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ABSTRACT

Thepracticeofdatasciencerequirestheuseofanalyticstools,technologiesand

programminglanguagestohelpdataprofessionalsextractinsightsandvaluefrom

data.Arecentsurveyofnearly24,000dataprofessionalsrevealedthatPython,SQL

andRarethemostpopularprogramminglanguagesusedforthebiological

approachesforanalyzinghugebiologicaldatasuchasNeuroDevelopmental

disordersuchasSavantsyndromeandAutism Spectrum disorderinparticular

whichmaybegeneticorcausedbyanyexternalphysicalinjury.Savantsyndromeis

aconditioninwhichsomeonewithsignificantmentaldisabilitiesdemonstrates

certainabilitiesfarinexcessofaverage. Theseskillsatwhichsavantsexcelare

generallyrelated to memory.Approximatelyonein10 personswithAutism

Spectrumdisorder  hassome savantskills.Inotherformsofdevelopmentdisability,

mentalretardationorbraininjury,  savantskillsoccurinlessthan1%ofsuch

persons.Savantskillsareusuallyfoundinoneormoreoffivemajorareas:art,

memory,arithmetic,musicalabilities,and spatialskillsAdvancedmemoryisthe

key"superpower"insavantabilities. Ithasbeensuggestedthatindividualswith

autismarebiasedtowardsdetail-focusedprocessingandthatthiscognitivestyle

predisposesindividualseitherwithorwithoutautism tosavanttalents. Soour

desireistoestimatedlygivethepossiblity ofnumberofpeopleoutsuffering

neurodevelopmentaldisorderandtodetectthemaingeneticcauseandtoanalyze

thedataforfurtherexaminationfornetworkingofthehomologyusingvarious

biocomputationallanguages.
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CHAPTER-1

INTRODUCTION

1.1.1INTRODUCTION

NEURODEVELOPMENTALDISORDER:

NeuroDevelopmentaldisordersareimpairmentsofthegrowthanddevelopmentof

the brain and/or centralnervoussystem.Tobespecificitreferstoadisorder

of brainfunction thataffects emotion, learningability,memory andselfskillwhich

unfoldsasaneffectastheindividualdevelopsandgrows.

Causes:

Developmentofthenervoussystemistightlyregulatedandtimed;itisinfluenced

bybothgeneticprogramsandtheenvironment.

Anysignificantdeviationfromthenormaldevelopmentaltrajectoryearlyinlifecan

resultinmissingorabnormalneuronalarchitectureorconnectivity.

AUTISMSPECTRUMDISORDER:

Autism Spectrum Disorder (ASD), is a range of mental disorders of

the neurodevelopmental type.Itincludes autism and Savantsyndrome.Individuals

ontheautisticspectrum oftenexperiencedifficultieswithsocialcommunication

andinteractionandmayexhibitrestricted,repetitivepatternsofbehavior,interests,

oractivities.Symptomsaretypicallyrecognizedbetweenoneandtwoyearsof

age. Long-termproblemsmayincludedifficultiesinperformingdailytasks,creating

andkeepingrelationships,andmaintainingajob.

Fig1.1(a)
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ChildrenBehaviorwithASD.

SAVANTSYNDROME:

Savantsyndrome is a condition in which someone with significantmental

disabilitiesdemonstratescertainabilitiesfarinexcessofaverage. Theskillsat

whichsavantsexcelaregenerallyrelatedto memory. Thismayinclude rapid

calculation,artisticability, mapmaking,ormusicalability.Usuallyjustonespecial

skillispresent.

Thosewiththeconditiongenerallyhavea neurodevelopmentaldisorder such

as autism spectrum disorder orhavea braininjury.Abouthalfofthecasesare

associatedwithautismandmaybeknownas"autisticsavants".Whilethecondition

usuallybecomesapparentinchildhood,somecasesmaydeveloplaterinlife.Itis

notrecognizedasa mentaldisorder withinthe DSM-5.

Fig1.1(b)

BrainofapersonwithaccidentalSavant.

1.2REVIEWOFLITERATURE

1.2.1AUTISMSPECTRUMDISORDER

WhatisASD?

Autism isaneurologicaldevelopmentaldisability thathampersnormalbrain

development,affectingcommunication,socialinteraction,cognition,andbehavior.

Autismisknownasaspectrumdisorderbecauseitssymptomsandcharacteristics

appearinavarietyofcombinationsthataffectchildrenindifferentways.Some

childrenmayhaveseverechallengesandwouldneedhelpwhileothersmaybeable
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tomanagetheirtasksindependently,withlesshelp.

Earlier,eachcondition(autisticdisorder,pervasivedevelopmentaldisordernot

otherwisespecified(PDD-NOS),AspergersyndromeandSavantSyndrome) was

diagnosedseperatelyasdisordersbutnow,these conditionsaregroupedtogether

andarecalledasAutism Spectrum Disorder.Butitisnotrecognizedasa mental

disorder withinthe DSM-5.

WhatarethesignsofASD?

Theearlysignsofautismcanbeobservedduringthefirstthreeyearsofachild's

life.Thesesigns mayvaryfrom beingmild,moderate,tosevere.Also,thesigns

mayvaryfrom onechildtoanother,andmaychangeasthechildgrows.Achild

withseverecognitiveimpairmentandmotorskillsmayalsodevelopepilepsy.

However,aspecificsetofbehaviorsareindicatorsofthecondition.

Conditionsthatco-existwithautism: Otherconditionslikementalretardation,

hyperactivity,motordifficulties,seizures,learningdisability,hearingorvisual

impairmentmayco-existwithautismandtheymaycoexistwithothersyndromes

suchas“Savantsyndrome”.

WhatarethestrenghtsandabilitiesofASD?

Ofteninthesecasesthemainfocusistheweaknessesratherthanthestrengthsof

aperson.Achildwithautism has certainabilitiesandaptitude,whichparents,

therapists,andteachersneedtoidentifyand encouragethechildtomakethemost

ofhisorhertalentsandskills.

Thechildmayexhibitsomeoftheseskills:

 Goodvisualandspatialmemory.

 Methodicalandorganizedwayofdoingthings.

 Abilitytounderstandabstractconcepts.

 Excellenceintheareaoftheirinterest.

 Attentiontodetail.

 Interestinlanguages(amongchildrenwhocanspeakwell)(maydevelopinto

an“orator”).

GeneticreasoningforASD:

ASDisararesinglenucleotidemutation.Morerecently,discoveriesofrarepoint

mutationsandcharacterizationofbalancedchromosomalabnormalitieshave

pinpointedindividualASDgenesofrelativelystrongeffect,includingbothlociwith
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strongaprioribiologicalrelevanceandthosethatwouldhaveotherwisebeen

unsuspectedashigh-prioritybiologicaltargets.ASDishighlyheterogeneous,with

hundredsofgenescapableofconferringvaryingdegreesofrisk,dependingontheir

natureandthepredisposinggeneticalteration.Moreover,manygenesthathave

been implicated in ASD also appear to be risk factors for related

neurodevelopmentaldisorders,aswellasforaspectrumofpsychiatricphenotypes.

TreatmentforASD

Theaimofthe treatmentistotargetbehaviorsthatwillhelpthechildimprovetheir

abilitiestointegrateintoschools,developmeaningfulrelationships,andtoincrease

thepossibilityofmaintainingindependentlivingasadults.Treatmentinterventions

aimtoincreasesociallyacceptableandprosocialbehavior,decreaseoddbehavior

andimproveverbalandnon-verbalbehavior.

Children with autism can make significantprogress ifthe psychological

interventiontheyreceiveisstructuredandconsistent.

Therearetypesoftreatmentsforautisticchildren:

AppliedBehaviorAnalysis(ABA):-

 DiscreteTrialTraining(DTT).

 EarlyIntensiveBehavioralIntervention(EIBI).

 PivotalResponseTraining(PRT).

 VerbalBehaviorIntervention(VBI).

 TreatmentandEducationofAutisticandrelatedCommunicationHandicapped

ChildrenMethod(TEACCH).

1.2.2SAVANTSYNDROME

Definition:

Savantsyndromeoccurswhenapersonwithbelownormal intelligence displaysa

specialtalentorabilityinaspecificarea.

WhatisSavantsyndrome?

Thissyndrome isaconditioninwhichsomeonewithsignificantmentaldisabilities

demonstratescertainabilitiesfarinexcessofaverage.Theskillsatwhichsavants

excelaregenerallyrelatedto memory.Thismayinclude rapidcalculation,artistic

ability, mapmaking,ormusicalability.Usuallyjustonespecialskillispresent.

Thosewiththeconditiongenerallyhavea neurodevelopmentaldisorder such

as autism spectrum disorder orhavea braininjury.Abouthalfofthecasesare
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associatedwithautismandmaybeknownas"autisticsavants".Whilethecondition

usuallybecomesapparentinchildhood,somecasesmaydeveloplaterinlife. Itis

notrecognizedasa mentaldisorder withinthe DSM-5.(DSM-5:-The Diagnosticand

StatisticalManualofMentalDisorders,FifthEditionisthe2013updateto

the DiagnosticandStatisticalManualofMentalDisorders,the taxonomic and

diagnostictoolpublishedbythe AmericanPsychiatricAssociation (APA).Inthe

UnitedStates,theDSMservesastheprincipalauthorityforpsychiatricdiagnoses.)

SoafterthereleaseoftheDSM-5thediagnosisofthepatientswithsavantwas

removedfromthedisordertomovedtosyndrome.

Fig1.2.2(a)

ThisbookisDSM-5.

