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Introduction

Williams syndrome (WS) is a rare neurodevelopmental disorder occurring in 

approximately 1 in 20,000 live births [Morris, et al., 1988].  It results in specific physical, behavioral and cognitive abnormalities, together with structural and chemical anomalies in the developing brain [Bellugi et al., 1994; Karmiloff-Smith, 1998; Mervis, et al., 1999; Rae et al., 1998].    Williams syndrome was first described by two cardiology groups  [Williams et al., 1961; Beuren et al., 1962].  They reported the association of supravalvular aortic stenosis, distinctive facial appearance, and growth and developmental retardation.  In 1963 children with similar problems who, in addition, had infantile hypercalcaemia were reported [Black and Bonham-Carter, 1963].  The outgoing personality and the unusual developmental profile, with relatively good verbal abilities but poor spatial abilities, was also noted early [Bennett et al., 1978].

Analysis of the WS physical phenotype 

The facial appearance is very distinctive with a flat nasal bridge and anteverted nares, a wide mouth with fleshy lips, periorbital fullness, epicanthic folds, flat malar region, small mandible and prominent cheeks.  With age subcutaneous tissue is lost and can give rise to a prematurely aged appearance.  Premature greying of the hair occurs in many adults.  The neck is long and the hyoid prominent in adults.  A characteristic posture may develop with sloping shoulders, exaggerated lumbar lordosis and flexion at the hips and knees.  Mean birth weight is reduced and there is post natal growth retardation.  Puberty is often early contributing to the low final adult height [Cherniske et al., 1999].  A study of growth found mean adult height to be 165.2+/‑10.9cm in males and 152.4+/‑5.7cm in females [Partsch et al., 1999].  There can also be relative obesity in adult life.

Cardiac and vascular problems

Supravalvular aortic stenosis and peripheral pulmonary artery stenosis are the commonest cardiac manifestations.  An echocardiographic study of 66 patients with Williams syndrome found a degree of aortic narrowing in all patients [Hallidie-Smith and Karas, 1988] but this study was reported from a cardiology unit and the true incidence of cardiac defects is nearer 75%.  Follow up studies of Williams syndrome patients with supravalvular aortic stenosis demonstrated that those with a gradient <20 mm Hg in infancy showed no progression of the lesions but those with gradients in excess of 20 mm Hg tended to progress with 60% requiring surgery [Wessel et al., 1994].  Stenoses of peripheral vessels including renal, carotid, coronary, subclavian and mesenteric arteries have been reported.  The consequences can include myocardial infarction and stroke.  Elevated blood pressure is noted frequently in adolescents and adults with Williams syndrome [Broder et al. 1999].

Hypercalcaemia

Although it was recognised early that transient hypercalcaemia is a feature of Williams syndrome [Black and Bonham-Carter, 1963] documented evidence of hypercalcaemia is present in a minority.  Symptoms of vomiting, irritability, constipation and failure to thrive present within the first year of life, peaking between five and eight months of age although there is often a delay in diagnosis.  Dietary management of calcium intake and avoidance of preparations containing vitamin D is usually effective.

Other clinical manifestations

The incidence of renal tract abnormalities in Williams syndrome is around 18% according to large ultrasound studies [Pober et al., 1993; Pankau et al., 1996] and include renal agenesis, duplicated kidneys, vesico-urinary reflux and nephrocalcinosis.  Around 50% of Williams syndrome patients have strabismus, mainly esotropia, and refractive errors are common [Winter et al., 1996].  Orthopaedic problems occur frequently and include kyphosis, lordosis and scoliosis [Morris et al., 1988], joint contractures and radioulnar synostosis. Gastrointestinal symptoms are present at all ages;  constipation and rectal prolapse occur in infancy and childhood, and diverticulitis and peptic ulcer later in life [Morris et al., 1988].  Hypersensitivity to certain sounds, particularly machines, fireworks and balloons bursting occurs in 85-95% of patients.  This hyperacusis, or the ability to cope with it, tends to improve with age.  Audiometry is usually normal.  Otitis media occurs frequently in childhood.

