
A ‘rare disease’ is defined either by its estimated preva-
lence or by the total number per population. Interestingly,
the definitions vary across the world. The USA Rare Dis-
eases Act (2002) defines a rare disease as one that affects
fewer than 200,000 USA citizens. This corresponds to a
prevalence rate of approximately 1/1,500. In Japan a dis-
ease is considered rare when it affects fewer than 50,000
individuals, corresponding to a lower prevalence of around
1/2,500. The European Union (EU) defines a disease as
rare when its prevalence does not reach more than 1/2,000.
The prevalence of many rare diseases is significantly lower
than 1/2,000 but there is general international consensus to
define a rare disease around a median prevalence rate of
172,000, even though this rate is not based on any actual
statistical or clinical criteria. Table 1 shows the prevalence
rates, as summarized by Orphanet (www.orpha.net), of the
rare diseases that are referred to in this special issue.

Some diseases, such as LEOPARD syndrome, are so
rare that it is not possible to calculate a prevalence rate—
for these conditions Orphanet lists the total number of
cases or families described in the literature to date. It is of
interest that the prevalence rate of a rare disease does not
necessarily correlate with how well it is known in the
general or scientific community. Cystic Fibrosis and Hun-
tington disease are, for instance, significantly better known
than tuberous sclerosis or Williams syndrome.

Table 1 The prevalence of genetic disorders referred to in this issue
as listed on Orphanet (www.orpha.net)

Disorder Estimated prevalence
(as listed on www.orpha.net) (/100,000)
Angelman syndrome 6.5
Coffin-Lowry syndrome 0.55
Cornelia de Lange syndrome 1.9

Cystic Fibrosis 12

Down syndrome (Trisomy 21) 50
Fragile-X syndrome 14.25
Huntington disease 5.9
Lesch-Nyhan syndrome 0.38
Neurofibromatosis type 1 25
Noonan syndrome 50
Phenylketonuria 4
Prader-Willi syndrome 10.7

Rett syndrome 4.15
Smith-Magenis syndrome 4
Tuberous sclerosis 8.8
Williams syndrome 133

Prevalence rates were calculated based on European statistics
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Even though these conditions are individually rare, the
total number of rare diseases is remarkably high. INSERM
and NIH epidemiological studies converge on an estima-
tion of 7,000 rare diseases, suggesting that as many as 1 in
20 patients (5%) around the world will be affected by a rare
disease. It is estimated that there are fifteen million patients
with one of the 7,000 known rare diseases living in the
USA alone.

Apart from the obvious public health burden of rare
diseases collectively, investigation of the psychiatric, psy-
chological and neuronal aspects of rare diseases has clearly
become important. We demonstrate here how brain and
behavioural studies of these diseases may generate heu-
ristic neurogenetic models to understand behaviour not
only of relevance to the so-called rare disease themselves,
but also to a much larger collective population.

Rare diseases may share common pathophysiological
mechanisms

On first inspection, research into the mechanisms of an
ever-increasing number of rare diseases might appear as
fruitless as the Greek legend of Sisyphus pushing his
boulder up a mountain for eternity. However, many rare
diseases share pathophysiological mechanisms and advan-
ces in the knowledge or treatment of one disease can
contribute to knowledge and treatment of other diseases.
This provides a powerful challenge to potential initial
pessimism. In this issue, we examine several rare diseases
that share pathophysiological mechanisms and we high-
light two examples of shared mechanisms in this intro-
ductory paper. The first is the set of diseases that share
dysregulation of an important signaling pathway, the PI3K-
mTOR pathway. The second example is of diseases that
share dysregulation of micro-RNAs (mi-RNAs). For a
glossary of terms used in this issue, see Table 2.
Tuberous sclerosis complex (TSC) illustrates the first
example. Since the initial identification of the 7SC/ and
TSC2 genes, mutations in which are responsible for the
disease, and the realization that hamartin (TSCI1) and
tuberin (TSC2) act as an intracellular complex in the PI3K-
mTOR (mammalian Target of Rapamycin) signaling
pathway, a number of other rare diseases have been shown
to lead to mTOR dysregulation. These include fragile X
syndrome, neurofibromatosis type 1 and the disorders
associated with MAPK dysregulation, such as Noonan and
LEOPARD syndromes. For instance, there is now evidence
that lack of FMRP leads to mTOR overactivation (Sharma
et al. 2010). The NF1 protein, neurofibromin, functions
as a Ras-GTPase activating protein via PI3K-AKT-
TSC2 and regulates mTOR. In NF1 deficient cells mTOR
is constitutively activated. On TSC2 there are direct
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Table 2 Glossary of terms used in this issue

