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ABSTRACT

Singlenucleotidepolymorphisms(SNPs)arethemostcommontypeofgeneticvariationinpeople.
SNPsarevaluableresourcesforexploringthegeneticbasisofdisease.TheXPAgeneprovidesa
waytoproduceaproteinusedtorepairdamagedDNA.Thisstudyusedthecomputationalmethods
toclassifySNPsandestimatetheirprobabilityofbeingneutralordeleterious.Thepurposeofthis
analysisistopredicttheeffectofnsSNPsonthestructureandfunctionofXPAproteins.Datawas
collectedfromtheNCBI-hosteddbSNP.Theauthorsexaminedthepathogeniceffectof194nsSNPs
intheXPAgenewithcomputationaltools.FournsSNPs(C126S,C126W,R158S,andR227Q)that
potentiallyaffectthestructureandfunctionoftheXPAproteinwereidentifiedwithcombinationof
SIFT,PolyPhen,Provean,PHD-SNP,I-Mutant,ConSurfserver,andProjectHOPE.Thisisthefirst
comprehensiveanalysisinwhichXPAgenevariantshavebeenstudiedusinginsilicomethods,and
thisresearchgainsfurtherinsightintoXPAproteinvariantsandfunction.
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INTRoDUCTIoN

Singlenucleotidepolymorphisms(SNPs)aremostcommontypeofgeneticvariationinhumans(Ke,
Taylor,&Cardon,2008).SNPsareausefulresourceforthestudyofthespreadofthediseasegenetic
base(ECapriotti,Calabrese,&Casadio,2006).Thevariantsmaybeusedasmarkersinstudiesof
geneticmappingandgenomeinteraction.Someofthosepolymorphismsmaypreventpeoplefrom
developingdiseases suchasdiabetes,highbloodpressureor canceror effect theprogressionof
diseases(Zhu&Zhao,2007).EachSNPsisavarianceinoneDeoxyribonucleicacid(DNA)building
block(ECapriottietal.,2006).SNPsnormallyhappeninDNAinanindividual.Theytakeplacealmost
1ineachonethousandDNAbases,meaningthatinapersongenomethereareabout4to5million
SNPs.Formanypeoplearoundtheworldthesedifferencesarerareandmorethan100millionSNPs
areknownbyscientists.VariationsaremostoftenobservedbetweenDNAgenes.Theyfunctionas



International Journal of Applied Research in Bioinformatics
Volume 12 • Issue 1

2

biologicalmarkersenablingscientiststoclassifydiseaseassociatedgenes.WhenSNPsoccurina
regulatoryareawithinorclosethegene,byinfluencinggenefunctiontheycanbemoreinvolvedinthe
disease(What Are Single Nucleotide Polymorphisms (SNPs)? - Genetics Home Reference - NIH,n.d.).

AlthoughSNPscausevariationsinDNAbutstillmostSNPsdonothaveanyclinicalimpact.
Nevertheless, someof thesegeneticdifferences inhumanhealth studieshaveproved tobevery
important.SNPshavebeenidentifiedbyresearcherstohelppredictindividualreactionstocertain
drugs,theirsusceptibilityandabilitytoacquirevariousdiseasestoenvironmentalfactorssuchas
toxins.Inordertomonitorgenetransmissionfromdiseaseswithinfamilies,SNPsmightbeused.
FutureinvestigationscanoftenclassifySNPsassociatedwithchronicconditions,thoseincludecardiac
disease,diabetes,andcancer.(What Are Single Nucleotide Polymorphisms (SNPs)? - Genetics Home 
Reference - NIH,n.d.).

Thegenexerodermapigmentosum,complementationgroupA(XPA)codesazinc-fiberprotein,
aspecializedformofDNArepair,thatplaysvitalroleinthenucleotideexcisionrepair(NER)repair
(ECapriottietal.,2006).NERisresponsiblefortheregenerationofphotoproductsandDNAadducts
causedbyultraviolet(UV)radiationfromorganiccarcinogensandchemotherapeuticdrugs.Itinteracts
withDNAandotherNERproteinsandisusedtobuilduptheNERincisioncomplexatsiteswhich
harmtheDNA.Mutationsproducedinthisgene,Sunlighthypersensitiveautosomalrecessiveskin
disorderandincreasedriskofskincancer(XPA, DNA Damage Recognition and Repair Factor [Homo 
Sapiens (Human)] - Gene - NCBI,n.d.).xerodermapigmentosumXPAgeneprovidesinstructionson
howtomakeaproteintorepairdamagedDNA.SunUVraysandtoxicchemicalsaswellasemission
andvolatilityoffreeradicalsandcandamagetheDNA.Normally,commoncellscanrepairDNA
damagebeforeitcancauseproblems.TheNERisoneofthemostessentialpathwaysusedbycellsto
repairDNA.TheXPAproteinhelpstotrackandprotectDNAdamage,asitisrepairedinthisrepair
process.XPAislinkedtodamagingDNAareasinwhichXPAinteractsaspartofwithseveralother
proteins.InthiswayremovesabnormalunitandreplacesthedamagedareawithcorrectDNAwhere
thedamagehashappened(XPA Gene - Genetics Home Reference - NIH,n.d.).

MutationsinXPAgeneeffectJapanesepopulationmorecommonlythanotherstodevelopavery
seriousformofdisorder.ManyJapanesepeoplehavexerodermamutationsofthesamegene,G>C.
ItpreventsthecellsproduceanyXPAproteinthatisfunctional.SomemutationsinXPAgenefound
inpeopleofJapanandelsewhereleadtothedevelopmentorsubstantialreductionofafaultyform
ofcellproducedXPAprotein.PartiallyorcompletelylossofXPAproteinpreventsDNAdamage
frombeingrepairedbycells.Otherwise,mutationscausedthecelldamagewhichleadtocancerand
death.TheseissueswithDNArepairmakepeoplewithincrediblysensitivetoUVraysfromsunlight.
CellscandeveloptooquicklyanduncontrolledifUVraysdisruptthegenesthatregulategrowth
anddivisioncell.Asaresult,theriskofdevelopingcancerinpeoplewithxerodermapigmentosum
issignificantlyincreased.Normallythesecancersmayoccurinareasofthebodythatareexposed
tothesun,suchastheskinandeyes.Progressiveneurologicaldiseasesareoftenassociatedwith
xerodermapigmentosumwhenitisaffectedbyXPAgenemutations.Whichcancauseproblems
inthenervoussystemincludinglossofvision,impairedbalance,lossofmobility,lossofcognitive
capacity,difficultyswallowingandcommunicatingandseizures.Itissuspectedthatthebrainisnot
UVexposed,neurologicaldisordersarisefromtheincreaseinDNAdamage.

IntheidentificationandanalysisofSNPs,bioinformaticsapproachesplayaprominentpart.We
usedcomputermethods(SIFT,Polyphen2.0,I-Mutant2.0etc.)toclassifySNPsandtodetermine
whethertheyareneutralordeleterious(CLIFFORDetal.,2004).Reviewoftheliteratureshowedthat
nopreviousstudieshavebeenconductedontheinfluenceofsuchvariationsonXPAstructureand
function.TheaimofthisresearchisthereforetoperformasystematicinsilicoXPAnsSNPanalysis
usingbiological informationsystemstoresearchthepossibleimpactofgeneticmodificationson
proteinstructureandfunction.ComputationalstudyofXPAgeneisthedemandoftime.Insilico
analysishelpustobetterunderstandthediseaseandprescribingmoreprecisetreatmentmeasuresfor
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