Genetic basis of Williams Syndrome 
The majority of cases of Williams syndrome are sporadic but there are a few instances of parent to child transmission and concordant monozygotic twins [Morris et al., 1993; Pankau et al., 1993].  In 1993 following reports that the elastin gene at 7q11.23 was disrupted by a translocation associated with supravalvular aortic stenosis [Curran et al., 1993] and that autosomal dominant SVAS mapped to 7q11.23 [Ewart et al., 1993a], hemizygosity at the elastin locus resulting from deletion was demonstrated in Williams syndrome [Ewart et al., 1993b].   The microdeletion is approximately 1.5Mb and is of fairly uniform size, with the elastin gene being midway between the two breakpoints [Perez-Jurado et al., 1996].  Deletions on the maternally and paternally inherited chromosomes occur with equal frequency and there is no parental age effect.  The mutational mechanism commonly appears to be unequal meiotic recombination between chromosome 7 homologues although intrachromosomal rearrangements may also occur.  Large repeats containing genes and pseudogenes flank the deletion breakpoints [Robinson et al., 1996; Urban et al., 1996; Peoples et al., 2000].

Elastin

Elasticity of the skin, lungs and large blood vessels depends on the presence of elastic fibres in the extracellular matrix.  Elastic fibres are composed of two morphologically distinct components; an amorphous component and mircrofibrils. Fibrillin is the major protein of microfibrils and elastin the major protein of the amorphous component.  The ELN gene encodes tropelastin.  The microfibrils form bundles which  act as a scaffold for deposition, orientation and assembly of tropelastin monomers to form insoluble elastic fibres.  Expression of elastin is largely confined to the third trimester and early postnatal life.  In arteries elastin is the major extracellular matrix protein comprising 50% of the dry weight of the aorta.  Elastin is synthesised by arterial smooth muscle and the insoluble polymers form concentric rings of elastic lamellae which alternate with rings of smooth muscle around the lumen.

Supravalvular aortic stenosis is an obstructive vascular lesion which can oocur as a discrete hour glass deformity or a diffuse aortic hypoplasia. It often occurs in combination with other vascular stenoses including peripheral pulmonary artery stenosis and renal artery stenosis.  SVAS is the most common cardiac abnormality  occurring in patients with Williams syndrome. SVAS can also occur as an isolated dominant trait and in families was mapped to 7q11.23 [see above].  Subsequently point mutations and intragenic deletions have been described in familial and sporadic cases of SVAS [Tassabehji et al., 1997; Li et al., 1997].  These observations support the hypothesis that haploinsufficiency for elastin causes the vascular abnormalities seen in Williams syndrome but not the other physical and cognitive anomalies.  Mutations in ELN leading to the production of structuarally abnormal tropelastin which affect the elastic fibre achitecture have been found in patients with autosomal dominant cutis laxa [Tassabejhi et al., 1998]..

Mice homozygous and hemizygous for a null disrupted ELN allele have been generated.  Homozygous mice died by postnatal day 4.5 of obstructive arterial disease resulting from subendothelial cell proliferation and reorganisation of smooth muscle.  However, the histological appearance of the aorta in ELN-/- and ELN +/+ mice were indistinguishable until embryonic day 17.5 [Li et al., 1998a].  Mice hemizygous for the elastin gene were shown to have ELN mRNA and protein reduced by 50%.  There was an increase of 35% in the number of elastic lamellae and smooth muscle rings in these mice.  Humans with ELN hemizygosity had a 2.5-fold increase in elastic lamellae and smooth muscle [Li et al., 1998b].

LIM Kinase-1 [LIMK1]

LIMK1 lies telomeric to ELN and was found to be deleted in all patients tested with typical Williams syndrome [Tassabehji et al., 1996].  LIMK1 encodes a protein tyrosine kinase that  phosphorylates and inactivates cofilin , a protein that is required for turnover of actin filaments [Arber et al., 1998].  Actin depolymerization and recycling are needed at the leading edge of a moving cellular process, so defects in the process could affect axonal guidance during central nervous system development.  The mouse Limk1 gene shows 95% homology with  human LIMK1.  During embryogenesis Limk1 is expressed in the central nervous system including the inner nuclear layer of the retina, the cortex, the spinal cord, the cranial nerves and dorsal root ganglia.  In adult mice, expression occurs in retina, cortex and spinal cord [Proschel et al., 1995].

Other single copy genes within the deletion

Complete BAC/PAC contigs of the Williams syndrome deletion region delimited by the non deleted markers D7S1816 and D7S489A have been published [Hockenhull at al., 1999; Peoples et al., 2000].  The region is complex with many duplicated genes and pseudogenes described.  Several single copy genes in addition to ELN and LIMK1 have been described but whether their haploinsufficiency contributes to specific features of the Williams syndrome phenotype is not yet known.  For a review of these see Franke [1999].