Becauseasyndromeisdifferentfromadiseaseanddisorderlikeina:-

Disease:Aparticulardistinctiveprocess inthe body witha specificcauseand

characteristicsymptoms.

 Disorder:Irregularity,disturbance,orinterruptionofnormalfunctions. 

Syndrome:A numberofsymptomsoccurringtogetherandcharacterizinga

specific disease.

HistoryofSavantsyndrome:

Childrenwhodisplaysavantsyndromehavetraditionallybeenreferredtoasidiot,

retarded,orautisticsavants.Thenegativeconnotationsoftheterm"idiot"haveled

tothedisuseof“idiotsavant”.Becausethesyndromeisoftenassociated



6

with autism ,theterm autisticsavantismorefrequentlyheard.Thefirstknown

descriptionofapersondisplayingsavantsyndromeoccurredinaGerman

psychologyjournal publication titled ”GnothiSauton”in1751.Theterm savant

wasfirstused in 1887 by“J.Langdon Down”(thedoctorforwhom Down

syndrome isnamed).

DemographicsofSavantsyndrome:

ThereweremanyreportedcasesofsavantandmanyarerelatedtoASD.Abouthalf

ofallchildrenwithsavantsyndromeareautistic.Approximately10percentofall

childrenwithautism havesavantsyndrome.Therateincreasesto25percentof

childrenwithautism whohaveanIQover35.(Manyautisticchildrenhavelower

IQs.)Aboutthreetimesasmanyboysasgirlshavesavantsyndrome.Thismaybe

becausemoreboysthangirlsareaffectedwithautism.Lessthan1percentofthe

non-autistic population,including those with mentalretardation and other

developmentaldisorders,havesavantsyndrome.

CausesandSymptomsofSavantsyndrome:

Causes:ofsavantsyndromewereasof2004notknown.Someresearchers

hypothesizethatitiscausedbyachangeinageneorgenes,andothersbelieve

thatitiscausedbysomekindofdamagetothelefthemisphereofthebrainwith

compensationforthisinjuryoccurringintherighthemisphere.Thereasonsforthe

syndromearenotatallclear,however,andmoreresearchneedstobedone.

Symptoms:Therearenoparticularsymptomstoidentifythesyndromebutchildren

withsavantsyndromehaveanexceptionaltalentorskillinaparticulararea,such

astheabilitytoprocessmathematicalcalculationsataphenomenalspeed.Savant

skillsoccurinanumberofdifferentareas,includingmusic,visualarts,and

mathematics.Expertsbelievethatthemostcommonskilldemonstratedbysavants

is“extraordinarymemory”.Children with savantsyndromemaybeableto

memorizeextensiveamountsofdatainsuchareasas sports statistics,population

figures,andhistoricalorbiographicaldata.Oneparticularskillcommontothose

withsavantsyndromeisthe“abilitytocalculate”whatdayoftheweekaparticular

datefellonorwillfallon.Sothepeoplearoundthesechildrenshouldpayattention

totheseexceptions.

MechanismofSavantsyndrome:

Psychological:

Nowidelyacceptedcognitivetheoryexplainssavants'combinationoftalentand
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deficit.Ithasbeensuggestedthatindividualswithautism arebiasedtowards

detail-focusedprocessingandthatthiscognitivestylepredisposesindividuals

eitherwithorwithoutautismtosavanttalents.Anotherhypothesisisthatsavants

hyper-systemize,therebygivinganimpressionoftalent.Hyper-systemizingisan

extremestateintheempathizing–systemizingtheorythatclassifiespeoplebased

ontheirskillsinempathizingwithothersversussystemizingfactsaboutthe

externalworld.Also,theattentiontodetailofsavantsisaconsequenceof

enhancedperceptionorsensoryhypersensitivityintheseuniqueindividuals.Ithas

alsobeenconfirmedthatsomesavantsoperatebydirectlyaccessinglow-level,

less-processedinformationthatexistsinallhumanbrainsthatisnotnormally

availabletoconsciousawareness.

Neurological:

Insomecases,savantsyndromecanbeinducedfollowingsevereheadtraumato

theleftanteriortemporallobe.Savantsyndromehasbeenartificiallyreplicated

usingtranscranialmagneticstimulationtotemporarilydisablethisareaofthebrain.

A neurocognitivemodelofsavantsyndromeshouldexplainthesecognitive

featuresandthejuxtapositionofoutstandingtalentswithcognitivedisabilities.In

recentneuropsychologicalstudies,Miller(1998)reported clinicalcases of

"acquiredsavant,"i.e.,patientswhoimprovedornewlyacquiredanartistic

savant-likeskillintheearlystageoffrontotemporaldementia(FTD).Althoughthe

relationshipbetweenanautisticsavantandacquiredsavantremainstobe

elucidated,theadventofneuroimagingstudyofASDandtheclarificationofFTD

patientswithsavant-likeskillsmayclarifythesharedneuralmechanismsofboth

typesoftalent.

GeneticalinformationofSavantsyndrome:

Therearenotmanypublisheddataaboutitbutitisararesinglenucleiotide

mutation.Sowetriedtofindthegeneforthesavantsyndromeandsuccessfullywe

foundthatGABRB3wasthegenemutatedwhichcausedthesyndrome.Itisrelated

tothechloridegatedchaininnervoussystem.

TreatmentforSavantsyndrome:

Savantsyndromeisdiagnosedwhenachild'sabilityinoneareaisexceptionally

higherthan would be expected given his orherIQ orgenerallevelof

functioning.Savantsyndromeisnotknowntohaveanydrawbacks,soitdoesnot

havetobetreateditself.Theunderlyingdisordersthatusuallyaccompanysavant
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syndromeneedtobetreated,anditisbelievedthatmakinguseofthespecialtalent

ofthe child with savantsyndrome may help treatthe child's underlying

developmentaldisorders.Thespecialskillassociatedwithsavantsyndromeina

specificchildisusuallypresentforlife.Therehasbeenatleastonereportofthe

skillbeinglostwhenprogresswasgainedinotherareas,butthisappearstobevery

rare.Ingeneral,iftheleveloftheskillchangesitimprovesastheskillis

practiced.Thereisnoknownwaytopreventsavantsyndrome.
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CHAPTER-2

LITERATURESURVEY

2.1BooksthatdocumentedSavantsyndrome:

 The “GnothiSauton”published the firstdocumented case with the

informationofamathematicalprodigy named ”JedediahBuxton”,whowasableto

performcalculationsinhisheadwithremarkablespeed.

 Thissyndromecameintolightamongmanyciviliansafterthereleaseof

somebooksthatwereinspiredfromDr.Down’spublication.Someofbooksare:

 In1989, Extraordinarypeople wasfirstpublishedbyTreffert,summarizinga

century of cases, observations and research findings since Down's

1887 descriptionofthedisorder.

 Beate Hermelin, in her book, ”Bright splinters of the

mind”,(2001) summarizedherfindingsbasedon20yearsofresearchbyherand

herco-workers.

Fig2.1(a)

Brightsplintersofthemind.

 Acomprehensivereviewarticleby Heaton&Wallace(2004) alsoprovides

anextensivebibliographyonresearchtothatdate.
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1.Thereferedpublicationis“Encyclopediaofchildren’shealth”whichprovidesthe

detailinformationofthesyndromeandalsotheusercontributationwhichprovides

thedetailandmorecloserexposureofthesyndromeinrealtimeandalsopeople

impressiononthesyndromeindifferentpartsoftheworldandthebasiceducation

whichisenoughtounderstandthesyndromeforthenotbiologicalbackground

people.Ithelpedusinagreatwaytounderstandthesyndromeandhow isit

differentfromtherestofthementaldisorders.Itpavedapathtotheinterestforthis

project.

 2.Treffert describedablind,autisticmusicalsavantwho,alongwithhermusical

ability,demonstratedveryprecisespatiallocationabilitiesandprecisetime-keeping

skillswithoutaccesstoaclockfaceorothertimeinstruments.Detailedreportsof

theseandmanyothersavantsdatingfrom Down'soriginaldescriptionofthe

disorder are contained in ”Extraordinary people: understanding savant

syndrome (Treffert)”Whichgivesthemoremodernapproachoftheauthortothe

specifictopicandisbetterexplainedindetail.

Fig2.1.2(a&b)

ThebookswrittenbyDaroldTreffert.

3.Withoutdoubt,thebest-knownautisticsavantisafictionalone,“Raymond

Babbitt”,asportrayedbyDustinHoffmaninthe1988movie Rainman.However,the

originalinspirationforthesavantportrayedin Rainman wasanow57-year-old
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malewhohasmemorizedover“6000books”andhasencyclopedicknowledgeof

geography,music,literature,history,sportsandnineotherareasofexpertise.He

cannamealltheUSareacodesandmajorcityzipcodes.Hehasalsomemorized

themapsinthefrontoftelephonebooksandcantellyoupreciselyhowtogetfrom

oneUScitytoanother,andthenhowtogetaroundinthatcitystreetbystreet.He

alsohascalendar-calculatingabilitiesand,morerecently,ratheradvancedmusical

talenthassurfaced.Ofuniqueinterestishisabilitytoreadextremelyrapidly,

simultaneouslyscanningonepagewiththelefteyeandtheotherpagewiththe

righteye.Magneticresonanceimaging(MRI)showsthe“absenceofthecorpus

callosum”alongwithothersubstantialcentralnervoussystem(CNS)damage.This

bookisthedetailgivenbytheautisticsavantpersonhimselfsothedetailsare

predominantwithamorecloseapproachandtounderstandtheminapersonalway.

