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Abstract

DNA methylation is a usual epigenetic signaling tool used to control gene expression in eukaryotic cells. Cells use this tool to lock 
genes and disarrange them. DNA methylation has been observed to play an essential role in cell differentiation, the origin, growth 
and development of an embryo and last but not the least gene expression. Depending on the cell type DNA methylation near the 
specific promoters differs substantially. In an interestingly coordinated process, proteins that bind to methylated DNA also form 
complexes with the proteins involved in deacetylation of histones. Therefore, when DNA is methylated, nearby histones are deacety-
lated, leading to magnified inhibitory effects on transcription. Likewise, demethylated DNA does not attract deacetylating enzymes 
to the histones, permitting them to stay acetylated and more ambulatory, thus promoting transcription. Errors in this DNA methyla-
tion process which plays a critical role in cell differentiation and gene expression can bring about catastrophic outcomes, including 
various diseases such as autism spectrum disorder (ASD), Fragile X syndrome, Praderwilli syndrome and engelmann’s syndrome.
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Introduction

Cytosine DNA methylation is a heritable epigenetic modification. It involves cellular functions including tissue-specific gene expres-
sion, cell differentiation, development, and reprogramming Most DNA methylation studies have been performed on a gene-by-gene basis. 

Recent estimates of the prevalence of ASD are one in 59 individuals in the United States. 

Fragile X syndrome (FXS; OMIM #300624) is the most common monogenic cause of inherited intellectual disability (ID). 

In most FXS patients, the FMR1 gene is epigenetically inactivated which binds mRNAs, mainly in the brain. Altered DNA methylation, 
play a role in autism in the association of Prader Willi syndrome, an imprinting disorder with autistic features. Autism spectrum disorder 
(ASD) is a complex neurodevelopment disorder characterized by deficits in communication. The prevalence of ASD among 8-year-old US 
children to be 1 in 68. Autism spectrum disorder (ASD) is a pervasive neurodevelopment disorder characterized by difficulties in social 
interaction, language development delays, repeated body movements, and markedly deteriorated activities and interests. Inherited mu-
tations in gene ACTL6B lead to Autism. Most commonly, mutations are caused due to duplications in 15q11-q13 and deletions in 2q37. 
Autism is highly prevalent in individuals with fragile x syndrome. the FMR1 gene can affect the expression of several genes involved in 
autism development.

History

Epigenetics is the study of heritable phenotype changes that do not involve alterations in the DNA sequence, by which a fertilized zy-
gote developed into a mature, complex organism. DNA is the same in all cells of an organism. 

It is a type of post-reproduction adjustment that frequently occurs in cytosines of the CpG dinucleotide arrangement with the help 
of DNA methyltransferases (DNMTs), which transfer a methyl group from S-adenyl methionine to the fifth carbon of a cytosine residue to 
form 5-methylcytosine (5 mC). In spite of the efforts to clear up their causes, the hidden molecular mechanisms continue puzzling. It is 
observed that the pathogenesis changes on chromatin and chromatin-modifying enzymes, can grant to a persistent metabolic phenotype. 
A group of 12 diseases with clinical characteristics, epigenetic patterns have been shown to affect growth, development, and metabolism 

Epigenetic machinery of DNA methylation is neurological dysfunction and, in particular, intellectual disability appears to be a com-
mon phenotype in patients. Dynamics and reprogramming of DNA methylation a hot spot for mutation accumulation DNA methylation 
is dynamic epigenetic modification found in most eukaryotic genomes. Understanding the rate of germ line mutation occurrence and the 
mechanisms that control it, particularly in humans, is of great importance to finding causes of heritable diseases and evidence for evolu-
tion ASD is co morbid with other disorders including epilepsy, Rett syndrome, and Fragile X syndrome. The degree of variation in ASD 
phenotype caused by genetic variation has been estimated at between 40 and 90%.