- Figure 1 (box) gives a list of the other genes in deleted segment -

Analysis of the WS behavioural and cognitive phenotype

Personality
The personality profile of people with WS is specific to the syndrome.  Individuals tend to be overly friendly with strangers and to lack social judgment skills in general [Einfeld, Tonge and Florio, 1997; Gosch and Pankau, 1997].  While tending not to be shy in new surroundings, they also display extreme anxiousness about new situations where unexpected things happen.   They display empathy towards others’ emotions, but are less skilled at understanding human intentionality than originally claimed .  Their social-affective understanding is relatively spared, but their social-cognitive understanding is impaired [Tager-Flusberg , Boshart and et al., 1998].

Behavioral versus cognitive phenotype


In clinical medicine, the terms “behavioral” and “cognitive” have rather different connotations to the way in which they are used in experimental psychology.  For the clinician, “behavioral phenotype” refers to emotional and personality traits, attention deficits, and standardized measures of intelligence.  “Cognitive” is included under behavioral and refers to the measures of intelligence.  In experimental psychology, however, “behavioral” refers to measures of overt behavior, e.g. whether or not the subject is good or poor at, say, face processing, good or poor at language.  It says nothing about ‘how’ the subject goes about face processing or language.  “Cognitive” goes beyond the observable and attempts to uncover underlying processes by which the subject has solved a task or failed.  So, for example, although a group of subjects may all score well on a face matching task, there are ways of designing the task such that succeeding on some items but not others suggests that the subject is solving the task by focussing on features rather than the configuration of faces.  The focus on features is not observable, but inferred from the pattern of successful and unsuccessful observable behaviors.  So, the same behavior can result from different underlying processes.  Cognition is certainly not a sub-set of behavior.

To understand any developmental syndrome, it is essential to distinguish between the behavioral phenotype based on scores from standardized tests of overt behavior) and the cognitive phenotype (based on in-depth analyses of the mental processes underlying the overt behavior) [Karmiloff-Smith, 1998].  Sometimes equivalent behavioral scores camouflage very different cognitive processes.  

Individuals with WS exhibit an uneven cognitive-linguistic profile together with mild to severe mental retardation. Most studies estimate a mean full intelligence quotient (IQ) of between 51-70 [Bellugi, et al., 1994; Mervis et al., 1999; Udwin and Yule, 1991].  To be noted, however, is the fact that the full IQ score camouflages marked differences in specific cognitive abilities. The pioneering work of Bellugi and her collaborators suggested some clear-cut dissociations in the cognitive architecture of WS.  Language and face processing appeared to be preserved in the face of both general retardation and particularly serious problems with visuo-spatial cognition [Bellugi, et al., 1994].  However, the notion that abilities in developmental disorders are “intact” takes overt behavior in the adult as if it were a direct index of underlying cognitive processes, which it is not [Karmiloff-Smith, 1998].  In-depth analyses of the language and face processing  of WS adults – two areas purported to be “intact”– strongly suggest that the behavioral proficiencies of individuals with WS are supported by different cognitive processes compared with normal controls.  Moreover, analyses of the WS infant cognitive profile demonstrate that the latter differs from the adult phenotypic outcome.  We treat each of these in turn.