AKT Protein kinase B; a serine/threonine kinase signaling between PI3K and TSC2; involved in insulin
signalling, cell proliferation, apoptosis

APP Amyloid beta (A4) precursor protein

APRT Adenine phosphoribosyltransferase; functionally related to HPRT both of which function
in the purine salvage pathway

ASD Autism spectrum disorder

BGA Behavior Genetics Association

DGCR8 diGeorge critical region 8 protein encoded by the DGCRS8 gene in humans; one of the ~40 genes involved
in 22q11 deletion syndrome (diGeorge syndrome)

DSCAM Down syndrome cell adhesion molecule (human protein); Dscam refers to its homologue in Drosophila

ERK1/2 Extracellular signal-regulated kinases; also referred to as MAPK3/2

FMRP Fragile X mental retardation protein; encoded by FMRI (fragile X mental retardation 1) gene

GTPase Large group of hydrolase enzymes that bind and hydrolyze guanosine triphosphate (GTP)

HPRT Hypoxanthine-guanine phosphoribosyltransferase; human enzyme that plays an important role
in the purine salvage pathway. Mutation in the HPRT! gene leads to Lesch-Nyhan syndrome

HSA Followed by a number, X or Y indicates a Homo Sapiens chromosome, e.g. HSA21 or HSAX

MAPK Mitogen-activated protein (MAP) kinases; serine/threonine-specific kinases that respond to extracellular stimuli
(such as mitogens, stress etc.) and regulate various intracellular events (such as gene expression,
differentiation, proliferation)

MECP2 Methyl CpG binding protein 2 gene; located at Xq28; mutations in MECP?2 are the cause of Rett syndrome

MK?2 Mitogen-activated protein kinase-activated protein kinase 2

mRNA Messenger ribonucleic acid (RNA)

mi-RNA micro-RNA; short RNA molecules of about 22 nucleotides in length; post-transcriptional regulators
that bind to complementary sequences on messenger RNA transcripts

mTOR Mammalian Target of Rapamycin; intracellular serine/threonine protein kinase that regulates cell growth,
proliferation, apoptosis and protein synthesis

NF1 Neurofibromatosis type 1

PI3K Phosphatidylinositol 3-kinases; PI3Ks interact with the insulin receptor substrate to regulate glucose uptake; also
involved in various other intracellular processes such as cell growth, proliferation and cell survival

Ras Small GTPase proteins involved in intracellular signalling

RISC RNA-induced Silencing Complex; multiprotein complex that incorporates a strand of si-RNA or mi-RNA as a
template to recognize complementary mRNA

si-RNA Small interfering RNA or silencing RNA; class of double-stranded RNA with a key role
in RNA interference (RNAi) where it interferes with expression of a specific gene

SSBP Society for the Study of Behavioural Phenotypes

TSC Tuberous Sclerosis Complex; multisystem genetic disorder associated with mutation
in TSCI (9q34) or TSC2 (16p13.3)