How do epimutations contribute to the molecular pathogenesis of autism spectrum disorder? Genetic alterations do not explain the 
etiology of an elevated number of ASD cases. Recent research is now focusing on the role of environmental/epigenetic factors, which by 
themselves and/or in combination with classical genetic factors, maybe the root cause of a large number of ASDs. What causes abnor-
mal DNA methylation? DNA methylation dynamics is not known clearly. Enzymatic kinetics and metabolic reactions play a role. DNA 
methylations, such as chromatin modifiers, are known to modulate DNA methylation. The amazing effects of these dynamics are yet to 
be determined. Several environmental influence DNA methylation in mammals. In mice, supplementation of maternal diet with methyl-
donor precursors is capable of increasing the methylation in the agouti locus and altering the coat color in offspring, which provides direct 
experimental evidence that environmental factors can have lasting effects on DNA methylation of offspring. In humans, in utero exposure 
to environmental burdens including organic pollutants, tobacco, alcohol, obesity, asthma, and maternal stress and care have been shown 
to impact DNA methylation of offspring.
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Fragile x syndrome

Fragile X syndrome (FXS) is the most common known cause of inherited intellectual disability It is a genetic condition that causes a 
range of developmental problems including learning disabilities and cognitive impairment.

Incidence: 

1 in 3600 to 4000 males 1 in 4000 to 6000 females.

Inheritance 

It is an x-linked dominant disorder. Usually, males are more severely affected by this disorder than females. When the mother is a 
carrier of fragile x chromosome each child has 50% chance of inheritance. Since females have two x chromosomes they are less severely 
affected. 

It is a genetic disorder in which the development of individuals is affected mainly behavior and learning abilities. It can also affect an 
individual’s communication skills, physical appearance, sensitivity to light, noise and other sensory information too. It is the most com-
mon cause of inherited intellectual and developmental disability People with fragile x syndrome do not have much noticeable symptoms 
sometimes, and sometimes can have serious symptoms which might range from simple learning difficulties to cognitive and behavioral 
problems also. Fragile X syndrome can be caused by mutation in the gene FMR1 which is found on X chromosome. This mutation affects 
the individual’s body on how it makes Fragile X Mental retardation protein (FMRP). Individuals with Fragile X can have intellectual prob-
lems and functioning that might affect individual’s ability to think reason and learn. Physical signs such as narrow face, large ears and 
head, joint flexibility, flat feet and forehead prominence. Behavioral, social and also emotional problems can be present along with speech 
and language impairment.

Autistic spectrum disorder (ASD)

Autism is a complex developmental disability that includes problems with communication and behavior appearing during childhood. 
It is a multifactorial disorder Caused due to interaction of genetic and environmental factors. Mutations implicated in Autism are sponta-
neous or de novo mutations which are not inherited.

The onset of autism is usually before age 3 years; in most cases, in the first years of life where developmental problems are evi-
dent. The social problems of autism children are severe and present persistently. Some children with autism may have speech which is 
remarkable for echoed language (echolalia), problems with usage of pronouns, idiosyncratic use of words and sentences, and problems 
with prosody of speech and maintaining the speech rhythm. Stereotyped behaviors and sometimes movements, unusual responses to the 
environment are present frequently. 

Research studies have revealed specific genetic causes for cases as well as a some candidate genes and chromosomal regions indi-
cated across multiple autism studies, which include chromosomes 2q, 7q, 15q, 17q, 11.ASDs  is recognized to be neurodevelopmental 
disorders, with differences beginning early in childhood. Decreased numbers of Purkinje cells and granule cells in the cerebellum have 
been described. Children with Asperger’s disorder do not come to attention until they join preschool due to preserved language relative 
to adults. Children with autism and associated conditions often make major developmental gains and improvements in the elementary 
school years particularly if they receive early interventions. Early identification and intensive treatment can help the child attain good 
improvement. 

Prader-willi syndrome (PWS)
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•	 Prader-Willi Syndrome is a non- inherited genetic disorder that causes obesity and intellectual disability.

•	 It occurs as the result of absence of expression of paternal genes from chromosome 15q11.2-q13.

•	 Normally, individuals inherit one copy of chromosome 15 from each parent.

•	 Some genes are active only on the paternally inherited copy.This parent specific gene activation is caused by genome imprinting.

•	 Most cases of Prader Willi syndrome are and due to random events during the formation of egg or sperm cells or in early fetal 
development.