Cognitive processes in the phenotypic outcome: Language
It is questionable whether any aspect of language—syntax, semantics, phonology or pragmatics—is intact in WS, despite claims to the contrary [Rossen, et al., 1996; Pinker, 1994]. In a recent study, Clahsen and Almazan [1998] argued for a dissociation of innate mechanisms, on the basis of their claim that in WS memory for vocabulary is impaired but grammar is intact. However, their arguments were based on a very small sample of children with WS 9N=2 for CA=5 years, and N=2 for CA=7 years). A much broader, in-depth study using the same tasks [Thomas et al., 2000] compared the performance of 21 patients with WS with that of 4 typically developing control groups at ages 6, 8, 10 and adult.  Given WS language is seriously delayed initially, Thomas and colleagues argued that it is not sufficient to show that one aspect of language is poorer than another, because this is also true at younger stages in normal development.  Rather, it is necessary to demonstrate that the level of a specific aspect of language is poorer that would be expected in WS for their overall level of language development.  The study showed that when verbal mental age was controlled for, the WS group were impaired but displayed no selective deficit in different aspects of language. Mervis and her collaborators [e.g., Klein and Mervis, 1999] have also concluded that the best way to characterize WS language is that it is delayed, revealing patterns typical of considerably younger children. A number of other empirical findings suggest that the WS language system is not only delayed but develops along a different trajectory compared to controls [Karmiloff-Smith et al., 1997; Klein and Mervis, 1999; Mervis et al., 1999; Stevens and Karmiloff-Smith, 1997]. WS use pointing after the appearance of naming [Mervis  et al., 1999].  Sensitivity to the sound pattern of the language seems much stronger than sensitivity to meaning [Grant, et al., 1997; Laing,  2000; Klein and Mervis, 1999]. Several studies across various languages [e.g., Klein and Mervis, 1999] now suggest that the problems that people with WS have with semantics and grammar are simply camouflaged by their good verbal memory. 

Taken together, these different studies point to the fact that when learning language as children, as well as when processing language as adults, individuals with WS follow a deviant developmental trajectory.  Behaviorally WS language is relatively good, but cognitively it is different to the language of normally developing controls.

Cognitive processes in the phenotypic outcome: Face processing
There is no doubt that people with WS are very proficient at recognizing faces and, as with language, initial claims about face processing in WS suggested an innately specified face processing module that is intact [Rossen et al., 1994]. However, we again need to distinguish between the behavioral phenotype and the cognitive phenotype [Karmiloff-Smith, 1998].  Several studies [Deruelle, et al., 1999; Karmiloff-Smith, 1998; Udwin and Yule, 1991] have replicated Bellugi’s earlier work revealing normal or near normal scores on standardized tasks. However, they have seriously challenged the notion that the behavioral success displayed in WS face processing capacities is normal.  It has been shown that whereas normal controls use predominantly configural or holistic processes to recognize faces, people with WS tend to use predominantly componential or featural processes [Deruelle, et al., 1999; Karmiloff-Smith, 1998]. The tendency to use featural rather than configural processes in WS, as compared to patients with Down syndrome, is seen not only with respect to faces, but also in other visuo-spatial tasks, as Figure 2 illustrates.

· Insert figure 2 about here (illustration of drawings and block design)

Imaging studies focusing on the electrophysiology of face processing in Williams syndrome also support the notion that different cognitive processes sustain the WS behavioral success.  Mills et al. [2000] and Grice [in prep.] discovered abnormalities in the early waveforms of their WS patients, not found in any of the controls.  There is less right lateralization and no difference in amplitude of the response to human faces or monkey faces, in contrast to normal controls. These data refute the idea of an ‘intact’ module and instead suggest that people with WS may use a general ‘object processor’ to process faces.

- Figure 3 about here (photo of WS adolescent in ERP net) -

The infant start start versus the phenotypic outcome 
We turn briefly to the infant starting state and how it relates to the phenotypic outcome in Williams syndrome. Again, we challenge assumptions made on the basis of the adult behavioral phenotype that the pattern of abilities and deficits found in the end state represents the infant start state. We report on a study of two cognitive domains, one of relative proficiency in the phenotypic endstate – language – and one of serious impairment – number. Infants, young children and adults with WS were compared with MA-/CA-matched infants, young children and adults from another syndrome, Down syndrome [Paterson, et al., 1999]. 

The findings were very clear. For adults, the WS and DS groups had significantly different scores on a vocabulary test, with the WS adults significantly outstripping the DS adults.  For number, the WS and DS adults’ performance presented opposite patterns. The DS adults, although slower overall, displayed significantly different reaction times to different numerical displays, as did normal controls. By contrast, the WS adults did not show this effect.  So the phenotype in the adult end state was:  DS significantly worse than WS on vocabulary, WS significantly worse than DS on numerosity judgments. If the start state can be directly derived from the endstate and be used to make claims about genotype/phenotype relations, then the atypical infants should show the same profile of cognitive abilities and impairments as adults.  But this was not the case.  For the vocabulary task, the WS and DS infants were equally impaired (at approximately half their chronological age), despite the fact that WS adults are significantly better than the DS adults.  By contrast, for number, although the WS adults are more impaired than the DS adults with numerosity judgments, the infants with WS were unimpaired on the numerosity judgment task.  They performed like the CA controls, whereas the DS infants were seriously impaired and did not even reach the level of the MA controls. Again, the pattern in infancy differed considerably from that observed in adulthood. 

