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DNA Replication

Importance of DNA Replication

Thereplicationof DNAis semi-conservative and depends oncomplementarybase pairing
Semi-conservative means thatone strand of the '‘parent' DNAis keptinthe 'daughter' molecule
= Thisis called the template strand
The otherhalfis determined bythe code onthe template strand and is built up from free
nucleotidesinthe nuclearspace around the chromosomes
This takes place inthe nucleus
= |fanadenineis the next exposed base onthe original strand, athymine nucleotide is added
and vice versa
= |facytosineisthe next exposed base onthe original strand, a guanine nucleotideis added
and vice versa
= Nucleotides are added one by one to the new strand accordingto the rules of
complementary base-pairing
Hydrogenbonds canonlyformbetweenthe template strand and the new strand if the correct
bases are paired up
Therefore,the new DNAmolecule has kept half of the parent DNA and thenused this to create a
new,daughterstrand
DNAreplicationis important inmulticellular organisms formanyreasons, such as:
= Growth
= Replacement of old/damaged cells and tissues
= Reproduction

O Exam Tip

Make sure youdon’'tconfuse ‘parent cell’ with ‘parent organism’. Aparent cellis anycellin the
bodythatdivides into two cells and the terminologyis used to referto the ‘original’ cell that the
DNAcame frombefore it was splitand replicated semi-conservatively.

Semi-ConservationReplication

DNApolymerase links nucleotides togetherto formanew strand, using the pre-existing strand as
atemplate
Before a(parent) celldivides,itneeds to copy the DNA contained withinit
= Thisis so thatthe two new (daughter) cells produced willbothreceive the fullcopies of the
parental DNA

The DNAis copied viaaprocess known as semi-conservative replication (half the DNAis kept)
= The processis called so becauseineachnew DNA molecule produced,one of the
polynucleotide DNA strands (half of the new DNAmolecule)is fromthe original DNA
molecule being copied
= The otherpolynucleotide DNAstrand (the otherhalf of the new DNA molecule) has to be
newly created by the cell

Semi-conservative DNAreplicationdiagram
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Semi-conservative replication of DNA
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Theimportance of keeping one original DNA strand

= |tensures thereis genetic continuity withahighdegree of accuracy between generations of
cells
= |notherwords,itensures thatthe new cells produced during cell divisioninherit all their
genes withthe correct sequence of DNAbases fromtheirparent cells

Crick and Watson proposed semi-conservative replication

= Aspartoftheirdiscoveryofthe double-helixstructure of DNA, Crickand Watsonmade a
hypothesis about how DNA copies duringcell growth

= Theyproposed asemi-conservative model,buthad not provided the evidence

= This was provided by two laterscientists,Meselsonand Stahl,inanotheraward-winning piece of
research

= Analysis of Meselsonand Stahl’s results gave the necessary support for Crick & Watsons'
hypothesis of semi-conservative replication of DNA
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Helicase & DNA Polymerase

= DNAreplicationoccursinpreparationformitosis, when DNAmust be doubled before the parent
cellcandivide to produce two geneticallyidenticaldaughtercells
= The enzyme helicase first unwinds the DNA, by flattening outits helical structure
= Analogy-think aboutuntwistingarope ladder

= Helicase thencauses the hydrogenbonds to break between pairs of bases, exposingbases on
eitherstrand

= Analogy-unzippingazipper

= Eachofthese single polynucleotide DNAstrands acts as atemplate forthe formationof anew
strand made fromfree nucleotides that are attracted to the exposed DNAbases bybase pairing

Function of helicase and DNA polymerase diagram

Helicase and DNA polymerase work together to replicate each strand of DNA

= DNApolymeraselinks nucleotides togetherto formanew strand, using the pre-existing strand as
atemplate

= Followingthe actionof helicase, the template strand is exposed and new nucleotides are
joined togetherby DNA polymerase, which catalyses condensationreactions,to forma
new strand

= Thesereactionsoccurbetweenthe deoxyribose sugarand phosphate groups of adjacent
nucleotides withinthe new strands, creating the sugar-phosphate backbone of the new
DNAstrands

= DNApolymerase always works inthe same directionalongastrand of DNA,the 5'to 3’
direction
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= This means thatitadds the 5' terminal of the new nucleotide to the 3' terminal of the
strand being built