Fig2.1.3(a)

WrittenbytheFranPeek.

Theabsenceofthecorpuscallosum iscalledACC,itisararedisorderthatis

presentatbirth(congenital).Itischaracterizedbyapartialorcompleteabsence

(agenesis)ofanareaofthebrainthatconnectsthetwocerebralhemispheres.This

partofthebrainisnormallycomposedoftransversefibers.Insomecasesmental

retardationmayresult,butintelligencemaybeonlymildlyimpairedandsubtle
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psychosocialsymptomsmaybepresent.Theyareusuallyconnectedwithother

psychologicaldisordersandinthiscaseitis“autisticsavant”.

Fig2.1.3(b)

DifferencebetweenICCandACC.

2.2Thearticlesrelatedtosavantsyndrome:

1.)Thesavantsyndrome:anextraordinarycondition.Asynopsis:past,present,

future.

DaroldA.Treffert(UniversityofWisconsinMedicalSchool.)

Savantsyndromeisarare,butextraordinary,conditioninwhichpersonswith

seriousmental

disabilities,includingautisticdisorder,havesome‘islandofgenius’whichstandsin

marked,

incongruouscontrasttooverallhandicap.Asmanyasonein10personswith

autisticdisorderhavesuchremarkableabilitiesinvaryingdegrees,althoughsavant

syndromeoccursinother

developmentaldisabilitiesorinothertypesofcentralnervoussystem injuryor

diseaseaswell.

Whatevertheparticularsavantskill,itisalwayslinkedtomassivememory.This

paperpresentsabriefreviewofthephenomenologyofsavantskills,thehistoryof

theconceptandimplicationsfor

educationandfutureresearch.

2.)SavantSyndrome:Realities,MythsandMisconception

DaroldA.Treffert(AgnesianHealthCare)
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Itwas126yearsagothatDownfirstdescribedsavantsyndromeasaspecific

conditionand70yearsagothatKannerfirstdescribedEarlyInfantileAutism.While

asmanyasoneintenautisticpersonshavesavantabilities,suchspecialskills

occurinotherCNSconditionsaswellsuchthatapproximately50%ofcasesof

savantsyndromehaveautismastheunderlyingdevelopmentaldisabilityand50%

areassociatedwithotherdisabilities.Thispapersortsoutrealitiesfrommythsand

misconceptionsaboutbothsavantsyndromeandautismspectrumdisorders(ASD)

thathavedevelopedthroughtheyears.TherealityisthatlowIQisnotnecessarily

anaccompanimentofsavantsyndrome;insomecasesIQcanbesuperior.Also,

savantscanbecreative,ratherthanjustduplicative,andtheskillsincreaseover

timeonacontinuum from duplication,toimprovisationtocreation,ratherthan

diminishingorsuddenlydisappearing.Geniusandprodigyexistseparatefrom

savantsyndromeandnotallsuchhighlygiftedpersonshaveAsperger’sDisorder.

Thispaperalsoemphasizesthecriticalimportanceofseparating‘autistic-like’

symptomsfrom ASDespeciallyinchildrenwhenthesavantabilitypresentsas

hyperlexia(childrenwhoreadearly)orasEinsteinsyndrome(childrenwhospeak

late),orhaveimpairedvision(Blindisms)becauseprognosisandoutcomearevery

differentwhenthatcarefuldistinctionismade.Inthosecasestheterm‘outgrowing

autism’mightbemistakenlyappliedwheninfactthechilddidnothaveASDinthe

firstplace.

3.)Thesavantsyndrome:Geniusandmentalhandicapcombined.

J.A.M.SCHIPPERHEIJN,Locum SeniorRegistrarinPsychiatry,Napsbury

Hospital,

Herts;andF.J.DUNNE,ConsultantPsychiatrist,WarleyHospital,Brentwood.

Idiot-savantsarepeopleflowintelligencewhohaveoneortwooutstandingtalents

suchascalendarcalculation,drawing,ormusicalperformance.Thesyndrome

occurswithhighfrequencyamongautisticchildren(autism isaboutfourtimes

commonerinboys),andthemaletofemaleratioisabout6:Isuggestingasex

linkeddisorder(Hill,1977).Itisestimatedtooccurin0.060/0ofthementally

handicappedpopulationoraboutIin2,000ofthoselivingininstitutions(Treffert,

1988).Thegiftstartsapparentlyspontaneouslybetweenage5and8years.

Frequentlytheparentsclaimthattheythemselvesdonothavethetalentandknow

ofnooneinthefamilywhohas,butthereisatendencyforsavantskillstorunin

families,suggestingthatgeneticfactorsplayarole.Thesyndromewasfirst



14

describedbyLangdonDownin1887butTredgold(1914)wrotethefirstdefinitive

accountofthecondition.Severaltypesarefound:calendarcalculators,artists,

musiciansandmnemonists.Theconditioncanbecongenital,oracquiredinan

otherwisenormalindividualfollowinginjurytoordiseaseofthecentralnervous

system.Theskillscanappearsuddenlyandlikewisedisappearwithoutexplanation.

Regardlessoftheirparticularability,savantsallhaveincommonaphenomenal

memory.Thetermitselfisamisnomerbeingderivedfromtheobsoletedefinition

'idiot'denotinganindividualwithanIQof25orbelow,andtheword'savant'or

knowledgeablepersonfrom theFrench'savoir'meaning,'toknow'.Mostsavants

haveaverylowIQ,otherwisetheywouldnotbeclassifiedassuch.Communication

problemsarecommonandincludelow-levelgrammaticalgrasp,slowness,mutism,

completeabsenceofspeech,hesitantspeech,withdrawalandautism (O'Connor,

1989).Calendarcalculatorsandsavantswithmathematicalabilityandexceptional

mnemonicskillsarethemostfrequent;musiciansarerare.Insomeindividuals,

skillsareremarkablebecauseoftheassociated mentalhandicap (talented

savants);in others (prodigious savants)the abilities would be considered

spectaculareveniftheyoccurredinnormalpeople.Skillscanalsooccurin

combination,forinstance,music and memory.Calculators are capable of

remarkablefeatsofmentalarithmetic,includingthemultiplicationofthree-figure

numbersinafew seconds,therapidcalculationofsquareroots,andthe

descriptionofageometricseriesto64places(Hermelin&O'Connor,1983).They

followsimpleruleswhichareusedasanaidtorecallingdatesandsequencesin

classicalmusic;theskillsthoughimpressivemaybeconfinedtotonalmusic.

Rule-basedstrategiesareusedbyallsavantsandseemtobeIQindependen

4.)NeuralMechanismUnderlyingAutisticSavantandAcquiredSavantSyndrome.

KeisukeTakahata,MotoichiroKato

DepartmentofNeuropsychiatry,KeioUniversitySchoolofMedicine

Itiswellknownthatthecaseswithsavantsyndrome,demonstrateoutstanding

mentalcapabilitydespitecoexistingseverementaldisabilities.Inmanycases,

savantskills are characterized byits domain-specificity,enhanced memory

capability,andexcessivefocusonlow-levelperceptualprocessing.Inaddition,

impairedintegrativecognitiveprocessingsuchassocialcognitionorexecutive

function,restrictedinterest,andcompulsiverepetitionofthesameactare

observedinsavantindividuals.Allthesearesignificantlyrelevanttothebehavioral
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characteristicsobservedinindividualswithautisticspectrum disorders(ASD).A

neurocognitivemodelofsavantsyndromeshouldexplainthesecognitivefeatures

andthejuxtapositionofoutstandingtalentswithcognitivedisabilities.Inrecent

neuropsychologicalstudies,Miller(1998)reportedclinicalcasesof"acquired

savant,"i.e.,patientswhoimprovedornewlyacquiredanartisticsavant-likeskillin

theearlystageoffrontotemporaldementia(FTD).Althoughtherelationship

betweenanautisticsavantandacquiredsavantremainstobeelucidated,the

adventofneuroimagingstudyofASDandtheclarificationofFTDpatientswith

savant-likeskillsmayclarifythesharedneuralmechanismsofbothtypesoftalent.

Inthisreview,weclassifiedcurrentcognitivemodelsofsavantsyndromeintothe

following3categories.(1)Ahypermnesicmodelthatsuggeststhatsavantskills

developfrom existingordormantcognitivefunctionssuchasmemory.However,

recentfindingsobtainedthroughneuropsychologicalexaminationsimplythat

savantindividualssolveproblemsusingastrategythatisfairlydifferentfrom a

non-autisticone.(2)Aparadoxicalfunctionalfacilitationmodel(Kapur,1996)that

offerspossibleexplanationsabouthowpathologicalstatesinthebrainleadto

developmentofprodigiousskills.Thismodelemphasizestheroleofreciprocal

inhibitoryinteractionamongadjacentordistantcorticalregions,especiallythatof

theprefrontalcortexandtheposteriorregionsofthebrain.(3)Autisticmodels,

includingthosebasedonweakcentralcoherencetheory(Frith,1989),thatfocuson

howsavantskillsemergefrom anautisticbrain.Basedonrecentneuroimaging

studiesofASD,Justetal.(2004)suggestedtheunderconnectivitytheory,which

emphasizesthedisruptionoflong-rangeconnectivityandtherelativeintactoreven

moreenhancedlocalconnectivityintheautisticbrain.Allthemodelslistedabove

havecertainadvantagesandshortcomings.Attheendofthisreview,wepropose

anotherintegrativemodelofsavantsyndrome.Inthismodel,wepredictanaltered

balanceoflocal/globalconnectivitypatternsthatcontributetoanalteredfunctional

segregation/integrationratio.Inparticular,weemphasizethecrucialroleplayedby

thedisruptionofglobalconnectivityinaparalleldistributedcorticalnetwork,which

mightresultinimpairmentinintegratedcognitiveprocessing,suchasimpairment

inexecutivefunctionandsocialcognition.Ontheotherhand,thereduced

inter-regionalcollaborationcouldleadtoadisinhibitoryenhancementofneural

activityandconnectivityinlocalcorticalregions.Inaddition,enhancedconnectivity

inthelocalbrainregionsispartlyduetotheabnormalorganizationofthecortical
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networkasaresultofdevelopmentalandpathologicalstates.Thisenhancedlocal

connectivityresultsinthespecializationandfacilitationoflow-levelcognitive

processing.Thedisruptionofconnectivitybetweentheprefrontalcortexandother

regionsisconsideredtobeaparticularlyimportantfactorbecausetheprefrontal

regionshowsthemostinfluentialinhibitorycontrolonothercorticalareas.We

proposethattheseneuralmechanismsastheunderlyingcausesfortheemergence

ofsavantabilityinASDandFTDpatients.