•	 This is usually the case when PWS is caused by a deletion in the paternal chromosome 15, or by maternal Uniparental disomy.

•	 Loss of particular group of sno RNA genes (SNORD116 cluster) play an important role in causing the signs and symptoms of 
Prader-Willi syndrome.

•	 In some cases, loss of gene OCA2 is associated with unusual fair skin and light coloured hair. 

Incidence

•	 1 in 20,000 live births.

Clinical features

•	 Mental retardation

•	 Hypotonia

•	 Profound Hypophagia

•	 Small hands and feet

•	 Hypogonadism

•	 Chronic feeling of hunger.

Complications in PWS if present may adversely affect morbidity and mortality, such as obesity, heart failure and diabetes. If left un-
treated or unresolved, it can shorten the life expectancy of the individual. Death typically occurs in the fourth decade of life with a mean 
age of females being 31 years and 29 years in males; but if weight is controlled, then PWS adults may have an extended life up to seventh 
decade or beyond.

Camurati engelmann’s syndrome (CES)

It is a skeletal condition that is characterized by abnormally thick bones (hyperostosis) in skull, arms and legs. The limb bones may 
lead to pain due to thickness and muscle weakness in the upper limbs and lower limbs because of which these individuals get tired quick-
ly. Bone pain may be mild to severe and can increase with excessive stress, activities, or even cold temperatures. Lower limb weakness 
can cause difficulties in standing up from a sitting position and some individuals may develop unsteady gait. Additional limb abnormali-
ties may be joint abnormalities, knock knees, and flat feet (pesplanus). Swelling and redness of the limbs and abnormal curvatures of the 
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spine can also be present. Individuals with this disease have a thick skull, which can lead to macrocephaly and bigger size of mandible, 
frontal bossing, and ocular proptosis. These changes to the head and face become more prominent as age progresses and are noticed more 
in affected adults. Mutations in the TGFB1 gene cause Camurati-Engelmann disease. The TGFB1 gene provides instructions for produc-
tion of the factor transforming growth factor beta-1 (TGFß-1). The TGFß-1 protein assists in triggering chemical signals which regulate 
various cellular activities like proliferation of cells, maturation of cells to carry out specific functions like differentiation, cell motility, and 
controlled cell death (i.e., apoptosis). This abnormal activity of TGFß-1 protein causes increase in signaling, which leads to more bone 
formation because of which the bones in the arms, legs, and skull are thicker than usual, which contributes to the movement disorders and 
neurological problems in individuals with Camurati-Engelmann disease.

Angelman syndrome

Angelman syndrome (AS) affects approximately around 1 in 15,000 individuals and characterized by dysfunction in motor abilities, 
intellectual disability, seizures, hyperactivity, speech impairment.

Developmental delay in individuals with this syndrome is usually seen in the first year of life. Less impairment in Receptive language is 
observed. Seizures may occur in more than 80% of patients and onset may be usually before 3 years of age. Movement disorders include 
ataxia, tremors and jerkiness. The characteristic features of AS include mouthing of objects, happy demeanor with easily provoked laugh-
ing spells, attraction towards water, hyperactive behavior and altered sleep pattern with disturbed sleep.

 Severe Language impairment is observed. In many cases, appropriate use of one or two words in a consistent manner is rare. It is ob-
served that receptive language skills are always more advanced than expressive language skills.

Recent advances in diagnostic technology and breakthrough treatments 

Fragile X syndrome

Laboratory Tests: DNA studies are used to test Fragile X Syndrome. Examination of the size of the trinucleotides repeat segment and 
the methylation status of the FMR1 gene can determine if an individual is at risk or a carrier of this mutation. The Fragile X Mental Re-
tardation - 1 gene test was introduced in 1991 and is still the most accurate test for detecting Fragile X Syndrome. Other available test 
includes chromosome test used in most labs for a variety of diagnostic purposes. Current Treatment: there is currently still no cure Fragile 
X syndrome though FRAXA Research Foundation is working to find specific treatments and ultimately a cure for Fragile X.

