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Arthur L. Beaudet, M.D. 

Allan Award 

Introduction by James Lupski 

 It is truly a pleasure and privilege to introduce this year’s 

recipient of the William Allan Award, Arthur L. Beaudet who is the 

Henry and Emma Meyer Professor and Chairman of the Department of 

Molecular and Human Genetics at the Baylor College of Medicine, in 

Houston, Texas.  Art earned his first degree from the College of the 

Holy Cross and his M.D. from Yale University graduating from both with honors.  After 

internship and residency on the Harriet Lane Pediatric Service at the Johns Hopkins Hospital, he 

went to the National Institutes of Health to do research at a time when their was tremendous 

political turmoil in our country with the Vietnam War.  His lab mates and colleagues at the NIH 

included Joe Goldstein (a former recipient of this Award), Tom Caskey, Ed Skolnick, and 

Marshall Nirenberg; Art worked on very basic mechanisms of protein translation.  In 1971, he 

came to the Baylor College of Medicine where he has spent almost 37 years contributing to 

human and medical genetics and the last 13 years as our leader as Chair of the Department.  

 

 I first met Art 22 years ago when I came to Baylor to interview for my Pediatric 

residency and clinical genetics fellowship.  In my greater than two decades there, Art has been an 

inspiration, a great mentor, and a terrific leader.  However, we his colleagues, collaborators and 

friends in the Society for whom he was a former President recognize him today for his scientific 

contributions. 
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 William Allan was a pioneering human/medical geneticist whose primary “high tech” 

experimental approach for research was pedigree analysis.  I thought this would be fun to 

mention since all of us who did our clinical training with Art were drilled by Art until we got the 

pedigree correct.  I made this slide from one of William Allan’s papers 1 where he posited two 

rules from such pedigree studies: (1) Regarding diseases due to a single gene defect, a survey of 

50-100 families usually shows a triple pattern of inheritance, dominant, recessive and X-linked.  

I think this is perhaps the first recognition of genetic heterogeneity.  (2) The pattern of 

inheritance determines the age of onset and clinical severity as demonstrated by Charcot-Marie-

Tooth disease (CMT).  Allan made many important observations on CMT and retinitis 

pigmentosa.  

 

 The Allan Award is given by our Society: “to recognize substantial and far-reaching 

scientific contributions to human genetics, carried out over a sustained period of scientific 

inquiry and productivity”.  Art Beaudet began his research career with fundamental studies on 

protein synthesis 2,3 during the next four decades among many other research accomplishments 

he delineated the molecular genetics of inborn errors of metabolism focusing on urea cycle 

defects for which he has also worked on gene therapy 4-6. 

 

 Art also described the first case of uniparental disomy (UPD) as a genetic mechanism for 

disease, which was published in our Society’s Journal 7.  The full contribution of the UPD 

mechanism to disease may become even more realized as we see better array-based genomic 

assays applied in the clinic.  Art has actively pursued imprinting in PraderWilli and Angelman 

syndromes 8-10and more recently in autism as one aspect of his Mixed Epigenetic Genetic De 
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novo and Inherited or so called MEGDI model 11,12.  I imagine that William Allan would have 

loved this model to explain genetic heterogeneity in autism.  Finally, Art spearheaded the clinical 

implementation of high resolution genome analysis by array Comparative Genomic 

Hybridization 13-15.   

 

 His sustained period of scientific inquiry and productivity spans four decades and 

includes over 300 publications and the training of about 70 postdoctoral fellows and 10 graduate 

students in his own laboratory.  Moreover, as Director for more than 30 years of the largest 

clinical genetics training program he has overseen the training of greater than 120 clinical 

genetics fellows from the United States and throughout the world including fellows from over 25 

countries. 

 

 I want to personally thank the Society for the wisdom of its choice.  William Allan would 

have been proud of Art’s pedigree analysis.  I know we will all enjoy hearing Art’s perspective. 