5.)NeurophenomenologyofSavantsyndrome.

DitoAnurogo(BrainCirculationInstituteofIndonesia(BCII)),TarunaIkrar(School

ofMedicine,UniversityofCalifornia)

Savantsyndromeisanenigmaticdisorder.Itischaracterizedbyclusterof

outstandingmentalabilityinotherwisehandicappedindividuals.Peoplewithsavant

syndrome exhibitexceptional-extraordinary abilities and demonstrate some

specifictalentsorparticularskillsalongwithdevelopmentaldisabilities.Their

profoundandprodigousabilitiesarefarinexcessofwhatareconsiderednormal.

Thereisaparadoxicalpresence of special skills and distinguished

disabilities.Thedocumentedsavantskillsinclude“lightning-speed”numerical

calculation,calendricalcalculation,musicalsavants(exceptionalmusicalabilities,

especiallyperfectpitch),artisticskills,hyperlexics(fastreadingandunderstanding).

Othertypesoftalentsandartisticskillsinvolvingthree-dimensionaldrawing,map

memory,poetry,painting,andsculpturingarealsoobserved.Thegoalofthis

scientificarticleistoreview savantsyndrome,basedonneurophenomenology

frameworkandrecentfindings.

6.)Savantsyndrome-TheoriesandEmpiricalfindings

HeleneDarius(UniversityofSkövde,Sweden)InstitutionofCommunicationand

Information,KatjaValli(UniversityofTurku,Finland )CentreofCognitive

Neuroscience

Savantsyndromeisarareconditioninwhichsomepeoplehaveextraordinary

talentsdespitesomeseriousmentalorphysicaldisability.Itisasyndromewith

remarkablefeatures,standinginstarkcontrasttoaperson’soverallcharacter.The

term savant,oridiotsavant,describesapersonwho,inspiteoflowintelligence,

hasaskillinsomespecificnarrowarea.Savantscanhaveaspecifictalentin,for

instance,music,art,calendarcalculationorforeignlanguagebutwhateverthe

specifictalentis,itisalwaysconnectedtoextraordinarymemory.Savantsyndrome
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seemstobealsoconnectedtoautismorautisticcharacteristics.InthispaperIaim

togiveacleardescriptionofthesavantsyndromeandexplainitsconnectionto

autism.Further,Ipresenthowspecifictheoriestrytodescribethecausesofsavant

syndrome,andconnectthetheoriestoresultsofempiricalresearchinordertogive

anoverallviewofthesyndrome’sappearance.Iwillalsocomparethetheoriesand

evaluatetheirstrengthsandweaknesseswithrespecttothediscoveriesand

progressthathasbeenmadewithintheareaofsavantsyndromeresearch.

7.)Autworks:across-diseasenetworkbiologyapplicationforAutism andrelated

disorders.

TristanHNelson,Jae-YoonJung,ToddFDeLuca,ByronKHinebaugh,

KristianCheSt.GabrielandDennisPWall

Autismspectrumdisorder(ASD)isoneofthemostcommonandhighlyheritable

neurodevelopmentaldisorders.Despite,andperhapsbecauseof,itscommonality,

ASDisknowntohaveahighlycomplexgeneticetiology.Morethan100geneshave

beenreportedtobeperturbedinindividualswithASD,whileonlyafewsuchgenes

havebeenverifiedbygenome-wideassociationstudiesorgeneexpression

analyses.ThereareanumberofMendeliandisordersinwhichpatientsmay

manifestASDtraits,includingfragileXsyndrome,tuberoussclerosiscomplex,Rett

syndrome,andAngelmansyndrometonameafew.Finally,commoncopynumber

variationshavebeenfoundbetweenASDandothercomplexmentaldisorders,

includingschizophrenia,bipolardisorder,andepilepsy.Thecomplexityofthe

autism geneticlandscapesuggeststhatnetworksofcandidategeneswillbeof

valuetoidentifybiologicalthemesthatcontributetothespectrum ofautism

phenotypes.InnovativeworkbyRzhetskyetal.demonstratedthatsignificant

correlationsofcomorbiditywerefoundacrossawiderangeofdisorders,ASDin

particular.Relatedresearchdemonstratedthatcombiningtheknowngenetic

etiologyofbehaviorallyrelateddisorderswithASDthroughbiologicalnetworks

couldprovideparticularinsightintogeneswithgreatsignificanceinASD,aswellas

predictivepowerfornovelautism-associatedvariants.Tocapitalizeonthevalueof

networkbiologyandacross-diseaseunderstandingofautism,webuiltaweb

applicationcalledAutworkstoallowfornetworkscalecross-disorderanalysis.We

aimedtointegratepathogenicandgenomicinformationspreadacrossdifferent

datarepositoriesandtoaugmentthiswithnovelfeaturesincludingnetwork

analysisandvisualizationtoolslackinginexistingapplication.
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8.)AutismKB2.0:aknowledgebaseforthegeneticevidenceofautismspectrum

disorder.

ChanghongYang,JiaruiLi,QixiWu,XiaoxuYang,AugustYueHuang,JieZhang,

AdamYongxinYe,YanmeiDou,LinlinYan,Wei-zhenZhou,LeiKong,MengWang,

ChenAi,DechangYangandLipingWei.

Autism spectrum disorder(ASD)isacomplexneurodevelopmentaldisorderwith

stronggeneticcontributions.Toprovideacomprehensiveresourceforthegenetic

evidenceofASD,wehaveupdatedtheAutism KnowledgeBase(AutismKB)to

version2.0.AutismKB2.0integratesmultiscalegeneticdataon1379genes,5420

copy numbervariations and structuralvariations,11 669 single-nucleotide

variationsorsmallinsertions/deletions(SNVs/indels)and172linkageregions.In

particular,AutismKB 2.0highlights5669 denovo SNVs/indelsdueto their

significantcontributiontoASDgeneticsandincludes789mosaicvariantsdueto

theirrecentlydiscovered contributionsto ASD pathogenesis.Thegenesand

variantsareannotatedextensivelywithgeneticevidenceandclinicalevidence.To

helpusersfullyunderstandthefunctionalconsequencesofSNVsandsmallindels,

weprovidedcomprehensivepredictionsofpathogenicitywithiFish,SIFT,Polyphen

etc.Toimproveuserexperiences,thenewversionincorporatesmultiplequery

methods,including simplequery,advanced queryand batch query.Italso

functionallyintegratestwoanalyticaltoolstohelpusersperform downstream

analyses,includingagenerankingtoolandanenrichmentanalysistool,KOBAS.

AutismKB2.0isfreelyavailableandcanbeavaluableresourceforresearchers.

DatabaseURL:http://db.cbi.pku.edu.cn/autismkbv2

9.)Single nucleotide polymorphisms predictsymptom severity of autism

spectrumdisorder.

YunJiao,RongChenandEdwardHHerskovits.

Autism iswidelybelievedtobeaheterogeneousdisorder;diagnosisiscurrently

basedsolelyonclinicalcriteria,althoughgenetic,aswellasenvironmental,

influencesarethoughttobeprominentfactorsintheetiologyofmostformsof

autism.Ourgoalis to determine whethera predictive modelbased on

single-nucleotidepolymorphisms(SNPs)canpredictsymptom severityofautism

spectrum disorder(ASD).Wedivided118ASDchildrenintoamild/moderate

autismgroup(n=65)andasevereautismgroup(n=53),basedontheChildhood

AutismRatingScale(CARS).Foreachchild,weobtained29SNPsof9ASD-related
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genes.To generatepredictivemodels,weemployed threemachine-learning

techniques:decisionstumps(DSs),alternatingdecisiontrees(ADTrees),and

FlexTrees.DSandFlexTreegeneratedmodestlybetterclassifiers,withaccuracy=

67%,sensitivity=0.88andspecificity=0.42.TheSNPrs878960inGABRB3was

selectedbyallmodels,andwasrelatedassociatedwithCARSassessment.Our

resultssuggestthatSNPshavethepotentialtoofferaccurateclassificationofASD

symptomseverity.

10.)AreviewofSavantSyndromeanditspossiblerelationshiptoepilepsy.

