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Abstract
DNAsequencingmethodswerefirstdevelopedmorethan20yearsagowiththepublicationof
twoapproachestosequencingmethodologythatbecameknownasSangersequencing(1),
basedonenzymaticsynthesisfrom asingle-strandedDNAtemplatewithchainterminationusing
dideoxynucleotides (ddNTPs)and Maxim-Gilbertsequencing (2),which involved chemical
degradation ofend-radio-labeled DNA fragments.Both methods relied on four-lane,high
resolutionpolyacrylamidegelelectrophoresistoseparatethelabeledfragmentandallow the
basesequencetobereadinastaggeredladder-likefashion.Sangersequencingwastechnically
easierandfaster,andthusbecamethemainDNAsequencingmethodforthevastmajorityof
applications.
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INTRODUCTION

TheDNAstandsfordeoxyribosenucleicacid.Itistheblueprintoflifeanditistheprime
geneticmoleculecarryingallthehereditaryinformationwithinchromosomes.Frederich
MiescherfirstobservedDNAinthelate1800s.Butnearlyacenturypassedfrom that
discoveryuntilresearchersunraveledthestructureoftheDNAmoleculeandrealizedits
centralimportancetobiology.MostthoughtthatDNAwastoosimpleamoleculetoplay
suchacriticalrole.TheimportanceofDNAbecameclearin1953withtheworkofJames
Watson,Francis Crick,Maurice Wilkins and Rosalind Franklin.By studying X-ray
diffractionpatternsandbuildingmodels,thescientistsfiguredoutthedoublehelix
structureofDNA-astructurethatenablesittocarrybiologicalinformationfrom one
generationtothenext[1,2].
Sangersequencingwasacriticaltransitiontechniqueleadingtothemoderngeneration
ofmethodsthathavecompletelydominatedsequencingoverthepast30years.Thekey
tothisadvancewastheuseofpolyacrylamidegelstoseparatetheproductsofprimed
synthesisbyDNApolymeraseinorderofincreasingchainlength.DNAsequencestudies
hadnotdevelopedbecauseoftheimmensesizeofDNA moleculesandthelackof
suitableenzymestocleaveDNAintosmallerpieces.Buildingontheenzymecopying
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approachusedbytheCharlesWeissmanninhisstudiesonbacteriophageRNA,Sanger
beganusingtheenzymeDNApolymerasetomakenew strandsofDNAfrom single-
strandtemplates,introducingradioactivenucleotidesintothenewDNA.DNApolymerase
requiresaprimerthatcanbindtoaknownregionofthetemplatestrand[2].

Afewproblemsremainedwiththeplusandminussystem.Sanger,Coulson,andBritish
colleagueSteveNicklendevelopedasimilarprocedureusingdideoxynucleotidechain-
terminatinginhibitors.DNAwassynthesizeduntilaninhibitormoleculewasincorporated
intothegrowingDNAchain.Usingfourreactions,eachwithadifferentinhibitor,setsof
DNAfragmentsweregeneratedendingineverynucleotide.Forexample,intheAreaction,
aseriesofDNAfragmentsendinginA(adenine)wasgenerated.IntheCreaction,a
seriesofDNAfragmentsendinginC(cytosine)wasgenerated,andsoonforG(guanine)
andT(thymine).Whenthefourreactionswereseparatedsidebysideonagelandan
autoradiographdeveloped,thesequencewasreadfrom thefilm [3].

Maxam andGilbertdevelopedaDNAsequencingmethodthatwassimilartotheSanger
andCoulsonmethodinusingpolyacrylamidegelstoresolvebandsthatterminatedat
eachbasethroughoutthetargetsequence,butverydifferentinthewaythatproducts
endinginaspecificbaseweregenerated[3,4].