» Hydrogenbonds thenformbetween the complementary base pairs of the

template and new DNA strands
= This method ofreplicating DNAis known as semi-conservative replicationbecause half of the
original DNAmoleculeis kept (conserved)ineach of the two new DNAmolecules

Overviewof DNAreplicationdiagram
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The combined actions of helicase and DNA polymerase create new complementary DNA strands
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Electrophoresis & PCR

Electrophoresis & PCR

Gel electrophoresis

= Gelelectrophoresisis atechnique used widelyinthe analysis of DNA,RNA, and proteins
= Duringelectrophoresis,the molecules are separated withanelectric current according to their
size ormass and theirnet (overall)charge
= This separationoccurs because of:
= The electricalcharge molecules carry:
= Positivelycharged molecules willmove towards the cathode (negative pole),whereas
negatively charged molecules willmove towards the anode (positive pole),e.g. DNAis
negatively charged due to the phosphate groups and thus,whenplaced inanelectric
current,the molecules move towards the anode
= The different sizes of the molecules:
= Differentsized molecules move through the gel(agarose forDNA and polyacrylamide for
proteins) at differentrates.The tinypores inthe gelresultin smaller molecules moving
quickly, whereas larger molecules move slowly
= Thetypeofgel:
= Different gels have different sized pores that affect the speed at whichthe molecules
canmove through the gel

DNA separation

= DNAcanbecollected fromalmostanywhere onthe body,e.g.therootofahairorsalivafroma
cup.Aftercollection,DNAmust be prepared forgel electrophoresis so that the DNA can be
sequenced oranalysed forgenetic profiling (fingerprinting)

= To prepare the fragments, scientists must firstincrease (amplify) the numberof DNAmolecules by
the Polymerase ChainReaction (PCR)

= Thenrestriction (DNA-cutting) enzymes are used to chop the DNAinto fragments

Method

= To separate the DNA fragmentsingelelectrophoresis:

1.Create anagarose gelplate inatank.Wells (aseries of smallrectangularholes) are cutinto
the gelatoneend

2.Submerge the gelinanelectrolyte solution(asalt solutionthat conducts electricity) inthe
tank

3.Load (insert) the DNA fragments into the wells using amicropipette

4. Applyanelectrical current to the tank. The negative electrode must be connected to the
end of the plate with the wells as the DNA fragments willthen move towards the anode
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(positive pole) due to the attractionbetween the negativelycharged phosphates of DNA and
the anode
5.DNA fragments with asmallermass (i.e. shorter DNA fragments) willmove fasterand further
fromthe wells thanthe larger fragments
6.The fragments are not visible so mustbe transferred onto absorbent paperornitrocellulose
whichis thenheated to separate the two DNA strands
7.Probes are thenadded to develop avisual output, either:
= Aradioactive label(eg.aphosphorusisotope), whichcauses the probes to emit
radiation that makes the X-rayfilm go dark, creating a patternof dark bands
= Afluorescentstainordye (eg.ethidiumbromide), whichfluoresces (shines)when
exposed to ultraviolet (UV) light, creatingapatternof coloured bands

Gelelectrophoresisdiagram
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The process of electrophoresis

O ExamTip

Remembergelelectrophoresisis the separationof molecules accordingto theirsize and
charge (negativelycharged DNAmolecules move to the positive pole). Examiners like to ask

questions about gel electrophoresis, so make sure youunderstand each of the different steps
inthe process.

Polymerase Chain Reaction (PCR)

= Polymerase ChainReaction(PCR)is acommonmolecularbiologytechnique used inmost
applications of gene technology

= Forexample,itis used in DNA profiling (e.g.identification of criminals and determining
paternity) orgenetic engineering

= Inthe COVID-19 pandemic, PCR has beenused inroutine diagnostic testing to amplify small
amounts of viral RNA

= [tcanbe described as the invitromethod of DNA amplification

= |tisusedto produce large quantities of specific fragments of DNA orRNA fromvery small
quantities (evenjustone molecule of DNA orRNA)

= UsingPCR,scientists canproduce billions of identicalcopies of the DNAorRNA samples
withinafew hours,these canthenbe used foranalysis