JohnR.Hughes

ThegoalofthisarticleistoreviewSavantSyndrome,characterizedbyoutstanding

islandsofmentalabilityinotherwisehandicappedindividuals.Twoformsexist:the

congenitalform andtheacquiredform.Amongthemanyexamplesofthe

congenitalformarethecalendarcalculators,whocanquicklyprovidethedayofthe

weekforanydateinthepast;themusicalsavants,whohaveperfectpitch;andthe

hyperlexics,who(inonecase)canreadapagein8 sandrecallthetextlaterata

99%level.Othertypesoftalentsandartisticskillsinvolvingthree-dimensional

drawing,mapmemory,poetry,painting,andsculpturingarealsoobserved.One

savantcouldrecitewithouterrorthevalueofPito22,514places.Personswiththe

acquiredform developoutstandingskillsafterbraininjuryordisease,usually

involvingtheleftfrontotemporalarea.Thistypeofinjuryseemstoinhibitthe

“tyrannyofthelefthemisphere,”allowingtherighthemispheretodevelopthe

savantskills.Anotherwaytoinhibittheleftfrontotemporalareaistouse

transcranialmagneticstimulationinnormalsubjects;nearlyone-halfofthese

subjectscanthenperform newskillsduringthestimulationthattheycouldnot

perform before.Thistypeoffindingindicatesthepotentialinallofusforthe

developmentofsavantskillsinspecialcircumstances.Explanationsofcongenital

SavantSyndromeincludeenhancedlocalconnectivityasacompensationfor

underconnectivityoflong-rangefibers,butalsoweakcentralcoherence,replaced

bygreatattentiontodetail,enhancedperceptualfunctioning,andobsessive

preoccupationwithspecificinterests.
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CHAPTER-3

AIM & SCOPE

3.1AIM

Toacquirethepathwayfortheneurodevelopmentaldisorderbyanalyzingthedata

usingcomputationalapproacheslikethebioinformatictools.

3.1.1Existingsystem:

Inthepastdecade,particularly,muchprogresshasbeenmadetowardsexplaining

thisjarringjuxtapositionofabilityanddisability,butmanyunansweredquestions

remain.However,interestinthisfascinatingconditionisaccelerating,especially

sincethediscoveryofsavant-typeskillsinpreviouslyunimpairedolderpersons

withFTD andotheracquiredsavantinstances.Thisfindinghasfar-reaching

implicationsregardingburiedpotentialinsomeor,perhaps,allofus.

Advancedtechnologieswillhelpinthoseinvestigations.Computedtomography

(CT)andMRIprovidestunninglyhigh-resolutionimagesofallthebrainarchitecture,

surfaceanddeep,permittingdetailedinspectionofbrain structure.However,

studiesofbrain function,suchaspositronemissiontomography(PET),single

photonemissionCT(SPECT)orfunctionalMRI,aremuchmoreinformative

regarding savantsyndrome,and,indeed,autism itself,since these newer

techniquesprovideinformationaboutthebrainatwork,ratherthansimplyviewing

brainarchitecture.Anevenmorerecentimagingtechniqueisdiffusiontensor

imaging,basedonmeasuringwaterflowwithinneurons,whichprovidesgraphic

imagesofbrain connectivity betweenthebrainhemispheres,withinthebrain

hemispheresandbetweenuppercorticalandlowerbrainstemstructures.Arelated

technique,diffusiontensortracking,providesadirectvisualviewoftheactualfibre

tracks,orwiring,ofthebrainingreatdetail.

3.1.2Motivation:

Thesavantisarareyetseenamongtheautisticpatients.Inevery100autisticthere

are1to10patientswithsavantsyndromeyetarenotrecognizedamongthe

parentsandeventeachersduetolackoftheknowledgeaboutthisconditionand

donottakeanyfurthercaretohelpthechildren.Wepersonallywentvolunteerina

schoolspeciallyfoetheautisticchildrenandstudiedabouttheirpersonalityandthe
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typeofeducationneededforthemandrealizedtotakethissyndromeasthemain

subjectforourproject.

3.1.3ProposedSystem:

Intheworkweusedifferentbiologicaltoolsanddatabasestofindthemaingenetic

resourceandthereasoningforthesyndromeandconnectmanybrokenpartsto

formapathwayandprovethattheyarenormalandevenmoreextraordinarytoall

thereadersofthisdocumentation.

AstherequiredgenesisrelatedtotheSavantsyndromeweusedSFARIGeneto

collectthedata.SimonsFoundationAutism ResearchInitiativeisthefoundation

thatwasestablisedin2005,thereafterthisisconvertedintoafreewebportalwith

theinformationaboutAutisticdisorders.Thegenesrelatedtosavantsyndromeis

collected from Sfari,a autisum related web portal.The genes is

GABRB3gamma-aminobutyricacid(GABA)Areceptor,beta3.

3.2SCOPEOFTHEPROJECT:

OurmainscopeistoReconstructthepathwayoftheSavantsyndromeanduse

networkbiologytocomparethegenesthathaveundergonethemutationswhich

affectfunctiontheproteinandenzymereactions.
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CHAPTER-4

EXPERIMENTAL

4.1ARCHITECTUREDIAGRAM:

FIG4.1

DATASETS

GENELIST

ANNOTAIONOFTHEGENE

PROTEINS

INTERPRET&ANALYZE

PATHWAY

CYTOSCAPICVIEW

VISUALIZETHECONNECTION

LD

SNP’S
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ARCHITECTUREDIAGRAM
Savantsyndromeisaneurodevelopmentalproblem facedduetoararesingle

neucleotidemutationandisachloridechainrelatedproblem andcanonlybe

provedbyfollowingthestepsmentionedinfig4.1.Eachofthesestepscontaina

form ofsequencialprocessfollowingthem.Theprocessiscompletedusing

differentandonlybioinformatictools.Themathematicalcalculationsaredonefor

SNP’sandLD’swhichwillbeexplainedinthelaterpartsofthereport.

Thegenesrelatedhavebeentakenfromtheexsistingdatabasesource.sitisnot

easytofindtheinformationaboutthem.Thepathwaygivesaclearviewaboutthe

genesrelatedwhichinturnwillhelpinfindingtherelatedSNP’sandrelatethemto

thedifferentpopulationsoftheworldusingLD.

4.2SYSTEMREQUIREMENT
Theprojectwillrequiresomesoftwareandhardwaretodevelopthesystemand

these

resourcesaremandatorytodeveloptheprojectwithutmostaccuracy.The

hardware

andsoftwarerequiredtodeveloptheproposedsystemarelistedbelow:

4.3HARDWAREREQUIREMENTS
Hardwarespecificationsaretechnicaldescriptionofthecomputer'scomponents

andcapabilities.Processorspeed,modelandmanufacturer,etc.sothehardware

componentsrequiredfortheproposedsystemare:

 Processor :IntelCorei5.

 Harddisk :1TB.

 Speed :2.4GHz

 Memory :4GB

4.4SOFTWAREREQUIREMENT:

Asoftwarerequirementspecificationisadescriptionofasoftwaresystemtobe

developed.Itlaysoutfunctionalandnon-functionalrequirementsanditalso

describes

theoperatingsystemandtoolusedinthesystemandtheyare:

 Operatingsystem:Any(Java-based)

 Writtenin:Java.
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CHAPTER-5

RESULTSANDDISCUSSION.

5.1MODULE-1:

DataSetsisthecollectionofthegeneticinformationinamorepreciseway,butitis

thecollectionofthequerydata.Itinvolvestherequiredinformationaboutthe

savantsyndromewhichwasderivedfrom theexclusivedatabaseforthesavant,

autism andotherneurodevelopmentaldisorders.Itisrunbyafoundationwhich

doesresearchonthementioneddisorders.Astherequiredgenesisrelatedtothe

SavantsyndromeweusedSFARIGenetocollectthedata.SimonsFoundation

AutismResearchInitiativeisthefoundationthatwasestablisedin2005,thereafter

thisisconvertedintoafreewebportalwiththeinformationaboutAutistic

disorders.

ThegenesrelatedtosavantsyndromeiscollectedfromSfari,aautismrelatedweb

portal.

SFARI-

 ThedatabasethathasinformationaboutgenesassociatedwithASD. 

 ThisDBhasseveralexternalgeneticdatabaselinks,includesdatafromvarious

animalmodelsprovidestheinformationthatcanbeusedtoidentifythe

mechanismsofASD.

 Proteininteraction(PIN)modulegivesinteractivevisualreferencethatshowall

knownprotieninteractionsofgenesassociatedtoASD

 Providesthedataonallknowncopynumbervariants(CNV's)associatedtoASD

andmanymore.
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FIG5.1(a)
SFARIGENEQUERY.

Thegenesarecategorisedbasedon:

CATEGORY1(HIGHCONFIDENCE):Genesinthiscategoryareallfoundonthe

SPARKgenelist,oronthelistofgenesreportedbySatterstrometal.,Cell180,1-17

(2020).EachofthesegeneshasbeenclearlyimplicatedinASD—typicallybythe

presenceofatleastthreedenovolikely-gene-disruptingmutationsbeingreported

intheliterature—andsuchmutationsidentifiedinthesequencingoftheSPARK

cohortaretypicallyreturnedtotheparticipants.Someofthesegenemeetthemost

rigorousthresholdofgenome-widesignificance;allatleastmeetathresholdfalse

discoveryrateof<0.1

CATEGORY 2(STRONG CANDIDATE):Genes with two reported de novo

likely-gene-disruptingmutations.Ageneuniquelyimplicatedbyagenome-wide

associationstudy,eitherreachinggenome-widesignificanceor,ifnot,consistently

replicatedandaccompaniedbyevidencethattheriskvarianthasafunctionaleffect.