TSCl1 Hamartin, protein product of the 7SC/ gene

TSC2 Tuberin, protein product of the TSC2 gene

phosphorylation sites for p38 MAPK-activated protein
kinase (MK2) and for extracelluar signal regulated kinase 1
and 2 (ERK1/2), the proteins implicated in Noonan and
LEOPARD syndromes (Kobayashi et al. 2010; Krenz et al.
2008). Given that tuberous sclerosis is an mTOR overac-
tivation syndrome, a number of clinical trials are underway
using mTOR inhibitors, such as rapamycin and everolimus,
as molecularly targeted treatments for many of the physical
manifestations of the disorder. Early-phase clinical trials
also suggest that specific aspects of neurocognition, such as
recall memory, may be improved through mTOR inhibitors
in patients with tuberous sclerosis. Given the shared

pathophysiological mechanisms between tuberous sclerosis
and these other rare diseases, mTOR inhibitors may
therefore also have direct potential in the treatment of other
rare diseases (de Vries 2010).

Dysregulation of micro-RNAs (mi-RNA) provides a
second illustration of shared pathophysiological mecha-
nisms. Mi-RNAs belong to the family of small RNAs that
also includes esi-RNAs and pi-RNAs (Lee et al. 1993).
They are non-coding, single stranded and about 22 nucle-
otides long. The ENCODE Project Consortium (2007),
Amaral et al. (2009) and Kim et al. (2009) summarized the
enzymatic and cellular processes by which mi-RNAs
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regulate the translation of target mRNA in a sequence-
specific manner. Briefly, mi-RNAs are post-transcriptional
regulators (Roubertoux et al. 2010). They bind to com-
plementary sequences on mRNA transcripts, resulting in
gene silencing or in translational repression. About one
thousand mi-RNAs, targeting 60% of the genes, are
encoded in mammalian genomes. Disturbances in mi-RNA
function contribute to abnormalities of brain development
and subsequent impairment of cognitive functions in a
number of rare neurodevelopmental disorders. This is
illustrated by the fact that transgenic mice conditionally
expressing mi-R132 in forebrain neurons present dendritic
spine abnormalities and learning impairment (Hansen et al.
2010). Several mi-RNAs are involved in Fragile X syn-
drome, Rett syndrome, DiGeorge syndrome and Trisomy
21. The contributing mi-RNAs are not the same in every
brain disease but all four diseases present an impairment of
post-transcriptional processes.

Fragile X syndrome is the most common cause of
intellectual disability caused by mutations affecting a sin-
gle gene. The gene involved is FMR-1 (Fragile X Mental
retardation-1), located on the X chromosome at Xq27.3.
The syndrome is caused by an expansion of CGG (cyto-
sine-guanine-guanine) repeats in the 5 UTR of the FMR-1
gene. The normal size of the CGG repeats ranges from 5 to
54. When there are more than 200 repeats, the FMRI gene
does not produce the FMR1 protein. Qurashi and Jin (2010)
reported several lines of evidence for interactions between
mi-RNA biogenesis and FMR1. From a biochemical per-
spective, Drosophila FMR1 (dFMR1) interacts with RISC
proteins including three involved in mi-RNA biogenesis
(dAgol, dAgo2 and Dicer). The interaction of dFmrl with
dAgol has been shown by studies both of overexpression
and of loss-of-function of dFmrl. Qurashi and Jin (2010)
suggested a model for FMR1 function in which mi-RNAs
play a crucial role. According to the model, FMR1 facili-
tates the interaction between mi-RNAs and their target
mRNA sequences. This process ensures proper targeting of
guide mi-RNA-RISC within the 3’-UTRs and translational
suppression. The lack of FMR1 in fragile X syndrome thus
dysregulates the suppression of target mRNAs.

Rett syndrome is defined by a complex phenotype
combining brain, motor and cognitive dysfunction. The
disease is associated with a mutation in the MECP2 gene
encoding methyl-CpG-binding protein 2 (Bienvenu et al.
2000). Wu et al. (2010) investigated the role of mi-RNA on
brain functions using a mouse model of Rett-syndrome.
Mecp?2 directly represses the transcription of several mi-
RNAs, including a number that target the 3" UTR of Bdnf
mRNA. Furthermore, Mecp2 directly regulates a large
cluster of mi-RNAs within the DIkI-Gtl2 imprinting
domain. Kernohan et al. (2010) pointed out that the
methylation region close to the G#/2 promoter is associated
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with X-linked o thalassemia/mental retardation syndrome
(168 patients reported in the European Community), sug-
gesting a role for Mecp2 in the transcriptional control of
this region.