Therequirements of PCR

= EachPCRreactionrequires:
= The target DNA orRNA thatis beingamplified
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= |t'simportant that the whole genome is not required to be copied - onlyspecific sections
that varyfromoneindividual to another
= Thesesections areidentified byaddingaprimersequence that binds to them
= DNApolymerase -the enzyme used to build the new DNAorRNAstrand.The most commonly
used polymeraseis Tagpolymerase as it comes from a thermophilic bacterium Thermus
aquaticus
= Thismeansitdoes not denature at the hightemperature involved during the first stage
ofthe PCRreaction
= Freenucleotides -usedinthe constructionofthe DNAorRNAstrands
= Buffersolution-to provide the optimum pHforthe reactionsto occurin

The key stages of PCR

= The PCRprocessinvolves three key stages percycle

= |neachcyclethe DNAis doubled (soinastandard runof 20 cycles amillionDNAmolecules are
produced)

= The PCRprocessoccursinapiece of specialistequipment called athermalcycler,which
automatically provides the optimaltemperature foreachstage and controls the lengthof time
spentateachstage

= Thethree stages are:

1.Denaturation - the double-stranded DNAis heated to 95°C which breaks the hydrogen
bonds thatbond the two DNA strands together

2.Annealing - the temperature is decreased to between50 - 60°C so that primers can anneal
to the ends of the single strands of DNA

3.Elongation/Extension - the temperature isincreased to 72°C foratleast aminute, as this is
the optimum temperature for Tagpolymerase to build the complementarystrands of DNAto
produce the newidentical double-stranded DNAmolecules

= Eachwhole cycle takes afew minutes,so 30 cycles cantake justafewhours and cangenerate
23 (overlbillion) copies of agene fromasingle DNAmolecule, by exponential amplification

DNA amplificationduring PCRdiagram

Target DNA sequences can be copied exponentially by PCR to generate billions of copies in a short time
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Electrophoresis & PCR: Applications

Electrophoresis & PCR: Applications
DNA profiling

= DNA profiling (genetic fingerprinting) enables scientists to identify suspects of acrime and
identify corpses
= Everyperson(apart fromidentical twins) has repeating, short,non-codingregions of DNA(20 to
50 baseslong)thatare unique to them
= Theseregions of DNAare called VNTRs (Variable NumberTandem Repeats)
= DNAprofilinginvolves using gelelectrophoresis to separate VNTR fragments according to
lengthto create apatternof bands thatis unique to everyindividual,sometimes called the
genetic fingerprint
= To create aDNA profile fromthe DNAbeingtested scientists complete the followingin
sequence:
1.Obtainthe DNA, whichcanbe extracted fromthe rootof ahair,aspotofblood,semenor
saliva
2.Increase the quantityof DNA byusing PCRto produce large quantities of the required
fragment of DNA fromvery small samples (evenjust one molecule of DNA orRNA).
3.Userestrictionendonucleases to cut the amplified DNAmolecules into fragments
4.Separate the fragments using gel electrophoresis
5.Add radioactive or fluorescent probes that are complementaryand therefore bind to
specific DNAsequences
6.X-rayimages are produced orUVlightis used to produce images of the fluorescent labels
glowing
7.Theseimages contain patterns of bars (the DNA profile) which are thenanalysed and
compared

Use of DNA profiling in Paternity Investigations

= Everypersoninherits theirDNAVNTRs fromboththeirmotherand theirfather

= Amanmaysometimes deny being the father of achild to evade parentingresponsibilities

= Awomanmaynotknow forsure which of herrecent sexual partners is the fatherof a child

= Achild maywishto know definitivelywho his/herfatheris to be aware of possible inherited
illnesses that might affect him/herin future

= DNAprofiles of the motherand child are compared, alongwith the profile of the alleged father(all
three are needed)

= Patterns of bands are compared onall three genetic profiles

= Anyband thatappears inthe child's profile must show ineither the mother's or father's
profiles;if not,the alleged true fatheris adifferent man

Page 11 of 19
For more help visit our website www.exampaperspractice.co.uk



=

Exam Papers Practice

@ Worked example

Who's the Father? - Use the DNA profiles of all 6 people shownto work out who the child’s father
is

DNA profiles of achild, amother and 4 possible fathers

Remember, any band showingin the child's profile must be presentinthe mother ORfather's
profile, ORboth.If not,that manis notthe child's father.