The infancy/adult data suggest that the learning trajectories of the two syndromes are different in development.  This highlights the need to consider the process of development itself when studying developmental disorders and that claims about genotype/phenotype relations cannot be based on patterns found in phenotypic outcomes [Karmiloff-Smith, 1998; Paterson et al., 1999].

Cognitive analysis of patients with small deletions 

Initial discovery of the deleted area on chromosome 7q11.23 [Frangiskakis et al., 1996] led to several claims about the relationship between specific genes and cognitive outcomes.  From their study of patients with smaller deletions Frangiskakis and colleagues argued that the hemizygosity of LIMK1 gene led to impaired visuospatial constructive cognition in WS.  We challenged this conclusion in a subsequent study of three patients with isolated SVAS [Tassabehji et al., 1999].  All three were deleted for the entirety of LIMK1. Two brothers were in addition deleted for part of ELN from exon 10 onward but did not include RFC2 or STX1A.   One patient had a larger deletion that included FZD3, STX1A, RFC2 and ELN in addition to LIMK1.  A fourth patient with a deletion that included LIMK1 and ELN was not able to participate in the cognitive assessment.

Our results showed that none of the patients had the facial or growth characteristics typical of WS, despite their elastin deletion.  Furthermore, despite their LIMK1 deletion, none of our patients met the Williams Syndrome Cognitive Profile used by Frangiskakis et al. [1996] to link LIMK1 to spatial cognition.  Our patients showed no selective deficit in spatial cognition, suggesting that LIMK1 is neither sufficient nor necessary for spatial impairment.  In their recent article, however, Mervis et al., [1999b] criticize our findings on the three SVAS patients on the basis that two of our subjects with the LIMK1 deletion were above-average intelligence.  They claim that our SVAS patients were able to overcome their ostensive spatial difficulties by talking themselves linguistically through the spatial tasks because of their intelligence.  Four facts militate against this interpretation. First, our below average patient, although impaired overall, showed no selective spatial deficit.  Our two patients who displayed slightly above-average patterns of ability had verbal standard scores of 96 and 110 respectively, and spatial standard scores of 100 and 109 respectively. Second, none of our patients accompanied their spatial problem solving with speech.  Third, our original study used the British Abilities Scale 11 to allow comparison with the original Mervis et al. [1999] study using the Differential Abilities Scales.  However, we have since re-tested one of our SVAS patients on a very wide range of spatial tasks, and he displayed normal or even above normal spatial abilities throughout.  On the WAIS block design, for instance--a visuo-spatial construction task which Mervis et al. claim to be the hallmark cognitive weakness of people with WS-our SVAS patient was 1 standard deviation above the mean.  He was in the normal range on the Benton Line Orientation Task on which people with WS, whatever their level of intelligence, are usually at floor.  In many instances, his spatial scores were even somewhat better than his linguistic scores.  This does not point to the typical Williams Syndrome cognitive pattern in any way whatsoever. Finally, fourth, we have also recently tested a high-functioning adult with WS (genetically and clinically verified).  Despite a verbal IQ of 99, i.e., considerably higher than our third, lower-functioning SVAS subject, she displayed the serious spatial impairments typical of WS and unlike any of our SVAS patients.  

Conclusions

Williams syndrome is a contiguous gene microdeletion syndrome.  The deletion at 7q 11.23 is most often caused by unequal crossing-over between homologous chromosomes 7s during meiosis.  Hemizygosity for ELN causes SVAS and other vascular stenoses but none of the other features of WS.  It has become increasingly clear that the uneven profile of abilities and impairments at the behavioural level must be reanalyzed at the cognitive level if we are to begin to adequately relate genotype to phenotype.  Recent infancy studies have shown that we cannot use the phenotypic outcome to assume the pattern of abilities and impairments in infancy.  The effects of deleted genes are likely to be to low-level cognitive processes that have differing effects on different domains as development proceeds.  What is clear is that it is premature, to say the least, to relate hemizogosity of LIMK1 to impairments in visuo-spatial construction prior to knowing far more about the cognitive level of description in patients both with WS and those with smaller deletions in the same region. 