 

1. Allan W (1939) Relation of hereditary pattern to clinical severity as illustrated by peroneal 

atrophy. Arch Intern Med 63:1123-1131 

2. Caskey CT, Beaudet AL, Nirenberg M (1968) Dissimilar response of mammalian and 

bacterial transfer RNA fractions to messenger RNA codons. J Mol Biol 37:118 

3. Goldstein J, Beaudet AL, Caskey CT (1970) Peptide chain termination with mammalian 

release factor. Proc Natl Acad Sci USA 67:99-106 



 4

4. Su TS, Bock HG, O'Brien WE, Beaudet AL (1981) Cloning of cDNA for argininosuccinate 

synthetase mRNA and study of enzyme overproduction in a human cell line. J Biol Chem 

256:11826-11831 

5. Beaudet AL, Su TS, O'Brien WE, D'Eustachio PD, Barker PE, Ruddle F (1982) Dispersion of 

argininosuccinate synthetase-like human genes to multiple autosomes and the X 

chromosome. Cell 30:287-293 

6. Su TS, Beaudet AL, O'Brien WE (1983) Abnormal mRNAs for argininosuccinate synthetase 

in citrullinemia. Nature 301:533-534 

7. Spence JE, Perciaccante RG, Greig GM, Willard HF, Ledbetter DH, Hejtmancik JF, Pollack 

MS, O'Brien WE, Beaudet AL (1988) Uniparental disomy as a mechanism for human 

genetic disease. Am J Hum Genet 42:217-226 

8. Sutcliffe JS, Nakao M, Christian S, Orstavik KH, Tommerup N, Ledbetter DH, Beaudet AL 

(1994) Deletions of a differentially methylated CpG island at the SNRPN gene define a 

putative imprinting control region. Nat Genet 8:52-58 

9. Matsuura T, Sutcliffe JS, Fang P, Galjaard RJ, Jiang YH, Benton CS, Rommens JM, Beaudet 

AL (1997) De novo truncating mutations in E6-AP ubiquitin-protein ligase gene 

(UBE3A) in Angelman syndrome. Nat Genet 15:74-77 

10. Albrecht U, Sutcliffe JS, Cattanach BM, Beechey CV, Armstrong D, Eichele G, Beaudet AL 

(1997) Imprinted expression of the murine Angelman syndrome gene, Ube3a, in 

hippocampal and Purkinje neurons. Nat Genet 17:75-78 

11. Jiang YH, Sahoo T, Michaelis RC, Bercovich D, Bressler J, Kashork CD, Liu Q, Shaffer LG, 

Schroer RJ, Stockton DW, Spielman RS, Stevenson RE, Beaudet AL (2004) A mixed 



 5

epigenetic/genetic model for oligogenic inheritance of autism with a limited role for 

UBE3A. Am J Med Genet A 131:1-10 

12. Jiang YH, Bressler J, Beaudet AL (2004) Epigenetics and human disease. Annu Rev 

Genomics Hum Genet 5:479-510 

13. Cheung SW, Shaw CA, Yu W, Li J, Ou Z, Patel A, Yatsenko SA, Cooper ML, Furman P, 

Stankiewicz P, Lupski JR, Chinault AC, Beaudet AL (2005) Development and validation 

of a CGH microarray for clinical cytogenetic diagnosis. Genet Med 7:422-432 

14. Sahoo T, Cheung SW, Ward P, Darilek S, Patel A, del Gaudio D, Kang SH, Lalani SR, Li J, 

McAdoo S, Burke A, Shaw CA, Stankiewicz P, Chinault AC, Van den Veyver IB, Roa 

BB, Beaudet AL, Eng CM (2006) Prenatal diagnosis of chromosomal abnormalities using 

array-based comparative genomic hybridization. Genet Med 8:719-727 

15. Lu X, Shaw CA, Patel A, Li J, Cooper ML, Wells WR, Sullivan CM, Sahoo T, Yatsenko SA, 

Bacino CA, Stankiewicz P, Ou Z, Chinault AC, Beaudet AL, Lupski JR, Cheung SW, 

Ward PA (2007) Clinical implementation of chromosomal microarray analysis: summary 

of 2513 postnatal cases. PLoS ONE 2:e327 

 

 



Allan Award Lecture 
 

Rare patients leading to epigenetics and back to genetics 
 

Arthur L. Beaudet 
 
 
 
 
 
 

Corresponding author: 
 
Arthur L. Beaudet, M.D. 
Professor and Chair 
Department of Molecular and Human Genetics 
Baylor College of Medicine 
One Baylor Plaza, BCM225 
Houston, Tx  77030 
e-mail:  abeaudet@bcm.edu 
Tel:  (713) 798-4795 
Fax:  (713) 798-7773 

mailto:abeaudet@bcm.edu


 
 It is a great honor to receive the Allan Award today and I want 

to thank Jim Lupski for his extremely kind remarks. I am sure that 

receiving this award will always be one of the highlights of my 

academic career. 