DiGeorge syndrome results from hemizygous deletion
on chromosome 22ql1.2. The region carries Drosha
homologous (DGCRS8) that are crucial in mi-RNA bio-
genesis. DGCRS itself has a direct effect on brain function
and cognition, as shown by the observation that insertional
inactivation of the gene induces learning impairment in
mice carrying one null DGCRS allele (Stark et al. 2008).

Trisomy 21 is due to a triplication of all or part of
human chromosome 21 (HSA21). The disease is the most
common cause of intellectual disability. HSA21 encom-
passes five mi-RNA genes: MiR-99a, Let-7c, MiR-125b-2,
MiR-155, and MiR-802 (Kuhn et al. 2008). Another mi-
RNA (MiR-139) was recently identified (URL: http:/
www.informatics.jax.org, 2011). There is direct evidence
that MiR-99a, Let-7c, MiR-125b-2 and MiR-802 are over-
expressed in fetal brain and heart of individuals with Tri-
somy 21 (Kuhn et al. 2008). It is well-known that the brain
is affected in all individuals with Trisomy 21 and that 56%
of patients have heart defects (Roubertoux and Carlier
2010). The MiR-155 and MiR-139 genes are close to APP,
on the telomeric side, in a chromosomal region that is not
involved in trisomic brain and cognitive difficulties
(Sérégaza et al. 2006).

These examples show that the post-transcriptional
activity of mi-RNAs could be one of the common mech-
anisms involved in the development of several rare dis-
eases. In the case of X-linked thalassemia/mental
retardation syndrome and Rett syndrome, the overlap is
even more striking, with both syndromes apparently
affecting a shared set of target genes.

The study of rare diseases can lead to an understanding
of common diseases

The exploration of rare diseases paves the way for under-
standing the causes and mechanisms of more common
diseases, clearly illustrated by the relationship between
Trisomy 21 and Alzheimer’s disease. Alzheimer’s disease
is one of the key international public health challenges,
predicted to affect 1 in 85 people by 2050 (Brookmeyer
et al. 2007). The level of abnormal cleavage products of
Amyloid Precursor Protein (APP) is between 3 and 5% in
Alzheimer’s disease. The study of Trisomy 21 has played a
crucial role in identification of APP as a cause of Alzhei-
mer disease. Hardy and Allsop (1991) were the first to
hypothesize that amyloid deposits could be the central
event in Alzheimer’s disease. The intellectual decline that
arises in individuals with Trisomy 21 when they are in their
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forties, the presence of amyloid deposits in the brain
(cortex and hippocampus), and the location of APP on
HSA21 confirmed the contribution of APP to inherited
forms of Alzheimer disease.

Another example of how studies of rare diseases may
pave the way for understanding more common ones comes
from the study of Waltereit and colleagues in this issue
(Waltereit et al. 2011). They used a naturally occurring
TSC?2 rat, the Eker rat, to examine the relationship between
seizures and autism. Autism spectrum disorders (ASD) are
now recognized in almost 1% of the population, making it
remarkably common. There is clear evidence in the liter-
ature that seizures and epilepsy correlate with autism
spectrum disorders, but very few if any experimental
studies have been performed to determine whether there
may be a causal relationship between epilepsy and ASD.
Waltereit showed that, although wild-type rats had no
social deficit behaviours, the Tsc2~ rats showed specific
social deficits. After the induction of status epilepticus both
wild-type and Tsc2™~ rats showed some social deficits, but
the social deficits were different from those present in the
untreated Tsc2%~ rats. If these findings are borne out in
other studies, results may provide support for an additive
causal model of autism where a rare disease mutation is
sufficient to lead to some ASD features and the epilepsy
contributes additional (but different) social deficits to cross
the diagnostic threshold for ASD, thus showing how a rare
disease can shed light on the mechanisms of common
disorders.