Acknowledgements

The cognitive and behavioural studies  by A K-S and colleagues were funded by Programme and Projects Grants to A.Karmiloff-Smith by the UK Medical Research Council, and by PhD studentships from the Medical Research Council and the Down Syndrome Association.  We are grateful to Dr M Tassabejhi and Dr K Metcalfe for advice.  WS research in Manchester is funded by the Wellcome Trust, Action Research and UK Birth Defects Foundation.  We acknowledge the cooperation and support of the Williams Syndrome Foundation (UK).

Figure 1

Syntaxin1A [STX1A] – encodes a component of the synaptic apparatus

RFC2 -encodes for a sub-unit of the replication factor C complex involved in DNA replication

FZD3 - is homologous to the Drosophila tissue polarity gene “frizzled”

FKBP6 – similar to FK-506 binding protein class of immunophilins

WBSCR9/WSTF – may be a transcriptional activator factor

WS-(TRP – may play a role in signal transduction

WS-bHLH – basic HLH leucine zipper protein

CPETR1 –



May be involved in cell-cell signalling

CPETR2 – 

CYCLN2/WBSCR4 – CNS protein – links specific organelles to cytoskeleton via microtubules

GTF3 – transcription factor involved in the regulation of skeletal muscle gene expression

GTF21 – transcription factor, phosphorylated by Brutons tyrosine kinase

Legend

Single copy genes, in addition to ELN and LIMK1, in the Williams Syndrome Critical region at 7q11.23.
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Dear Gene

Williams syndrome: From genotype through to the cognitive phenotype

I am sorry I have been so slow in getting back to you with the amended manuscript.  In defence, I would say that I have been ill, away on holiday, and subpoenad to appear in court.

I have shared the reviewers comments with Annette Karmiloff-Smith and have received detailed comments in return from her.  I have incorporated these where possible in the manuscript and will in this covering letter justify why some areas were not changed.

As regards the first reviewer, we have added a paragraph to deal in full with the reviewer’s second paragraph.  As regards the third paragraph regarding anxiety, no-one has done research relating anxiety to cognitive outcome.  We have slightly amended the text.  In regard to the fourth paragraph, there was not enough room to spell out in detail why the language of individuals with WS is cognitively different to the language of normally developing controls.  We therefore briefly mentioned some examples and referred to papers where details are given.  In the fifth paragraph, the reason why individuals with Down syndrome were thought to be appropriate controls was because of the different pattern in DS compared to WS but individuals with both syndromes could be matched on overall IQ/MA and chronological age.  This control group satisfied the editor and reviewers of the journal Science in which the paper was published.  As far as this reviewer’s third point in this paragraph is concerned, the study compared numerocity judgements in the two cases, not numerocity in one case and some other aspect of number in the other case.  The reviewer is confounding the individual difference literature on scores within domains, with a comparison across patterns of domains cross – syndrome.  As regards the final paragraph, the various arguments were rehearsed in the paper where we published our small deletion patients and their WSCP.  The one lower SVAS patient has a general score the same as the 
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highest WS patient, but the WS patient has a clear cut imbalance between language and space whereas the SVAS patients do not.  I guess we will be having further discussions of this kind at the upcoming meeting in Detroit.

With reference to the second reviewers comments, in the introductory remarks the reviewer refers to Down syndrome as a contiguous gene deletion syndrome which of course it is not.  This reviewer’s point 1 is fully taken into account in the additional paragraph we have added in response to the first reviewer’s comments.  For point 2, rather than just referring to infants we have amended the text to “infants and young children”.  With regard to the minor points, we have modified the text to take account of the comments regarding pages 1, 2, 3, 4 and 5.  For the point on page 5 where the reviewer states that two comments about social judgement skills and social affective understanding are contradictory.  We make it clear that there is a distinction between socio-affective and socio-cognitive, so there is no contradiction.  They do lack social judgement skills but are fine on empathy, etc.  For the points on page 7,8 and 11 we have amended the text and for the point on page 9 with regard to the vocabulary and number tasks, the full details are in the published papers referred to.  We could include extra tables but that would lengthen the paper considerably.

I hope that with these comments and amendments you will now find the paper suitable for publication.  If my co-author, Annette Karmiloff-Smith, has any comments on the points or amendments I have included, then I am sure she will contact you in the next few days.

Yours sincerely

Professor Dian Donnai  MB FRCP FRCOG FRCPCH

Consultant Clinical Geneticist
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