SANGERSEQUENCINGMETHOD

SangerDNA sequencing relies on the use ofa specialmolecule termed 2’3’
dideoxyribonucleotide triphosphate(ddNTP) which are ddATP,ddGTP,ddCTA and
ddTTA.Thesemoleculesarestructurallydifferentfrom thenormaldeoxyribonucleotide
triphosphate(dNTP)whicharerequiredfortheelongationofthegrowingDNAstrandby
a DNA polymerase through the formation ofphosphodiesterbond.These special
moleculessometimescalledunusualsugararesynthesizedthroughawellprogrammed
targeteddeprotonationof3’carbonatom ofthedeoxyribosering[2].

2’3’DideoxyribonucleotideTriphosphate

2’3’DideoxyribonucleotideTriphosphatearedeoxyribonucleotid(dNTP)analoguewitha
triphosphateandabasegroupboundto5'and1'ofapentosesugarrespectivelyand
witha3'hydroxylgroupofadNTPreplacedwithahydrogenmolecule.The3'hydroxyl
groupisessentialforchainelongationandwithoutit,DNApolymerasecannotaddfurther
dNTP.Theselectiveincorporationofthischainterminatingmolecule(ddNTP)byaDNA
polymerasetoagrowingstrandofanucleotidepreventsfurtherelongationandwhenthe
completesetofthereactionmixtureisrunthroughagelelectrophoreticmedium,they
areseparatedaccordingtotheirsizeswhichwillhelpinthesequencingoftheDNA[3,4,
5].
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Mechanism ofFormationandPreventionofPhosphodiesterBond

A phosphodiesterbond isbond thatthatconnectstwo nucleotide togetherin the
backboneofaDNAmolecule.It’scomposedoftwoesterbond(di-ester)joinedtogether
byaphosphategroup.It’sformedthroughanucleophilicattackofanucleophile(oxygen
moleculeof-OH)onanelectrophile(phosphatemoleculeofthealphaphosphategroup).
Anucleophileisachemicalspeciethatdonatesapairofanelectrontoanelectrophilefor
theformationofachemicalbondinrelationtothereaction.Anelectrophileisthat
chemicalspeciewiththetendencyofacceptinganelectronpairfrom anucleophile[4].
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WhenadNTPisincorporatedintoagrowingDNAstrand

IntheformationofaphosphodiesterbondthroughtheincorporationofadNTPasinthe
abovediagram,theoxygenmoleculeof–OHgroupattachedtothe3’carbonatom ofthe
pentoseringoftheincomingdNTP,initiatesanucleophilicattackonthealphaphosphate
groupofthealreadyincorporatednucleotide.Thisnucleophilicattackbreaksthebond
connectingthealphaphosphategroupto thebetaphosphategroupleadingto the
formationofaphosphodiesterbondandthereleaseofamoleculeofanunstable
pyrophosphate.SangerDNApolymeraseisamodifiedTaqDNApolymerase.Partofthe
modificationinvolvestheadditionofdivalentionandapyrophosphatasewhichfuctionas
acofactorandforthebreakingdownofthepyrophosphaterespectively.Thedivalention
ofthepolymerasenormallyremovesthehydrogen moleculeofthehydroxylgroup
makingtheoxygenmorenucleophilicandthereforeinitiatingapotentnucleophilicattack
whichotherwisewouldhavetakenalongtimetotakeplace.Theunstablepyrophosphate
releasedduetonucleophilicattackcanthroughtheprocessofpyrophosphoroylosis
knockoutthealreadyincorporatedmonophosphatetoform backtriphosphatethereby
counteringtheactionoftheDNApolymerase.Topreventthisfrom happening,partofthe
divalentionstabilizetheunstablepyrophosphateandthenthepyrophosphatasebreaksit
down to an inorganicphosphate releasing an energyrequired byDNA polymerase
activity.In this,there willbe smooth elongation ofthe DNA strand untilthe DNA
polymerasebreaksdownusuallyafteradditionofabout900-1000bases[6,7].