26

TAB4.4.1(a)
SFARIGENEINFORMATION.

MOLECULAR FUNCTION :The encoded protein is a subunitofGABA-A

receptor.Neurotransmissionispredominantlymediatedbyagatedchloridechannel

activityintrinsictothereceptor.

EXTERNALLINKS:SFARIprovidestheseveralexternallinksforthequerygene.Itis

accordingtotherequiredexperimentalsubjectdatabase.Genecards,OTP,PubMed

arethebasicexternallinks.ThehumanrelateddatabaseareEntrezGene,OMIM,

Uniprot,HumanBase.ThemouserelateddataforthesavantarefromEntrezGene,

MouseGenomeInformatics,AllenBrainAtlas.Theexperimentalsubjectinformation

offruitflyisEntrezGene.

Strong Candidate AUTISM REPORTS / 

TOTAL REPORTS

RARE VARIANTS /

 COMMON VARIANTS

Score - 2 21 / 37 47 / 29

ALIASES ASSOCIATED SYNDROMES GENETICCATEGORY

GABRB3, MG
C9051

- RareSingleGeneMutation,
GeneticAssociation

CHROMOSOME BAND ASSOCIATED DISORDERS CRITERIA

15q12 ADHD, ASD, ID, DD/NDD 1.1
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FIG5.1(b)
EXTERNALLINKSFORGABRB3.

GENE CARDS: GeneCards is a database of human genes that

provides genomic, proteomic, transcriptomic, genetic andfunctionalinformationon

allknownandpredictedhumangenes.Itisbeingdevelopedandmaintainedbythe

CrownHumanGenomeCenteratthe WeizmannInstituteofScience.GABRB3gene

encodesamemberoftheligand-gatedionicchannelfamily.Theencodedproteinis

onethesubunitsofamulti-subunitchloridechannelthatservesasthereceptorfor

gamma-aminobutyricacid,amajorinhibitoryneurotransmitterofthemammalian

nervoussystem.Thisgeneislocatedonthelongarm ofchromosome15ina

clusterwithtwoothergenesencodingrelatedsubunitsofthefamily.Thisgene

maybeassociatedwiththepathogenesisofseveraldisordersincludingSavant

Syndrome,Angelmansyndrome,Prader-Willisyndrome,nonsyndromicorofacial

clefts,epilepsyandautism.

FIG5.1(c)
LOCATIONOFGABRB3(Ch15).
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FIG5.1(d)
EXACTLOCATIONOFGABRB3(Ch15q12).

HUMAN BASE:HumanBase isa “onestop shop”forbiologicalresearchers

interestedindata-drivenpredictionsofgeneexpression,function,regulation,and

interactionsinhuman,particularlyinthecontextofspecificcelltypes/tissuesand

humandisease.

Thisresourceisnotmerelyapublicdatabaseofprimarygenomicsdataor

biologicalliterature.Thedata-drivenintegrativeanalysespresentedinHumanBase

areespeciallypowerfulbecausetheyseparatesignalfromnoisein largebiological

datacollections toreachbeyond“existingbiologicalknowledge”representedinthe

biologicalliteraturetoidentifynovelassociationsthatarenotbiasedtoward

well-studiedareasofbiomedicalresearch.Thus,HumanBaseisaresourcefor

biomedicalresearcherstoincorporateintotheirresearchworkflows,whichthey

canusetointerprettheirexperimentalresultsandgeneratehypothesisfor

experimentalfollow-up.

HumanBaseisactivelydevelopedbythe Genomicsgroup atthe FlatironInstitute.

FIG5.1(e)

Tissue-specificinteractions.

Thefig4.4.1(h)isthedescriptionofthetissuespecificinterationinbrain.
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brain :Theportionofthevertebratecentralnervoussystem thatconstitutesthe

organofthoughtandneuralcoordination,includesallthehighernervouscenters

receivingstimuli

The tissue interaction is done based on the co-expression,interaction,TF

binding,GSEAmicroRNAtargetsandGSEApertuberation.

NAME DATABASE GENES PVALVE

positiveregulation

ofMAPKcascade

GeneOntology

(BP)

4 3.1e-2

positiveregulation

ofphospholipase

activity

GeneOntology

(BP)

2 4.4e-2

learningor

memory,Gene

Ontology(BP)

GeneOntology

(BP)

2 4.4e-2

regulationof

phospholipase

activity

GeneOntology

(BP)

2 4.4e-2

positiveregulation

oflipaseactivity

GeneOntology

(BP)

2 4.6e-2

TAB-5.1(b)Enrichedfunction
ThistableisthecompleteinformationabouttheEnrichedfunctionofthebrainina

process.Biologicalprocessesanddiseasesrepresentedinthenetwork.

Tissue expression:Experimentally validated and computationally predicted

tissue/cell-typeexpression

TISSUE GABRB3Confidencelevel

brain 0.95

telencephalon 0.94

nervoussystem 0.94

centralnervoussystem 0.93

cerebellum 0.93

occipitallobe 0.93

temporallobe 0.93

frontallobe 0.93

forebrain 0.92
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caudateputamen 0.92

thalamus 0.91

basalganglion 0.91

diencephalon 0.91

cerebralcortex 0.91

corpusstriatum 0.90

caudatenucleus 0.89

midbrain 0.89

amygdala 0.89

substantianigra 0.88

hippocampus 0.87

subthalamicnucleus 0.84

corpuscallosum 0.83

medullaoblongata 0.83

spinalcord 0.80

dentategyrus 0.80

occipitalpole 0.75

fetus 0.55

cerebellarcortex 0.54

hypophysis 0.52

pancreas 0.51

ovary 0.49

testis 0.47

neuron 0.42

kidney 0.41

placenta 0.39

cerebellarPurkinjecell 0.36

prostategland 0.36

liver 0.36

nucleusaccumbens 0.33

pons 0.32

parietallobe 0.27

thyroidgland 0.24
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heart 0.24

adrenalgland 0.21

mammarygland 0.21

hypothalamus 0.20

lung 0.20

gastrointestinaltract 0.20

uterus 0.17

intestine 0.15

retina 0.14

skeletalmuscle 0.13

lymphnode 0.12

largeintestine 0.12

eye 0.12

smallintestine 0.11

TAB-5.1(c)

GABRB3Confidencelevel.

EachoftheconfidencelevelofGABRB3iscalculatedforthespecifictissuesoas

toknowtheamountoftheeffectthatmayoccurinthespecifictissueusingthe

confidencelevelitmayvaryfromaindividualtoanother.Itmainlydependsonthe

patient.Thisconfidencelevelalsoprovestheexistenceoftheeffecteveninthe

fetualstagewithachanceof55%ifeitheroneoftheparentisasavantsyndrome

effectedorisacarrierofthismutatedgene.Theconfidenceisgivenfrom0to1the

highestis1while0isthelowest.

Disease associations:Experimentallyassociated and computationallypredicted
assocations.

NAME IDENTIFIER GABRB3 CONFIDENCE 
autismspectrumdisorder

epilepsy
movementdisease
retinaldisease

DOID:0060041
DOID:1826
DOID:480
DOID:5679

0.80
0.23
0.20
0.11

TAB-5.1(d)

DiseaseassociatedwithGABRB3andtheirconfidencelevel

OIMM:
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FIG5.1(f)

PHENEGENEGRAPHICS.

Graphicalrepresentationofphenotype/generelationship(s)associatedwiththe

GABRB3.PhenotypicSeries(whenavailable)aredisplayedwiththerelevantgenes

andsubsequentphenotypestoadepthof4nodes. Nohierarchyisimplied.The

graphicsrepresentsthechildhoodrelatedinformationaboutthesavantsyndrome

pathwayinagraphicalway. 

PATHWAY:

5.2PATHWAYAnalysis:

ThePathwayofthegeneisgivenbytheintheformofsixpathwaysintheKEGG.

Eachofthemissignificantforeachpathway.ForthefurtherstudytheNeuroactive

ligand-receptorinteractionistakenintoconsideration.Theotherpathwayseach

signifiesforonespecificfunctionallyrelatedprocess.Thisisusedtodraw a

pathwayforthegenewhichcanhelpfortheannotatingtheproductaccordingto

therequirments.

WehaveselectedtheKASS-KEGGforthepathwayanalysisanditresultedinaround

sixpathways.Eachonerepresentingadifferentyetmostaccuratepathways.the

pathwaysareshownthefig-5.2(a).Themorphineandnicotineanaddictionrelated

pathwayisalsogivenastheGABAgateeffectedbyitandtherestarethesignalling

pathwaysandtheGABRB3thateffectsishighlightedinaclearway.
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We chose Neuroactive ligand-receptor interaction because savant is

neurodevelopmentalrelatedsyndromeandisrelatedtoiongatedreaction.

FIG5.2(b)

KASS-KEGGresultforGABRB3.

ThefigurebelowhasmanysubunitsandoneamongthemhastheGABAreceptor

whichchannelsGABRwhichisthegenerelatedproductforsavant.

ThereactioniscausedduetoC4H9NO2whichisgamma-Aminobutyricacidin

otherwordsiscalledGABA

FIG5.2(c)
NeuroactiveLigand-ReceptorinteractionforGABRB3.
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.REACTOME.

ThisisusedtogetanoverallviewaboutGABRB3buttoanalyzeandinterpretwe

usereactome.Thishasthetwodifferentpathways:

 Neuronalsystem.

 SignalTransduction.

WechoosetheNeuronalsystem asitabrainrelatedsyndromeandtheplasma

membraneisthemainthingthatisselected.