Autism spectrum disorder

Laboratory tests

There is no specific medical test, like blood test, to diagnose ASD making it difficult to detect at an early age. Doctors have to search 
through the child’s developmental history and behavior to make the diagnosis. As published by the Australian Journal for Pharmacy on 
March 17, 2017 stated that “A new blood test can determine if a child is on the autism spectrum with 96% accuracy and might allow for 
diagnosis under the age of two.” In a new study conducted by Juergen Hahn and Daniel Howsmon of Rensselaer Polytechnic Institute, 
New York, and colleagues presented a method to identify a child as being on the autism spectrum disorder based on blood samples with 
concentrations of specific substances. These substances known as the Folate-dependent one-carbon (FOCM) metabolism and transulfura-
tion (TS)are produced by metabolic processes, both of which are either increased or decreased in children with autism. The scientist col-
lected blood sample data at the Arkansas Children’s Hospital, from 83 children with Autism and 76 neurotypical children, all between 3 
and 10 years old. Current Treatment: it would benefit people with ASD to receive treatment, regardless of age or when they are diagnosed. 
People who get proper treatment like therapies and interventions often shows a lot of improvements despite of their age or level of abil-



Citation: MV Raghavendra Rao., et al. “The Anomalous DNA Methylation Patterns in Autism Spectrum Disorder (ASD), Prader Willi 
Syndrome, Fragile X Syndrome, and Angelman’s Syndrome”. EC Neurology 14.1 (2022): 01-09.

The Anomalous DNA Methylation Patterns in Autism Spectrum Disorder (ASD), Prader Willi Syndrome, Fragile X Syndrome, and 
Angelman’s Syndrome

06

ity. Currently, there is no one standard treatment for autism spectrum disorder (ASD). Behavioral management therapy Cognitive behav-
ior therapy Early intervention Educational and school-based therapies Joint attention therapy Medication treatment Nutritional therapy 
Occupational therapy Parent-mediated therapy Physical therapy Social skills training Speech-language therapy. 

Prader willi syndrome

Laboratory tests: The diagnosis is confirmed by a blood test called “methylation analysis,” and is the preferred method of testing which 
detects >99% of cases, including all of the major genetic subtypes of PWS (deletion, uniparental disomy, or imprinting mutation). Treat-
ment: there is currently no cure for PWS. The lives of people with PWS can be improved with an early diagnosis and careful management 
of symptoms together with more effective therapies. The treatment of PWS is currently based on treating the symptoms of the disorder 
as they arise. 

Camurati-engelmann syndrome

Laboratory tests: Diagnosis of Camurati-Engelmann disease  is through physical examination and radiographic findings and can be 
confirmed by molecular genetic testing. Known to be associated with Camurati-Engelmann disease is the geneTGFB1. Treatment: To man-
age the pain caused by the thickening of the bones, individuals may be treated with corticosteroids, and non-steroidal anti-inflammatory 
drugs (NSAIDs). 

Corticosteroids have shown to be beneficial for the affected individuals. Although corticosteroids help to improve walking, it does 
has side long term side effects including high blood sugar, increased risk of infections, and suppressed adrenal hormone production. 
Losartan has been the medication of choice to help reduce limb pain and increase muscle strength in some cases. Some individuals have 
complained of hearing problems caused by the thickening of the bones of the base of the skull, this is treated by decompression surgery 
in which a small piece of the base of the skull is removed. This procedure however can result in an increased risk of complications as well 
as the possibility for bone to re-grow after the surgery. 

Angel man syndrome

Syndrome is  genetic condition caused by problems of  a  gene  called  UBE3A  on  chromosome. Normally, people inherit one copy 
of the UBE3A gene from each parent but only one copy will be active and that is usually the maternal copy. This specific gene activation 
from a specific parent is called Genomic imprinting. In most cases, the child’s maternal copy of the UBE3A gene is lost or damaged because 
of a chromosomal change or a gene mutation. This means the child will have no active copies of the gene in any part of the brain. 