 I started doing human and mammalian genetic research at the NIH as a summer 

student in 1966. I returned to the NIH full time as a research associate in 1969, and both 

times, I worked in the laboratory of Tom Caskey in the larger overall unit headed by 

Marshall Nirenberg. Marshall was described in a recent edition of Scentific American as 

“The Forgotten Code Cracker.”  This was an extraordinary era for the NIH with the 

military draft for the Vietnam War funneling highly competitive graduates from U.S. 

medical schools into the NIH as a way of fulfilling military obligations, while at the same 

time receiving research training in an outstanding environment.  Formalized NIH 

supported M.D./Ph.D. programs did not exist yet or I am sure that I would have enrolled 

in one of them. In one small laboratory in the NIH in my first full year, Greg Milman, Joe 

Goldstein and Ed Scolnick were present in addition to Tom Caskey.  This was an 

extraordinarily stimulating environment for someone who had minimal previous exposure 

to research.  All of these individuals had enormous impact on me and served as 

absolutely outstanding role models.   

In 1971, I moved to Baylor College of Medicine in Houston with Tom Caskey, and 

a year later initiated my own research program, and I have never been on the faculty 

anywhere else.  As you can probably tell from Jim’s introduction, the first 16 years of my 

research career were relatively lacking in focus.  While I was jumping from lysosomal 

storage disease to urea cycle disorders and numerous other genetic disorders, Mike 

Brown and Joe Goldstein, my former benchmate, had won a Nobel Prize seemingly 



before my research career had gained any traction.  Hopefully, I would be a late 

bloomer. 

It was not until 1988, when we came to understand a patient with cystic fibrosis 

and uniparental disomy that some semblance of focus on genomic imprinting and 

epigenetics took root.  Soon thereafter, Allan Bradley arrived at Baylor College of 

Medicine bringing with him the embryonic stem (ES) cell technology and homologous 

recombination that have just this month led to a Nobel Prize for Oliver Smithies, Martin 

Evans, and Mario Capecchi.  Allan Bradley and the ES cell technology had an enormous 

transforming effect on genetics at Baylor College of Medicine.  This further consolidated 

my focus on the use of mouse models to study the role of genomic imprinting and 

epigenetics in human disease.  

I am sure that all of you know the general story of uniparental disomy (UPD) now, 

but we first described the phenomenon in a teenage girl with cystic fibrosis and short 

stature at the plenary session of this meeting in 1987.  Ed Spence who is here at the 

meeting was a clinical fellow and did most of the lab work. This was the first description 

of a documented case of uniparental disomy in a human, but Eric Engel had suggested 

the potential for this phenomenon seven years earlier in 1980 in an article entitled “A 

new genetic concept:  Uniparental disomy and its potential effect, isodisomy.”1  

Obviously, we were very excited about this story, and we submitted it to Science which 

promptly declined to send it out for review.  Happily, the story ultimately found a home in 

the journal of this society.  We concluded with a comment that “uniparental disomy in an 

individual with a normal chromosome analysis is a novel mechanism for the occurrence 

of human genetic disease.”  I don’t think that we fully appreciated the fact that this 

patient had both a genetic disorder, cystic fibrosis, and an epigenetic disorder, short 

stature analogous to the Russell-Silver syndrome.  In an invited commentary, Dorothy 

Warburton, last year’s Allan Award winner, stated the following:  “It seems unlikely, then, 



that uniparental isodisomy will turn out to be anything but an interesting rarity. However, 

the demonstration of its existence is an extraordinary piece of human genetic sleuthing, 

which provokes the same admiration for the detectives and satisfaction in a carefully 

reasoned conclusion as does a good mystery novel.”  She correctly calculated that it 

would be very rare for uniparental disomy to lead to homozygosity for a recessive 

disorder, but I believe that neither we nor she appreciated at the time the potential for 

uniparental disomy to produce epigenetic phenotypes such as Prader-Willi and 

Angelman syndromes at moderately common frequencies.  In fact, in the discussion of 

our paper, we said that “the short stature might be due to either embryonic chromosomal 

mosaicism or a second recessive genetic disorder on chromosome 7” failing to focus on 

the potential role of genomic imprinting, although we did mention the findings of 

Cattanach that both maternal and paternal chromosomes were required in mice for 

normal development. The word imprinting did not appear in our publication or in Dr. 