ACTIONOFDNAFORSANGERSSEQUENCING

DNAisolationisaprocessofpurificationofDNAfrom sampleusingacombinationof
physicalandchemicalmethods.ThefirstisolationofDNAwasdonein1869byFriedrich
Miescher.DNAisolationforSangerssequencingisacriticalfirststepintheexperimental
flowofDNAsequencingandfragmentanalysis.Theoverallquality,accuracyandlength
oftheDNAsequencereadcanbesignificantlyaffectedbycharacteristicsofthesample

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 3 November 2020                   doi:10.20944/preprints202011.0163.v1

https://doi.org/10.20944/preprints202011.0163.v1


itself,andthemethodchosenforthenucleicacidextraction.Theisolationpurification
methods used in earlier times were lengthy and tiresome with the use of
ultracentrifugation.Butnow with the advancementofseparation techniques,the
procedureisverysimpleandshort.Idealmethodswillvarydependingonthesource,and
howthesamplewashandledorstoredpriortoextraction[5,6].

MICROFLUIDICSANGER’SSEQUENCINGMETHOD

MicrofluidicSangersequencingisalab-on-a-chipapplicationforDNA sequencing,in
whichtheSangersequencingsteps(thermalcycling,samplepurification,andcapillary
electrophoresis)are integrated on a wafer-scale chip using nanoliter-scale sample
volumes.Thistechnologygenerateslongandaccuratesequencereads,whileobviating
manyofthesignificantshortcomingsoftheconventionalSangermethod(e.g.high
consumption ofexpensive reagents,reliance on expensive equipment,personnel-
intensivemanipulations,etc.)byintegratingandautomatingtheSangersequencingsteps
[8].

Initsmoderninception,high-throughputgenomesequencinginvolvesfragmentingthe
genomeintosmallsingle-strandedpieces,followedbyamplificationofthefragmentsby
PolymeraseChainReaction(PCR).AdoptingtheSangermethod,eachDNAfragmentis
irreversiblyterminatedwiththeincorporationofafluorescentlylabeleddideoxychain-
terminatingnucleotide,therebyproducingaDNA“ladder”offragmentsthateachdifferin
lengthbyonebaseandbearabase-specificfluorescentlabelattheterminalbase.
AmplifiedbaseladdersarethenseparatedbyCapillaryArrayElectrophoresis(CAE)with
automated,insitu“finish-line”detectionofthefluorescentlylabeledssDNAfragments,
whichprovidesanorderedsequenceofthefragments.Thesesequencereadsarethen
computerassembledintooverlappingorcontiguoussequences(termed"contigs")which
resemblethefullgenomicsequenceoncefullyassembled[6,7].

Sangermethodsachievereadlengthsofapproximately800bp(typically500-600bpwith
non-enriched DNA).The longerread lengthsin Sangermethods displaysignificant
advantagesoverothersequencingmethodsespeciallyintermsofsequencingrepetitive
regionsofthegenome.Achallengeofshort-readsequencedataisparticularlyanissuein
sequencing new genomes (de novo)and in sequencing highlyrearranged genome
segments,typicallythoseseenofcancergenomesorinregionsofchromosomesthat
exhibitstructuralvariation[1,2].