Angel man syndrome laboratory tests

Blood test is performed to come to a definitive diagnosis. The genetic test performed can help identify any abnormalities in you’re the 
child’s chromosomes that can indicate Angelman syndrome. A Parental DNA pattern testing, known as a DNA methylation test, can also be 
performed to screens for three of the four known genetic abnormalities that cause Angelman syndrome. Treatment: There is no specific 
therapy for Angelman syndrome at this time. The best treatment is based on the symptoms like giving medications to minimize seizures, 
anxiety, and gastrointestinal issues and maximize sleep through therapy.

Future directions and challenges

The key novel findings were that analysis in infants was predictive of intellectual functioning and autism features when they become 
children affected with FXS. This has the potential to open new avenues for detection of FXS FM alleles in newborn blood spots in both 
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sexes and for prognostic testing in newborns and children as they develop sequencing and detection of DNA modifications have made 
methylation-dependent regulation of transcription an attractive hypothesis for being a causative factor in autism spectrum disorder 
(ASD), Prader Willi syndrome, Fragile X syndrome, Camurati Engelmann’s Syndrome and Angelman Syndrome etiology in newborns and 
children as they develop. 

Conclusion

An opinion arrived at through a process of reasoning

Stable and plastic epigenetic regulation might help researchers to understand the molecular basis of heritable and non-heritable fac-
tors, but we still need a considerable effort to get as much evidence as possible on the evolutionary bases of the epigenetic phenomenon. 
DNA methylation is an essential epigenetic modification for mammalian embryonic development. The DNA methylation pattern across 
the genome, together with other epigenetic signals, is responsible for the transcriptional process of a cell and helps in preservation of the 
cell’s identity. Environmental factors can influence DNA methylation in mammals. Organic pollutants, tobacco, alcohol, obesity, asthma, 
and maternal stress and care have an impact on DNA methylation. Fragile X syndrome, Autistic spectrum disorders, Prader Willi syn-
drome and Engelmann syndrome are some of the genetic diseases in which DNA methylation is affected. Specific treatments and cure is 
not available for these genetic diseases but interventions to improve lifestyle and behavioral modifications are available to improve the 
quality of life. Interventions for behavioral modification include Cognitive behavioral therapy; Parent mediated therapy, Social skills train-
ing, and Speech and language therapy [1-48].

Bibliography

1.	 M Weber JJ., et al. “Chromosome-wide and promoter-specific analyses identify sites of differential DNA methylation in normal and 
transformed human cells”. Nature Genetics 37.8 (2005): 853-862.

2.	 K. B. Dobbs., et al. “Dynamics of DNA methylation during early development of the preimplantation bovine embryo”. PLoS ONE 8.6 
(2013): e66230.

3.	 Cristina Pérez., et al. “Aberrant DNA methylation profile of chronic and transformed classic Philadelphia-negative myeloproliferative 
neoplasms, Chronic Myeloproliferative Disorders”. (2013). 

4.	 American Psychiatric Association. “Diagnostic and Statistical Manual of Mental Disorders: DSM-5. Washington, DC”. American Psychi-
atric Association (2013).

5.	 Baio J., et al. “Prevalence of autism spectrum disorder among children aged 8 years—Autism and Developmental Disabilities Monitor-
ing Network, 11 sites, United States, 2014”. MMWR. Surveillance summaries 67 (2018): 1-23.

6.	 Willsey AJ and State MW. “Autism spectrum disorders: from genes to neurobiology”. Current Opinion in Neurobiology 30 (2015):92-99.

7.	 De Rubeis S., et al. “Synaptic, transcriptional and chromatin genes disrupted in autism”. Nature 515 (2014): 209-215.

8.	 Willemsen R., et al. “CGG repeat in the FMR1 gene: Size matters”. Clinical Genetics 80 (2011): 214-225. 

9.	 Hunter., et al. “Epidemiology of fragile X syndrome: A systematic review and meta-analysis”. American Journal of Medical Genetics Part 
A 164 (2014): 1648-1658.