Warburton’s commentary. 

 David Ledbetter was at Baylor College of Medicine during this interval, and he 

had described the interstitial deletions of chromosome 15q11-q13 giving rise to Prader-

Willi syndrome some 7 years earlier.2  David and I would frequently discuss the possible 

mechanisms to explain Prader-Willi syndrome in those patients who did not have 

deletions.  This led to one of two missed opportunities that I look back on with a good-

natured embarrassment.  Given the cystic fibrosis UPD experience and our interest in 

Prader-Willi syndrome, David and I should have anticipated that non-deletion cases of 

PWS could be explained by maternal UPD for chromosome 15q11-q13.  Instead we left 

this discovery to Rob Nicholls and colleagues to be described two years later in 1989.3   

 We now know that most cases of Prader-Willi syndrome are caused by paternal 

deletions of 15q11-q13 and that most cases of Angelman syndrome by maternal 

deletions of the same region.  Now some years later, it is perfectly obvious that deletion 



is a genetic form of PWS or AS while UPD is an epigenetic form of PWS or AS. If you 

could sequence the genome of a UPD patient, it would be normal and give no clue to the 

source of the phenotypic defect except the possibility of complete lack of heterozygosity 

at the nucleotide level for part or all of the chromosome. In terms of potential lessons for 

other disorders, it should be noted that almost all of these genetic and epigenetic cases 

of PWS and AS are de novo as contrasted to being inherited events.  Over the years I 

have grown to emphasize this distinction with a genetic disease being an aberration of 

nucleotide sequence causing a disease phenotype in contrast to an epigenetic disease 

which can be defined as an aberration in epigenotype (stable/heritable change in gene 

expression) causing a disease phenotype in the absence of nucleotide sequence 

aberration.  Both can lead to the same biochemical and phenotypic result through 

altered expression of the same genes.   

The Prader-Willi/Angelman region of chromosome 15 includes a bipartite 

imprinting center with a portion near the promoter for the SNRPN gene which causes 

PWS when deleted.  Another region slightly upstream from SNRPN causes AS when 

deleted.  The necdin gene is paternally expressed.  The SNRPN gene is a prominent 

player in this region with paternal expression of a bicistronic protein coding transcript.  In 

addition, the SNRPN transcript extends downstream to encompass a series of snoRNA 

genes and includes an antisense transcript for UBE3A.  We now know that Angelman 

syndrome is caused by maternal deficiency for UBE3A which functions both as an 

ubiquitin ligase and as a transcriptional coactivator.  At the end of my talk, I will comment 

on the growing evidence that paternal deficiency for the HB-II85 snoRNA cluster causes 

Prader-Willi syndrome. 

 Another humbling experience in biology which occurred in 1994 when we 

discovered that the E6-associated protein (E6-AP) was encoded by a gene in the 

PWS/AS region.  Because the E6-AP was expressed biallelically in cultured cells, we did 



not consider it a strong candidate to be involved in the etiology of Angelman syndrome.  

One of the reviewers pointed out that this was not necessarily a safe conclusion.  It was 

not until three years later that we and the group of Joe Wagstaff identified mutations in 

what was by then called the UBE3A gene as the cause of Angelman syndrome.4, 5  Had 

we simply performed mutation studies for this gene, the identity of the Angelman gene 

could have been uncovered three years earlier. 

 The main message that I would like to convey in this part of the talk is that the 

molecular bases for Angelman syndrome and PWS are extremely complex.  I talked 

earlier about the deletion cases which are genetic and de novo in origin.  In contrast the 

UPD cases are epigenetic but are also de novo in origin.  There are patients with 

imprinting defects caused by a small deletion in the imprinting center.  These patients 

have a small genetic defect which causes a larger epigenetic defect.  These imprinting 

center deletions can be inherited or de novo in origin.  Then there are patients with 

epigenetic defects where no nucleotide sequence change can be identified.  These 

appear to be entirely epigenetic in nature, and they are virtually always of de novo origin.  