Rare diseases challenge the ‘one gene—one functional
consequence’ assumption

The study of the genetic origin of inter-individual vari-
ability is of significant interest to behavioural geneticists.
Initial findings in behavioural genetics generated a ‘one
gene-one protein’ assumption. We know now that this
assumption is an oversimplification. Rare diseases have
helped to clarify that individual gene products may have
multiple different functions (see for instance Serfontein
et al. 2011, this issue). Thus different mutations in a single
gene may have a range of functional consequences, both at
a biochemical and phenotypic level. Tierney et al. (2011)
clearly illustrate the variability of phenotypic expression in
a group of normally-intelligent adults with tuberous scle-
rosis in spite of the fact that the majority had a mutation in
the same gene.

The concept of the multifunctional gene proposes that
different alleles of a given gene might generate several
different forms of a protein and therefore have several
different phenotypes (Roubertoux 2004; Roubertoux and
Carlier 2007). The human neuroligin 4 gene associated

with different brain disorders provides a demonstration of
the multifunctionality of the gene. The neuroligin 4 gene is
located on HSAX. A frameshift mutation in codon 396
(GAC, encoding aspartate, transformed in TGA, a stop
codon) results in a truncated protein associated with autism
spectrum disorders (Jamain et al. 2003) whereas a deletion
of two nucleotides in codon 418 (GAG, glutamate, turning
it into GAC, aspartate) leads to modification of codons
418-429 and of the corresponding 11 amino acids, result-
ing in a stop codon (TAA) at codon 429 (instead of GAT,
aspartate), and a truncated protein associated with intel-
lectual disability (Laumonnier et al. 2004).

Alternative splicing is a powerful contributor to gene
multifunction (Roubertoux 2004; Ule et al. 2006). After
transcription, the intronic regions are eliminated whereas
the exonic regions alone are left in the transcript. The step
is referred to as “regular” splicing. Bypassing of splice
sites, either physiologically or through mutation can occur
at the boundaries of exons and introns, resulting in the
elimination of exons. The process generates new proteins
and subsequently new phenotypes. The Drosophila Down
syndrome cell adhesion molecule (Dscam) gene, which
encodes an axon guidance receptor, can express 38,016
different messenger RNAs, thus 38,016 possible proteins
and 38,016 different functions (Schmucker et al. 2000).
About 95% of genes exhibit between 3 and 5 “alternative”
splicings. The occurrence of alternative splicing varies in
tissue types and may, for instance, vary between frontal
cortex and hippocampus. Alternative splicing therefore
challenges the notion of genetic “causality” and genetic
“determinism” given that the gene product is not predicted
from the DNA template only. Thus although a typical
phenotype might be expected from an inherited gene, a
splicing alteration might generate a pathological
phenotype.

Rare diseases shed new light on the strengths
and weaknesses of animal models in the study
of behavioural phenotypes

As well as offering the possibility of confirming the role of
specific genes in causing diseases, appropriate animal
models have led to advances in understanding the patho-
physiology and development of treatment strategies for
these diseases. Drosophila (fruitfly), Caenorhabditis ele-
gans (nematode worm) and Danio rerio (zebrafish) are
often used as molecular or cellular models, whereas rodents
are preferred when the brain and behavioural aspects
constitute key aspects of the phenotype. However, rare
diseases point out a number of factors to consider when
using animal models to study human disease.
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In this issue, Serfontein and colleagues (2011) used a
bioinformatic approach to study the presence of structural
and functional elements of TSC1 and TSC2 across a
number of animal models commonly used to study physical
or behavioural phenotypes of human disorders. They
reported very high similarity to the human protein
sequences for rat and mouse, but not for zebrafish, fruitfly
or yeast. Their results therefore illustrate the importance of
caution when interpreting results from some of these ani-
mal models, especially as they relate to the function of
specific residues in the proteins concerned.