10.	 Veronica Nobile., et al. “DNA Methylation, Mechanisms of FMR1 Inactivation and Therapeutic Perspectives for Fragile X Syndrome”. 
Biomolecules11 (2021): 296. 

https://pubmed.ncbi.nlm.nih.gov/16007088/
https://pubmed.ncbi.nlm.nih.gov/16007088/
https://pubmed.ncbi.nlm.nih.gov/23799080/
https://pubmed.ncbi.nlm.nih.gov/23799080/
file:///F:/Not%20Uploaded/ECNE/ECNE-21-RW-244/Aberrant%20DNA%20methylation%20profile%20of%20chronic%20and%20transformed%20classic%20Philadelphia-negative%20myeloproliferative%20neoplasms,%20Chronic%20Myeloproliferative%20Disorders
file:///F:/Not%20Uploaded/ECNE/ECNE-21-RW-244/Aberrant%20DNA%20methylation%20profile%20of%20chronic%20and%20transformed%20classic%20Philadelphia-negative%20myeloproliferative%20neoplasms,%20Chronic%20Myeloproliferative%20Disorders
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3777342/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3777342/
https://pubmed.ncbi.nlm.nih.gov/29701730/
https://pubmed.ncbi.nlm.nih.gov/29701730/
https://pubmed.ncbi.nlm.nih.gov/25464374/
https://www.nature.com/articles/nature13772
https://pubmed.ncbi.nlm.nih.gov/21651511/
https://pubmed.ncbi.nlm.nih.gov/24700618/
https://pubmed.ncbi.nlm.nih.gov/24700618/
https://pubmed.ncbi.nlm.nih.gov/33669384/
https://pubmed.ncbi.nlm.nih.gov/33669384/


Citation: MV Raghavendra Rao., et al. “The Anomalous DNA Methylation Patterns in Autism Spectrum Disorder (ASD), Prader Willi 
Syndrome, Fragile X Syndrome, and Angelman’s Syndrome”. EC Neurology 14.1 (2022): 01-09.

The Anomalous DNA Methylation Patterns in Autism Spectrum Disorder (ASD), Prader Willi Syndrome, Fragile X Syndrome, and 
Angelman’s Syndrome

08

11.	 Jason I Feinberg., et al. “Paternal sperm DNA methylation associated with early signs of autism risk in an autism-enriched cohort”. 
International Journal of Epidemiology 44.4 (2015): 1199-1210.

12.	 King BH., et al. “Update on diagnostic classification in autism Current opinion in psychiatry”. 27.2 (2014): 105-109.

13.	 CDC. “Prevalence of autism spectrum disorder among children aged 8 years - Autism and Developmental Disabilities Monitoring 
Network, 11 sites, USA”. 2010 MMWR Surveillance Summaries 63 (2014): 1-21

14.	 Baio J., et al. “Prevalence of autism spectrum disorder among children aged 8 years—autism and developmental disabilities monitor-
ing network, 11 sites, United States”. Morbidity and Mortality Weekly Report (MMWR) 67 (2018):1-23.

15.	 Sang Hoon Yoon Joonhyuk Choi., et al. “Genetic and Epigenetic Etiology Underlying Autism Spectrum Disorder”. Journal of Clinical 
Medicine 9.4 (2020): 966.

16.	 Jaenisch R and Bird A. “Epigenetic regulation of gene expression:how the genome integrates intrinsic and environmental signals”. 
Nature Genetics 33 (2003): 245-254.

17.	 Moore LD., et al. “DNA methylation and its basic function”. Neuropsychopharmacologys 38.1 (2013): 23-38.

18.	 Kohli RM and Zhang Y. “TET enzymes, TDG and the dynamics of DNA demethylation”. Nature  502.7472 (2013): 472-479.

19.	 Ciccone DN., et al. “KDM1B is a histone H3K4 demethylase required to establish maternal genomic imprints”. Nature 461 (2009): 
415-418.

20.	 Livingstone C and Borai, A. “Insulin-like growth factor-II: its role in metabolic and endocrine disease”. Clinical Endocrinology 80 
(2014): 773-781.

21.	 Schönherr, N., et al. “(Epi)mutations in 11p15 significantly contribute to Silver-Russell syndrome: but are they generally involved in 
growth retardation?”. European Journal of Medical Genetics 49 (2006): 414-418.