FIG5.2(c,d)
ReactomeresultandthelocationpathwaysforGABRB3.
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FIG5.2(f)
ReactomepathwayoverviewforGABRB3.

Thisisapathwayoverview oftheGABRB3ofboththeneuronalandsignal

transductionpathways,theGABAreceptorandhetissueswithrelativelymore

confidenceishighlightedaccordingly.

Thetissueusedforthepathwayaredoneaccordingtotheconfidencementionedin

TAB-4.4.1(c)isusedtohighlightthelocations.Darkerthehighlightidsdirectly

proportionaltotheconfidencelevelofGABRB3inthatrespectivetissue.

FIG5.2(g)
Neuronalsystempathway.

ThisisthepictorialpathwayfortheNeuronalsystem inspecificintheplasma

membraneandalsoshowstheionswithaclearviewofthereceptorsonthecell.
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FIG5.2(h)
NeuronalsystemofGABAreceptor.

Thisdiagramsshowsthatthecl-from extra-cellularregionistransportedtothe

cytosolforboth heteropentamers GABA and pentamerGABRR.The binding

betweenNPTN(NeuroPlastin)ismadeclear.Thereactomeprovidestheawide

rangeoptionstodownloadandthetheSBMLformatisdownloadedsoastooenit

incytoscapeforthefurtheranalysis.

CYTOSCAPE:

Cytoscape is an open source bioinformatics software

platform for visualizing molecularinteractionnetworks andintegratingwith gene

expression profiles and otherstate data.Additionalfeatures are available

as plugins.Pluginsareavailablefornetworkandmolecularprofilinganalyses,new

layouts,additionalfile formatsupportand connection with databases and

searchinginlargenetworks.PluginsmaybedevelopedusingtheCytoscape

open Java softwarearchitecturebyanyoneandplugincommunitydevelopmentis

encouraged.Cytoscape also has a JavaScript-centric sister project

named "Cytoscape.js” thatcan be used to analyse and visualise graphs in

JavaScriptenvironments,likeabrowser.
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FIG5.2(i)

CytoscapicviewforGABRB3.

Thecytoscapeisusedtogetamoreclearviewofthepathway.

The network is opened in the cytoscape in the following way

Reactome->pathway->download->SBMLformat->cytoscape.

Thecircularview infig-5.2(i)givesamoreapproachableunderstandingofthe

connectionsandtheproductsalso.Theredcolouredsquarebaxisthespotthat

highlightstheactivationchannnelsofGABRB3.
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FIG5.2(i)

ClearviewoftheactivationchannelsforGABRB3.

FIG5.2(i)

Theviewin3differentpartsofaneuronalsystem.

Theabovefiguregivesgivesthenetworkincytosol,extracellularregionand

plasmamember.Theyarerepresentedintheform ofthegreenpentagonswhich

showstheconnectiontootherionsetc.,thetinycolouredsquareareusedas
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binders.Thisshowstheconnectionofthereceptorinproducingtheproductswhich

leadsusinfindingstringsofGABRB3.

STRING:

Stringisusedtovisualizeaconnectionbetweenthegeneswiththerelatively

functionalproteininhibitors.Inmolecularbiology, STRING (SearchToolforthe

Retrieval of Interacting Genes/Proteins) is a biological database and web

resource ofknownandpredicted protein–proteininteractions. 

TheSTRINGdatabasecontainsinformationfrom numeroussources,including

experimentaldata,computationalpredictionmethodsandpublictextcollections.It

isfreelyaccessibleanditisregularlyupdated.Theresourcealsoservestohighlight

functionalenrichmentsinuser-providedlistsofproteins,usinganumberof

functionalclassificationsystemssuchas GO, Pfam and KEGG.Thelatestversion

10.5containsinformationonabout9.6millionproteinsfrom morethan2000

organisms.

FIG5.2(j)

TheproteinproductsofGABRB3.

Thesearetheproductofthegenesi.e,proteinsrelatedtoGABRB3.

Theymayberelateddirectlyorfuntionallyrelatedtothisgenewhichshowsthe

factorialchangesthataffectthehumanbrainfunctionandifthereareany

mutationsthenallthesetogethershoweffect.
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FIG5.2(j)

Theconnectionbetweentheproteins.

InthisARHGEF9isthebindingbetweentheotherouterfunctionallyrelatedproteins

whicharetheproductsofthedifferentgenesproducedbychr15q11-chr15q13.

Thusitprovesthatiteffectsothergeneproductsalso.

SNP(single-nucleotidepolymorphism):

TofindtherelativitywewentalittlefurtherbytryingtofindingtheSNP’sfor

GABRB3

A single-nucleotidepolymorphism (SNP)isasubstitutionofasingle nucleotide that

occursataspecificpositioninthe genome,whereeachvariationispresentata

levelof0.5%frompersontopersoninthepopulation.SNPspinpointdifferencesin

our susceptibility to a wide range of diseases (e.g. sickle-cell

anemia, β-thalassemia and cysticfibrosis resultfromSNPs).Theseverityofillness

andthewaythebodyrespondstotreatmentsarealsomanifestationsofgenetic

variations.Forexample,asingle-basemutationintheAPOE(apolipoproteinE)gene

isassociatedwithalowerriskfor Alzheimer'sdisease.

UsingthisasanexamplewetriedperformongtheSNPforGABRB3asitisarare

single-basedmutationforsavantsyndrome.
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ThedsSNPisthewebsitedatabaseusedretivetheSNPforGABRB3.ThedbSNP

hasbeendesignedtosupportsubmissionsandresearchintoabroadrangeof

biologicalproblems.These include physicalmapping,functionalanalysis,

pharmacogenomics,associationstudies,andevolutionarystudies.BecausedbSNP

wasdevelopedtocomplementGenBank,itmaycontainnucleotidesequencesfrom

anyorganism.

FIG5.2(k)

TheSNPforGABRB3.

Asthesavantisasinglemutationrelatedtherewereonlyonesnpforthissyndrone

thereweresnpsoftheotherfuntionallyrelated.TheSN’scanbefoundfromNCBI

itself.AllotherSNP’swerementionedtobemergedintors20318.Thuswewereleft

withonlythistocollecttheLDforGABRB3.

A single-nucleotidevariant (SNV)isavariationinasinglenucleotidewithoutany

limitationsoffrequencyandmayariseinsomaticcells.A somatic single-nucleotide

variation(e.g.,causedbycancer)mayalsobecalleda single-nucleotidealteration.

LD(LinkageDisequilibrium):

Linkagedisequilibrium ispresentwhenallelesfrom twonearbygeneticvariants

commonlyoccurtogetherinanon-random,linkedfashion.Allelesofvariantsin

linkagedisequilibrium arecorrelated;withthedegreeofcorrelationgenerally

greaterinmagnitudethecloserthevariantsareinphysicaldistance.Measuresof

linkagedisequilibriumincludeDprime(D')andRsquared(R2).
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Dprime(D') -anindicatorofallelicsegregationfortwogeneticvariants.D'values

rangefrom0to1withhighervaluesindicatingtightlinkageofalleles.AD'valueof

0indicatesnolinkageofalleles.AD'valueof1indicatesatleastoneexpected

haplotypecombinationisnotobserved.

Rsquared(R2) -ameasureofcorrelationofallelesfortwogeneticvariants.

R2 valuesrangefrom0to1withhighervaluesindicatingahigherdegreeof

correlation.AnR2 valueof0indicatesallelesareindependent,whereasanR2 value

of1indicatesanalleleofonevariantperfectlypredictsanalleleofanothervariant.

R2 issensitivetoallelefrequency.

GoodnessofFit(Χ2 andp-value) -statisticaltesttestingwhetherobserved

haplotypecountsfollowfrequenciesexpectedfromvariantallelefrequencies.High

chi-squarestatisticsandlowp-valuesareevidencethathaplotypecountsdeviate

fromexpectedvaluesandsuggestlinkagedisequilibriummaybepresent.

LDlinkisthewebsiteusedforthefindingtheLDforrs20318.

LDlinkconsistsofninemodules:

LDassoc, LDhap, LDmatrix, LDpair, LDpop, LDproxy, LDtrait, SNPchip, and SNPclip.

EachmodulecanbeaccessedbyclickingonthedesiredtabatthetopofallLDlink

pages.

LDhap -Calculatepopulation-specifichaplotypefrequenciesofallhaplotypes

observedforalistofqueryvariants.

Input:

ListofRSnumbers -thiscaneitherbeenteredoneperlineinthetextentryboxor

uploadedasafilethatcontainsalistofRSnumbersinthefirstcolumn.A

maximumof30variantRSnumbersarepermitted.Allinputvariantsmustbeonthe

same chromosome and match a bi-allelic variant.The textentryfield is

automaticallyfilledwiththecontentsoftheuploadedfile.

Referencepopulation(s) -selectedfrom thedropdownmenu.Atleastone1000

GenomesProjectsub-populationisrequired,butmorethanonemaybeselected.

Output:

Tableofobservedhaplotypes -haplotypeswithfrequenciesgreaterthan1percent

aredisplayedverticallyandorderedbyobservedfrequencyintheselectedquery

sub-population.Variantgenotypesarereportedinrowsandandaresortedby

genomicposition.Queriesshouldbelimitedtonearbyvariants,sincehaplotype
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switchrateerrorsbecomemorecommonasgenomicdistanceincreases.Linksare

availableto dbSNP RSnumbersandcoordinatesinthe UCSCGenomeBrowser.

FIG5.2(l)

LDhapforrs20318..
ThehaplotypesfortheSNParecalculatedamongtheselectedpopulationandthe

resultaredisplayed.