Animal models should also be used carefully when
studying particular behavioural phenotypes, particularly
when translating cognitive processes between humans and
animal models. ‘Intellectual disability’ in a human (defined
as performance below 2SD of the mean on formal IQ
testing accompanied by impaired adaptive behaviour) does
not have a true equivalent in animal models. Poor perfor-
mance on the Morris water maze or in the radial maze is
not sufficient as a proxy for intellectual disability, given
that poor performance on these two tasks may result from
impairment in different cognitive processes. Cognitive
sciences have identified different kinds of memory corre-
sponding to different brain substrates (Milner et al. 1998).
The comparisons between Trisomy 21 and Williams-Beu-
ren syndrome in this issue illustrate the importance of
dissecting specific aspects of memory impairment (see the
two papers by Menghini et al. 2011a, b). A further diffi-
culty results from the fact that the same phenotype may be
associated with different diseases. Tordjman et al. (2007)
discussed the well-known cerebellar hypoplasia that was
considered as a sign of autism. However, cerebellar
hypoplasia is seen in several disease including Trisomy 21,
Williams-Beuren and various forms of muscular dystrophy.

Lesch-Nyhan syndrome provides a further lesson about
genetic differences between mice and men. Homologous
hypoxanthine phospho-ribosyltransferase genes (HPRT in
man and Hprt in mice) regulate the metabolism of purines.
Deletion of the Hprt gene in mice, however, does not
induce a phenotypic disorder, whereas a human HPRT
mutation would cause Lesch-Nyhan syndrome. The boys
carrying one of the numerous mutations of the HPRT gene
present a lack of HPRT, inducing abnormal purine
metabolism (over-production and over-excretion of pur-
ines). The absence of a phenotype associated with the
deletion of the homologous Hprt gene in the mouse is
explained by different purine metabolism in the two spe-
cies. Wild-type mice do not salvage circulated hypoxan-
thine. Wu and Melton (1993) hypothesized that mice are
protected against HPRT loss and that purine metabolism is
less HPRT dependent in the mouse than in humans. The
HPRT/APRT quotient was shown to be lower in mice than
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in humans and, as a result, the authors suspected the second
enzyme (adenine phosphoribosyl-transferase—APRT) to
be involved in the mouse purine salvage pathway.
Administration of an inhibitor of APRT (9-ethyladenine) to
mice lacking HPRT led to a self-injurious behavior phe-
notype that characterizes Lesch-Nyhan syndrome in
humans.

A further lesson from rare diseases is that animal models
are not always necessary to develop a targeted treatment. In
some cases, discovery of the cause and effective treatment
of a rare metabolic disorder can be done without an animal
model. Phenylketonuria, caused by mutations of the
phenylalanine hydroxylase gene (12q23.2-q24.1), results in
severe cognitive impairment and behavioral disorders. A
special diet to prevent the metabolic disorder from birth
reduces the cognitive and behavioural symptoms and, inter
alia, improves the actual cognitive processes (Carlier and
Ayoun 2007; Williams et al. 2008). Of course it is also true
that several successful treatment strategies identified in
mouse models of rare genetic diseases have led to clinical
trials (Salehi et al. 2009; Roux et al. 2007; Varela et al.
2008). It is striking how many rare diseases have become
powerful models of translational medicine and translational
neuroscience, exactly because these diseases have allowed
us to progress from an understanding of their underlying
mechanisms to the brain and behavioural phenotypes.

Conclusion

Rare genetic disorders have clearly come of age, and are
increasingly recognized and utilized as heuristic models in
the study of behaviour. Apart from international learned
organizations such as the Behaviour Genetic Association
(BGA) and the Society for the Study of Behavioural Phe-
notypes (SSBP) whose primary aims are to promote
awareness and high-quality research in behavioural genet-
ics and behavioural phenotypes of rare genetic diseases,
there are also national and international bodies including
Orphanet (Europe), the NIH Office of Rare Diseases
Research (USA) and Rare Disease UK, that are champi-
oning the clinical importance and scientific value of rare
diseases.
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