22.	 Prickett A R., et al. “Genome-wide methylation analysis in Silver-Russell syndrome patients”. Human Genetics 134 (2015): 317-332.

23.	 Wakeling E L., et al. “Diagnosis and management of Silver-Russell syndrome: a first international consensus statement”. Nature Re-
views Endocrinology 13 (2017): 105-124.

24.	 Yijia Zhou., et al. “The Impact of DNA Methylation Dynamics on the Mutation Rate During Human Germline Development”. G3 
Genes|Genomes|Genetics 10.9 (2020): 3337-3346.

25.	 Chen CQ., et al  “Contrasting Determinants of Mutation Rates in Germline and Soma”. Genetics 207 (2017): 255-267.

26.	 Yuk Jing Loke., et al. “The role of epigenetic change in autism spectrum disorders”. Frontiers in Neurology 26 (2015).

27.	 Hallmayer J., et al. “Genetic heritability and shared environmental factors among twin pairs with autism”. Archives Of General Psychia-
try 68 (2011): 1095-1102. 

28.	 Goldani AA., et al. “Biomarkers in autism”. Frontiers Psychiatry 5 (2014): 100.

29.	 Berg JM and Geschwind DH. “Autism genetics: searching for specificity and convergence”. Genome Biology 13 (2012): 247.

30.	 Weaver IC., et al. “Epigenetic programming by maternal behavior”. Nature Neuroscience 7 (2004): 847-854.

31.	 Dolinoy DC., et al. “Maternal nutrient supplementation counteracts bisphenol A-induced DNA hypomethylation in early develop-
ment”. PNAS 104 (2007): 13056-13061.

https://pubmed.ncbi.nlm.nih.gov/25878217/
https://pubmed.ncbi.nlm.nih.gov/25878217/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4929984/
https://www.cdc.gov/mmwr/volumes/69/ss/ss6904a1.htm
https://www.cdc.gov/mmwr/volumes/69/ss/ss6904a1.htm
https://www.cdc.gov/mmwr/volumes/67/ss/ss6706a1.htm
https://www.cdc.gov/mmwr/volumes/67/ss/ss6706a1.htm
https://pubmed.ncbi.nlm.nih.gov/32244359/
https://pubmed.ncbi.nlm.nih.gov/32244359/
https://www.researchgate.net/publication/10878646_Epigenetic_regulation_of_gene_expression_How_the_genome_integrates_intrinsic_and_environmental_signals
https://www.researchgate.net/publication/10878646_Epigenetic_regulation_of_gene_expression_How_the_genome_integrates_intrinsic_and_environmental_signals
https://www.nature.com/articles/npp2012112
https://pubmed.ncbi.nlm.nih.gov/24153300/
https://pubmed.ncbi.nlm.nih.gov/19727073/
https://pubmed.ncbi.nlm.nih.gov/19727073/
https://pubmed.ncbi.nlm.nih.gov/24593700/
https://pubmed.ncbi.nlm.nih.gov/24593700/
https://pubmed.ncbi.nlm.nih.gov/16603426/
https://pubmed.ncbi.nlm.nih.gov/16603426/
https://pubmed.ncbi.nlm.nih.gov/25563730/
https://pubmed.ncbi.nlm.nih.gov/27585961/
https://pubmed.ncbi.nlm.nih.gov/27585961/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7466984/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7466984/
https://pubmed.ncbi.nlm.nih.gov/28733365/
https://pubmed.ncbi.nlm.nih.gov/26074864/
https://pubmed.ncbi.nlm.nih.gov/21727249/
https://pubmed.ncbi.nlm.nih.gov/21727249/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4129499/
https://pubmed.ncbi.nlm.nih.gov/22849751/
https://pubmed.ncbi.nlm.nih.gov/15220929/
https://pubmed.ncbi.nlm.nih.gov/17670942/
https://pubmed.ncbi.nlm.nih.gov/17670942/


Citation: MV Raghavendra Rao., et al. “The Anomalous DNA Methylation Patterns in Autism Spectrum Disorder (ASD), Prader Willi 
Syndrome, Fragile X Syndrome, and Angelman’s Syndrome”. EC Neurology 14.1 (2022): 01-09.