LDmatrix -Createaninteractiveheatmapmatrixofpairwiselinkagedisequilibrium

statistics.

Input:ListofRSnumbers -thiscaneitherbeenteredoneperlineinthetextentry

boxoruploadedasafilethatcontainsalistofRSnumbersinthefirstcolumn.A

maximumof300variantRSnumbersarepermitted.Allinputvariantsmustbeon

thesamechromosomeandmatchabi-allelicvariant.Thetextentryfieldis

automaticallyfilledwiththecontentsoftheuploadedfile.

Referencepopulation(s) -selectedfrom thedropdownmenu.Atleastone1000

GenomesProjectsub-populationisrequired,butmorethanonemaybeselected.

Aswearelookingtoform amatrixsowecollectedtheSNP’sforalltherelated

functionalproteinandithastobeforthesamegenelotaionproducedproteinSNP’s.

Thesnpretrievedare:

rs3751582,

rs20318,

rs25410,

rs25411,

rs140680,

rs140670.
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FIG5.2(m)

LDmatrixforrs20318.
Output:Interactiveheatmap -asquareplotwithdimensionsequaltothenumberof

queryvariantsthatmatchadbSNPRSnumber.Hoveringovertheplotwiththe

mousewilldisplaypairwiseLDmetricsfortherespectiverowandcolumnvariants.

Variantsareorderedbygenomiccoordinates.

Dprimedownload -downloadafileofallpairwiseD'statistics.
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Rsquaredownload -downloadafileofallpairwiseR2 statistics.

Ddependsonallelefrequencies:Valuecanrangefrom-0.25to0.25 Researchers

suggestedthevalueshouldbenormalized.

 BasedonthetheoreticalmaximumandminimumrelativetothevalueofD.

 WhenD≥0

Dmaxisthesmallerofp1q2andp2q1.

 WhenD<0min

Dministhelargerof–p1q1and–p2q2.

AnotherLDmeasure

 Correlationbetweenapairoflociiscalculatedusingthefollowingformula

 Valueisr

 Orfrequentlyr2.

 Rangesfrom

 r2=0

Lociareincompletelinkageequilibrium

 r2=1

Lociareincompletelinkagedisequilibrium

LDtrait -

Searchifalistofvariants(orvariantsinLDwiththosevariants)thathave

previouslybeenassociatedwithatraitordisease.Traitanddiseasedatais

updatednightlyfrom the GWASCatalog.ProblematicdataentriesintheGWAS

Catalogcanbebrowsed here.

Input:

ListofRSnumbers -thiscaneitherbeenteredoneperlineinthetextentryboxor

uploadedasafilethatcontainsalistofRSnumbersinthefirstcolumn.A

maximum of50variantRSnumbersorchromosomalcoordinates(GRCh37)are

permitted.Allinputvariantsmustmatchabi-allelicvariant.Thetextentryfieldis

automaticallyfilledwiththecontentsoftheuploadedfile.
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Referencepopulation(s) -selectedfrom thedropdownmenu.Atleastone1000

GenomesProjectsub-populationisrequired,butmorethanonemaybeselected.

R2/D'toggle -selectifdesiredoutputisprunedfrom athresholdbasedon

estimatedR2 orD'.

R2/D'threshold -setthresholdforLDpruning.Anyvariantswithin-/+ofthe

specifiedgenomicwindowandR2 orD'lessthanthethresholdwillberemoved.

Valueneedstobeintherange0to1.Defaultvalueis0.1.

Windowsize -setgenomicwindowsizeforLDpruning.Specifyavaluegreaterthan

orequaltozeroandlessthanorequalto1,000,000bp.Defaultvalueis-/+

500,000bp.

FIG5.2(n)

LDtraitToolforrs20318.
Output:

VariantsinLDwithGWASCatalog -alistofqueriedvariantsinLDwithavariant

reportedintheGWASCatalog.Eachvariantinthelistisaclickablelinkthatbrings

upadetailedtableshowingdisease-associatedvariantsthatareina-/+500KB

windowandinlinkagedisequilibirumwiththevariant.

DetailsTables -outputtablethatappearswhenavariantinthevariantlistisclicked.

DetailsareprovidedonGWAStrait,genomicposition,alleles,R2,D',EffectSize

(95% CI),BetaorOR,and P-value.Externallinkslead to thevariantpair

in LDpair andresultvariantinthe GWASCatalog.
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VariantswithWarnings -outputtablethatappearswhenavariantproducesa

warninginLDtrait.Commonreasonsforavarianttobeonthewarninglistareifthe

variantisnotfoundindbSNPorifnovariantsinLDarefoundwithinwindowofthe

GWASCatalog.Detailsareprovidedongenomicpositionandwhythevariantwas

excludedfromthevariantlist.

SNPchip -Findcommercialgenotypingplatformsforvariants.

Input:

ListofRSnumbers -thiscaneitherbeenteredoneperlineinthetextentryboxor

uploadedasafilethatcontainsalistofRSnumbersinthefirstcolumn.A

maximumof5,000variantRSnumbersarepermitted.Allinputvariantsdonotneed

tobeonthesamechromosome.Thetextentryfieldisautomaticallyfilledwiththe

contentsoftheuploadedfile.

GenotypingArrays -selectedcommercialgenotypingarraysfromthedropdownlist.

Atleastonearraymustbeselected,butmorethanonemaybeselectedasinput.

FIG5.2(n)

SNPchipToolforrs20318.
Output:

ArrayTable -outputtableofvariantrowsandarraycolumns.Thepresenceofan

"X"designatesthevariantispresentontherespectivecommercialgenotypingarray.

Variantsareorderedbygenomiclocation.ExternallinksleadtothevariantRS

numberin dbSNP andcoordinatesinthe UCSCGenomeBrowser.
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SNPclip -Prunealistofvariantsforlinkagedisequilibirum.

Input:

ListofRSnumbers -thiscaneitherbeenteredoneperlineinthetextentryboxor

uploadedasafilethatcontainsalistofRSnumbersinthefirstcolumn.A

maximumof5,000variantRSnumbersarepermitted.Allinputvariantsmustbeon

thesamechromosomeandmatchabi-allelicvariant.Thetextentryfieldis

automaticallyfilledwiththecontentsoftheuploadedfile.

Referencepopulation(s) -selectedfrom thedropdownmenu.Atleastone1000

GenomesProjectsub-populationisrequired,butmorethanonemaybeselected.

R2 threshold -setR2 thresholdforLDpruning.Oneofeachpairofvariantswitha

R2 greaterthanthethresholdisremoved.Valueneedstobeintherange0to1.

Defaultvalueis0.1.

MAFthreshold -setMAFthresholdforLDpruning.VariantswithaMAFlessthanor

equaltothethresholdareremoved.Valueneedstobeintherange0to1.Default

valueis0.01.

.FIG5.2(o,p)

SNPclipToolforrs20318.
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FIG5.2(q)

SNPclipToolforrs20318.
Output:

LDThinnedVariantList -alistofLDprunedvariantsbasedonthespecified

SNPclipparameters.Eachvariantinthelistisaclickablelinkthatbringsupa

detailedtableshowingothervariantsthatareinlinkagedisequilibirum withthe

variant.Variantsareorderedbyinputorder,sotoforceavarianttobeintheLD

thinnedlistitshouldbeatthetopoftheinputlist.

DetailsTables -outputtablethatappearswhenavariantinthethinnedvariantlist

isclicked.Detailsareprovidedongenomicposition,alleles,andwhythevariant

wasincludedorexcludedfrom thethinnedvariantlist.Externallinksleadtothe

variantRSnumberin dbSNP andcoordinatesinthe UCSCGenomeBrowser.

VariantswithWarnings -outputtablethatappearswhenavariantproducesa

warninginSNPclip.Commonreasonsforavarianttobeonthewarninglistinclude

avariantwithanMAFbelowtheMAFthreshold,aquerythatisnotaRSnumber,

andaRSnumbernotfoundinthe1000GreferenceVCFfile.Detailsareprovidedon

genomicposition,alleles,andwhythevariantwasincludedorexcludedfrom the

thinnedvariantlist.ExternallinksleadtothevariantRSnumberin dbSNP and

coordinatesinthe UCSCGenomeBrowser.

Thecurrentstudyconfirmstheroleof GABRB3 asanimportantcandidategenein

bothASDandSavantsyndrome.
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CHAPTER-6

CONCLUSION

Thesavantsyndromeisauniqueyetaveryproblematicdisorder.Ourmaingoal

wastoanalyzethegenerelatedinterpretapathwayandform anetwork.Butwe

wentaheadandtriedfindingtherelativelyfunctionalproteinsandcheckedforthe

evidencetoprovethatthisspecificgeneeffectstheotherchromosomalgene

productsandretrievedtheSNP’sneeded.LaterwecheckedforLD’sforthe

populationsurveyforsomemaythousandsofthemandfoundthattheGABRB3is

strongcandidatethateffectsmanyothergenesandisacauseformanymore

relateddisorders.Thisdocumentisacombinationofalltheexperiencewehave

alongthejourneyoflearningaboutthesyndromealongwiththekidsandthe

beautyoftheirinnocencethatthesocietyhasmarkedasmentallychallengedbut

whoareextraordinarytalentediftakenabettercareof.Wehopethisreportcould

at-leastchangetheviewsofsomereadersabouttheseextraordinarilygorgeous

andblessedpeopleandhopetheyaretreatedascommonandnormalciviliansat

themost.
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