There is evidence that some forms of assisted reproductive technology, such as in vitro 

fertilization and intracytoplasmic sperm injection (ICSI), rarely can cause this form of 

Angelman syndrome.  Finally, there are the patients with point mutations in UBE3A 

usually resulting in loss of function.  These families identify UBE3A as the primary gene 

in AS.  These mutations are entirely genetic, but they can be inherited or de novo.  The 

Angelman experience has taught us that epigenetic defects can give the same 

phenotype as a genetic defect, and that there can be extensive heterogeneity involving 

the molecular basis of a single phenotype.  This story of mixed genetics and epigenetics 

is similar for Prader-Willi syndrome, Beckwith-Wiedemann syndrome, and various forms 

of pseudohypoparathyroidism as caused by mutations in the GNAS complex. This 

experience with PWS and AS has led us to propose a mixed epigenetic and genetic and 



mixed de novo and inherited (MEGDI) model for these disorders.6   In the case of 

Angelman syndrome, a single gene is primarily involved with all possible mechanisms 

contributing to particular cases.  One can easily imagine a MEGDI model for an 

oligogenic phenotype. 

 At about the same time that the UBE3A gene was implicated in Angelman 

syndrome, Ed Cook and colleagues published a report entitled “Autism or atypical 

autism in maternally but not paternally derived proximal 15q duplication.”7  This report 

shouted at us that we should investigate the role of the PWS/AS domain in autism.  We 

identified a family from the Autism Genetic Resource Exchange (AGRE) collection with 

the type of duplication described by Cook, et al. and the data for a short tandem repeat 

in the PWS/AS region showed that two autistic sons inherited three alleles for the 

marker.  Their father was normal and transmitted opposite alleles to his sons.  The 

mother also had the duplication with two allele sizes on one chromosome and one allele 

size on the other.  She transmitted the duplication chromosome to each of her sons.  

The inheritance of the duplication was confirmed by FISH studies. Pulsed field gel 

analysis using a methylation sensitive restriction enzyme and a probe from the PWS/AS 

domain for Southern blotting confirmed that the duplication was on the paternal 

chromosome in the mother and on the maternal chromosome in the autistic sons. 

 I would like to turn to autism in some greater detail.  I don’t need to define autism 

for this audience. It is the social and behavioral disabilities that distinguish autism. I 

believe it is useful to divide the autism patient population into two groups: Those with 

dysmorphic features and mental retardation and those who are nondysmorphic and 

higher functioning.  This can be very important because some experts in the field will 

exclude the dysmorphic group from a study population while others will study a group 

comprised largely of dysmorphic cases. The concordance rate for monozygous twins is 

very high and the concordance rate for dizygous twins substantially lower.  The sibling 



recurrence risk has been reported to be relatively low in the past, but there is some 

reexamination of this question with the possibility of a somewhat higher sibling 

recurrence risk with 5% perhaps being the lower end of estimates and 10% being the 

upper end.  The overall sex ratio for autism is 4:1 male to female, but the sex ratio is 

substantially higher and perhaps in the range of 8:1 in the nondysmorphic high 

functioning group.  As I have just mentioned, there is evidence that genomic imprinting is 

important in cases where duplications of the Prader-Willi/Angelman domain are involved.  

The Rett gene, MECP2, with its effects on chromatin modification is implicated in some 

cases of autism. There is the intriguing question of whether autism is truly increasing in 

frequency.   

 Turning for a moment to the MZ/DZ twin story, the concordance in MZ twins is 

reported to be 60 - 90% depending upon whether one uses a broader or narrower 

definition of the phenotype.  The concordance in DZ twins is remarkably low.  Perhaps it 

should be emphasized that these have been very small studies and that a much larger 

twin study is currently in progress.  However, I want to specifically address the issue of a 

very high concordance in MZ twins but a low concordance in DZ twins, as this has been 

argued to perhaps be best explained by a large number of loci contributing to the 

causation of autism.  I want to emphasize that if one has a phenotype caused by new 

mutation, and if the reproductive fitness of the affected individuals is low, one will 

observe a very high concordance of 100% in MZ twins and a low or very low 

concordance in DZ twins.  Down syndrome caused by trisomy 21 is an excellent 

example of this principle.  If one considers new mutation cases of achondroplasia or Rett 

syndrome in females, again there is a concordance of presumably 100% in MZ twins 

and a very low concordance in DZ twins.  For virtually all of the forms of autism for which 

we identify genetic abnormalities, the expected concordance in MZ wins would be 100%.  

The concordance in DZ twins might be extremely low as in the case of de novo genomic 



deletions, or be higher as in the case of heritable single gene disorders such as fragile X 

syndrome.  We could speculate about the possibility of concordance in MZ and DZ twins 

for de novo epigenetic defects such UPD that I discussed as causing Angelman 

syndrome.  If these arose prior to the timing of MZ twinning, and if the change were 

relatively stable, one could envision very high concordance in MZ twins and low 

concordance in DZ twins once again. 