The Anomalous DNA Methylation Patterns in Autism Spectrum Disorder (ASD), Prader Willi Syndrome, Fragile X Syndrome, and 
Angelman’s Syndrome

09

32.	 Ruiz-Hernandez A., et al. “Environmental chemicals and DNA methylation in adults: a systematic review of the epidemiologic evi-
dence”. Clinical Epigenetics 7 (2015): 55.

33.	 Myrick, L. K., et al. “Fragile X syndrome due to a missense mutation”. European Journal of Human Genetics 22 (2014): 1185-1189.

34.	 Hagerman, R. J. “In Fragile X Syndrome: Diagnosis, Treatment, and Research”. (2002).

35.	 Volkmar FR., et al. Kline W Am J Psychiatry 151.1 (1994): 1361-1367.

36.	 Goldstein S., et al. “Assessment of autism spectrum disorder”. Guilford Publications (2018).

37.	 Hermelin B. “Bright splinters of the mind: a personal story of research with autistic savants”. Jessica Kingsley (2001).

38.	 FreitagCM. “The genetics of autistic disorders and its clinical relevance: a review of the literature”. Molecular Psychiatry 12.1 (2007): 
2-22.

39.	 Minshew NJ., et al. “Handbook of autism and pervasive developmental disorders”.

40.	 Loveland K and Tunali-Kotoski B. “The School-Age Child with an Autistic Spectrum Disorder”. Handbook of Autism and Pervasive 
Developmental Disorders  (2005).

41.	 Butler MG., et al. “Management of Prader-Willi Syndrome”. Springer Verlag Inc (2006).

42.	 Butler MG. “Prader-Willi syndrome: Obesity due to genomic imprinting”. Current Genomics 12.3 (2011): 204-215.

43.	 Cassidy SB., et al. “Prader-Willi syndrome”. Genetics in Medicine 14 (2012): 10-26.

44.	 Butler MG., et al. “Molecular genetic classification in Prader-Willi syndrome: a multisite cohort study”. Journal of Medical Genetics  
56.3 (2019): 149-153.

45.	 Butler MG., et al. “Causes of death in Prader-Willi syndrome: Prader-Willi Syndrome Association (USA) 40-year mortality survey”. 
Genetics in Medicine 19.6 (2017): 635-642.

46.	 Williams CA., et al. “Angelman syndrome 2005: updated consensus for diagnostic criteria”. American Journal of Medical Genetics Part 
A 140 (2006): 413-418. 

47.	 Bird LM. “Angelman syndrome: review of clinical and molecular aspects”. The Application of Clinical Genetics 7 (2014): 93-104. 

48.	 Dagli A., et al. “Molecular and clinical aspects of Angelman syndrome”. Molecular Syndromology 2 (2012): 100-112.

49.	 Williams CA., et al. “Clinical and genetic aspects of Angelman syndrome”. Genetics in Medicine 12 (2010): 385-395. 

Volume 14 Issue 1 January 2022
©All rights reserved by MV Raghavendra Rao., et al.

https://pubmed.ncbi.nlm.nih.gov/25984247/
https://pubmed.ncbi.nlm.nih.gov/25984247/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4169535/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1734971/
https://pubmed.ncbi.nlm.nih.gov/17033636/
https://pubmed.ncbi.nlm.nih.gov/17033636/
https://psycnet.apa.org/record/2005-05077-009
https://psycnet.apa.org/record/2005-05077-009
https://pubmed.ncbi.nlm.nih.gov/22043168/
https://www.nature.com/articles/gim0b013e31822bead0
https://pubmed.ncbi.nlm.nih.gov/29730598/
https://pubmed.ncbi.nlm.nih.gov/29730598/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5435554/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5435554/
https://pubmed.ncbi.nlm.nih.gov/16470747/
https://pubmed.ncbi.nlm.nih.gov/16470747/
https://pubmed.ncbi.nlm.nih.gov/24876791/
https://pubmed.ncbi.nlm.nih.gov/22670133/
https://pubmed.ncbi.nlm.nih.gov/20445456/