Applicationsofmicrofluidicsequencingtechnologies

OtherusefulapplicationsofDNA sequencingincludesinglenucleotidepolymorphism
(SNP)detection,single-strandconformationpolymorphism (SSCP)heteroduplexanalysis,
and shorttandem repeat(STR)analysis.Resolving DNA fragments according to
differencesinsizeand/orconformationisthemostcriticalstep instudying these
featuresofthegenome.Thesequencingchiphasafour-layerconstruction,consistingof
three100-mm-diameterglasswafers(onwhichdeviceelementsaremicrofabricated)
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and a polydimethylsiloxane (PDMS)membrane.Reaction chambers and capillary
electrophoresischannelsare etched between the top two glasswafers,which are
thermallybonded.Three-dimensionalchannelinterconnections and microvalves are
formedbythePDMSandbottom manifoldglasswafer.Thedeviceconsistsofthree
functionalunits,each corresponding to theSangersequencing steps.TheThermal
Cycling (TC) unit is a 250-nanoliter reaction chamber with integrated resistive
temperaturedetector,microvalves,andasurfaceheater.Movementofreagentbetween
thetopall-glasslayerandthelowerglass-PDMSlayeroccursthrough500-μm-diameter
via-holes.Afterthermal-cycling,the reaction mixture undergoes purification in the
capture/purificationchamber,andthenisinjectedintothecapillaryelectrophoresis(CE)
chamber.TheCEunitconsistsofa30-cm capillarywhichisfoldedintoacompact
switchbackpatternvia65-μm-wideturns[4,7,8].

PerformancevaluesforgenomesequencingtechnologiesincludingSanger

methodsandnext-generationmethods
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PerformancevaluesforgenomesequencingtechnologiesincludingSanger

methodsandnext-generationmethods
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SANGER’SDNASEQUENCINGAPLLICATION

The method has been extensively used to advance the field offunctionaland
comparativegenomics,evolutionarygeneticsandcomplexdiseaseresearch.Becauseof
thissuitabilityforroutinevalidationofcloningexperimentandPCRfragments,Sanger
sequencingremainsapopulartechniqueinmanylaboratoriesacrosstheworldanddue
toitsflexibilitytosupportdiverserangesofapplicationinmanyresearchareasSanger’s
DNAisappliedin…..

DenovoSequencing

Denovosequencereferstosequencingorconstructionofanewgenome.Smallreadis
notsufficienttosequenceDenovosequencethereforethereisneed foralongblockto
encapsulate repetitivesequencing.Toeasethebioinformaticsprocessofalignmentin
denovosequencing,overlappingsequencesarebuiltupintoafew largecontigsas
possible.ThisisaidedbyusingSanger’sDNAsequencing.SangerDNAisusedbecause
ofitshighdegreeofaccuracy,increasestheamountofoverlappingsequencingandlong
readcapacity,thereforeincreasesconfidenceinsequenceassembly[9].

TargetedDNASequencing

Sanger’sDNAidentifiesheterozygousbasepositionsorsmallinsertionsordeletionsin
genomicDNA.Itisoftenemployedtolocatemutationsorpolymorphismsindiploid
organisms,detectgeneticrearrangementsandundercoverrarevariants[7,8].

Next-generationSequencingvalidation
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Onetechniqueormethodisnotsufficienttotellthewholestorythereforeresearcheruse
combinationsofapproachesthatwilldeliverthe insightneeded to move research
thereforethereisneedforconfirmationofresultsbyothertechnique.Sanger’sDNA
sequencinghelpsresearcherusingnew generationsequencingbaseddatatoconfirm
theirresultsbyanorthogonalmethod[9].

MicrobialSequencing

Thisisperform fordiverseapplicationsuchasmicrobialidentification,environmental
monitoring, pathogen detection and routine testing of material for bacterial
contamination[9].

MitochondrialSequencing

Mitochondrialis a double membrane bounded organelle which is find in almost
eukaryotessuchasmammals.Examplesofwheremitochondrialcanbeislivercell,
musclesetc.mitochondrialdiseasesisanheterogeneousinheriteddiseasescanariseat
anystageinlife.

Sanger’sDNAsequencingausefultoolforstudyinghumandiseasessuchas

 diabetes,certaincancersandmechanism ofageing

• Populationgeneticsandbiodiversityassessments

• Todetectmutationsinsomecopiesofmitochondriagenome

• Humanidentificationofforensicsapplication

OtherapplicationofSanger’sDNA

Agriculturalbiology research:in cooperated edible vaccine into food product,
biopesticides,diseaseidentificationetc

Human identification such as establishmentofpaternity,identification potential
suspect

Pathogendetectionandanalysis

Foodtesting
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