Heritability is often estimated based on concordance in MZ twins or on sibling 

recurrence risk. In the case of de novo events causing a phenotype, the MZ 

concordance will be very high but the sibling recurrence risk may be very low. I think that 

it is clear that phenotypes such as trisomy 21 and deletion cases of PWS and AS can be 

highly heritable but not inherited if reproductive fitness is very low and new mutations or 

new epimutations are common. So how does this thinking fit with usual definitions of 

heritability?  Heritability is traditionally defined as that proportion of the observed 

variation in a particular phenotype and in a particular study that can be attributed to the 

contribution of genotype (inheritance).  By this definition, trisomy 21 and females with 

Rett syndrome would have a heritability of 1.  Traditional definitions of heritability give 

little or no attention to epigenetics.  Epimutations might be erased and reset in the next 

generation or they may be inherited in a semi-stable fashion as has been shown in mice 

by the group of Emma Whitelaw.8  Perhaps in the future we will need to distinguish 

genetic heritability from epigenetic heritability. 

 I would like to return now to the distinction between the two autism groups of 

dysmorphic with mental retardation and nondysmorphic with higher functioning.  These 

are not absolute distinctions, but I believe that the majority of patients can be assigned 

to one or the other group.  For the dysmorphic group, there is a high frequency of 

genetic abnormalities and genomic deletions and duplications are now being recognized 

with much greater frequency.9, 10   Most of the genetic abnormalities causing dysmorphic 



autism involve autosomal abnormalities and the male:female sex ratio is only slightly 

higher than 1:1,11 although there is some male bias for genes on the X chromosome.  

For the nondysmorphic and high functioning group, the frequency with which genetic 

abnormalities can be identified is substantially lower, at least at the present time.  The 

sex ratio for this nondysmorphic and higher functioning group is more extreme with 

perhaps approximately an 8:1 male to female ratio.  Thus, we are left with a relatively 

large group of autism patients of unknown etiology, the majority of whom are male, 

nondysmorphic, and higher functioning.12 It seems to me at this time that as much as 30-

50% of autism might be caused by point mutations and single gene disorders (e.g., 

tuberous sclerosis and fragile X syndrome) and chromosomal abnormalities such as 

duplications of 15q11-q13, sex aneuploidy, and many de novo deletions and 

duplications.  In the single gene category, there is now an increasing number of genes 

encoding proteins that function at the synapse such as neuroligin 4 (NLGN4X) and 

SHANK3 joining the likes of fragile X syndrome, Rett syndrome, and tuberous sclerosis.  

For the unknown group that might be 50 - 60% of the patients, I believe that the etiology 

is almost completely unknown.  One can imagine that the great majority of these 

individuals will turn out to have genetic disorders with many genes contributing to the 

phenotype in a single patient in what has been described as a multilocus epistatic 

model.13  I would like to think that epigenetic abnormalities are a consideration.  

Environmental factors could play an important role.   

 The recognition that many patients with autism have de novo genomic deletions 

or duplications is not a new finding, although the magnitude of this etiology has greatly 

increased in awareness during the past year.  As nicely reviewed by Vorstman, et al. in 

2006,14 deletions and duplications have been observed for virtually every human 

chromosome.  Duplications of chromosome 15q11-q13 are the most frequent findings 

with the telomeres of chromosomes 2q and 22q also being prominently involved.  During 



the past year, two publications have greatly increased the awareness of the potential for 

a much higher frequency of these abnormalities contributing to autism.  A paper by 

Jacquemont et al.9 found deletions or duplications in 27% of 29 patients with syndromic 

autism.  Sebat, et al.10 found de novo deletions or duplications in 10% of simplex cases 

and 1% of controls.  These papers have led to a substantial upward revision of the 

percentage of cases of autism with de novo genomic abnormalities.  In addition, we 

know that the screening for copy number abnormalities to date is relatively crude and 

may only have detected a small fraction of the total of such mutations.  The photographs 

in the supplemental materials of the publication by Jacquemont et al.9 typify the 

dysmorphic phenotypes seen with autism and mental retardation.  These investigators 

found 28% of patients having de novo mutations as contrasted to 10% for Sebat, et al.10  

The patients with genomic abnormalities have mostly new mutations, and the 

male:female ratio is closer to 1:1 than for the rest of the autism population. Because 

heterozygous deletions of genes can cause autism (e.g., SHANK3), it seems assured 

that there will be point mutations causing autism for many of these same genes. The 

probability that de novo point mutations might also be very important in the etiology of 

autism is suggested by the evidence of an advanced paternal age effect in autism.  

Earlier reports appear to be substantiated by a more recent study indicating an 

approximately 6 fold increase in the risk of autism for men over 40 years of age, and one 

could even imagine a unique mutation contributing to a significant fraction of autism as 

occurs for achondroplasia and progeria.   

 Attempting to specify what proportion of autism patients have a particular etiology 

is heavily dependent on whether patients with dysmorphic features and mental 

retardation are included or excluded from consideration. In my view, the various 

collections of autism patients differ dramatically in their selection bias.  In a genetic clinic 

series and in the type of patients reported by Jacquemont, et al.,9 there is an under 



ascertainment of patients who are nondysmorphic and higher functioning.  On the other 

hand, in the child psychiatry clinic or in a series such as the AGRE collection, there is an 

under ascertainment and even intentional exclusion of patients with dysmorphic features 

and mental retardation.  This leads to a very high frequency of genetic abnormalities in 

the dysmorphic series and a relatively lower detection of abnormalities in the 

nondysmorphic series.   

 For some time now, my laboratory has been in engaged in a search for 

epigenetic causes of autism.  We have focused on analysis of autopsy brain because of 

the possibility that epigenetic abnormalities might be brain specific.  Although we have 

found one autism brain sample with a DNA methylation abnormality at the 5′-end of the 

UBE3A gene,6 we have not found epigenetic abnormalities at a substantial frequency up 

to the present.  However, it is only recently that we have put the methods in place to 

systematically search across the genome for epigenetic abnormalities in autism brain as 

compared to control brain.  Chromatin immunoprecipitation analyzed by arrays (ChIP-

chip) is proving to be a powerful tool with which we can detect known abnormalities of 

chromatin structure in PWS or AS brain compared to control brain.  Similarly, the 

differences of DNA methylation between PWS or AS and control brain can be 

demonstrated using genome-wide methods. We consider this to be a proof of feasibility 

indicating that the methodology is in hand to discover striking epigenetic defects in brain 

from autism, schizophrenia, or bipolar disorder patients if such abnormalities occur and 

represent a significant fraction of the pathogenesis. 

 In my title for this talk, I referred to coming back to genetics.   Routine clinical 

laboratory studies using array CGH were performed on a patient who was thought to 

have Prader-Willi syndrome, but previous laboratory studies were normal, including 

deletion analysis and methylation analysis.  The patient was described in much greater 

detail by Dr. Trilochan Sahoo this morning.  Array CGH using a BAC array showed a 



relatively subtle loss of copy number for one clone in the PWS/AS region.  FISH studies 

with this BAC showed the possibility of a weaker signal for one chromosome, but there 

was not a complete deletion of the BAC.  Methylation studies were confirmed to be 

normal.  When DNA from this patient was analyzed with a chromosome 15 custom 44K 

Agilent array, there was precise definition of a deletion that removes the entire HBII-85 

snoRNA cluster and about half of the HBII-52 snoRNA cluster (unpublished data).  From 

previous translocation and deletion cases, there had been moderately compelling 

evidence that the PWS phenotype might be caused by paternal deficiency for the HBII-

85 cluster of snoRNA genes. We believe that this single patient with a unique genetic 

lesion greatly adds to the evidence that PWS is caused by paternal deficiency for the 

HBII-85 cluster of snoRNAs. Thus, as previously suggested by Uta Francke and her 

colleagues, the evidence is now stronger than ever that the PWS phenotype is caused 

by paternal deficiency for the HBII-85 snoRNA cluster.  As of the moment, there is no 

solid understanding of the possible function of the HBII-85 snoRNAs, and this remains 

an important subject for future investigation.   

 I would like to conclude by thanking the numerous people who have worked in 

my laboratory or collaborated with us over the last 3 ½ decades.  I might especially 

mention William O’Brien who collaborated with me in many of the earlier years and 

Brendan Lee and Huda Zoghbi, both of whom spent time in my laboratory as K 

awardees.   With junior colleagues such as these, one is bound to enjoy some 

successes.  Again, I would like to thank Jim Lupski for his most kind introduction and 

ongoing interactions. 
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