Answer:
Step 1:Lookat the child's first DNA band (labelled 1)

The motherpossesses this same band, so the child could have inherited that DNA fromiits
mother.ltis therefore needless to look atwhetheranyofthe menpossess thatband

Step 2:Lookat the child's second DNA band (labelled 2)

The motherdoes notpossess this band, so the child must have inherited it fromits father. Only
men B and D possess this band,so menAand C are eliminated

Step 3:Lookat the child's third DNA band (labelled 3)
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As withband 1,the motherpossesses this same band, so the child could have inherited that DNA
fromits mother.Itis therefore needless to look at whetheranyof the menpossess that band

Step 4:Lookat the child's fourthDNA band (labelled 4)

The motherdoes notpossess this band, so the child must have inherited it fromits father. Only
menA, B and C possess this band, but Aand C have alreadybeen eliminated

Step 5:Conclude that Bis the father
Step 6:Lookforsupportingevidence fromband 6

The motherdoes notpossess this band, and the onlymanwho possessesitis B.This reinforces
the conclusionthat ManB s the child's father

Use of DNA profiling in Forensic Investigations

= DNAprofilinghas beenused byforensic scientists to identify suspects of crimes
= Samples of bodycells orfluids (e.g.blood, saliva, hair, semen) are takenfromthe crime scene
orvictims body(e.g.rape victims)
= DNAisremoved and profiled
= The profileis compared to samples fromthe suspect (orcriminal DNA database), victimand
people withno connectionto the crime (control samples)
= Care mustbe takento avoid contaminationof the samples
= DNAprofilingcanalso be usedinforensics to identify bodies orbodyparts that are
unidentifiable (e.g.too badlydecomposed orparts remaining aftera severe fire)
= DNAprofilingfromacrime scene canalso eliminate innocent people whose DNA mayhappento
appearthere
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Using DNA profiling in criminal investigations. Suspect 3 has the most fragments incommon with the

crime scene DNA so it is likely that Suspect 3 is the culprit.

O ExamTip

Inthe exam, youwillbe expected tointerpret the results of gel electrophoresis experiments
used to separate DNA fragments.Forexample,you will be given afew different genetic
fingerprints and willhave to match the victimto the crime ordetermine the parents of children.In
these questions,youneed to lookforthe mostbandsincommonoracombinationof parents’
fingerprints that covers all the child's bands.

NOS: Reliability is enhanced by increasing the number of measurements in an
experiment or test

Increasing the reliability of scientific conclusionsis averyimportant aspectof all
experimentation, but this is particularlyimportant when evidence is beingcollected foruseina

courtoflaw
Itis almostimpossible to be 100% certainthat anyevidence provided is absolutelycorrect
In DNA profiling, reliability can be increased byincreasing the number of VNTR markers being

observed and compared
The more VNTRs used, the lower the chance of afalse match
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Mechanism of DNA Replication (HL)

Directionality of DNA Polymerase

= Similarto transcriptionand translation, DNAreplicationmustoccurinthe 5’ to 3’ direction

= DNApolymerase onlyworksina5’to 3’ direction,addingnucleotides to the 3’ end of astrand of
nucleotides

= DNAnucleotides have aphosphate bonded to the 5’ carbonof the deoxyribose sugar

= WhenDNA polymerase adds anew nucleotide to extend the DNA strand, the 5’ phosphate group
of theincoming DNA nucleotide bonds to the free 3’-OH group onthe growing strand

DNAnnucleotide structurediagram

DNA nucleotides have a phosphate bonded to the 5’ carbon of the pentose sugar

5'and 3'endsof aDNAstrand diagram
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When DNA polymerase adds a new nucleotide, the 5’ phosphate group of the incoming nucleotide bonds
to the free 3’ -OH group on the growing strand
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The Leading & Lagging Strand

= Double-stranded DNA consists of two antiparallel strands
= This means thatone strand runs from5'to 3', while the otherstrand runs from3'to 5'
= During DNAreplication, the two strands are ‘unzipped’and DNA polymerase moves alongeach
template strand linking nucleotides togetherto formanew strand
= Crucially, DNA polymerase canonly add new nucleotidesina5’to 3’ direction
= Asthe template strands are antiparallel,replicationneeds to proceed inopposite directions
= Asthereplicationfork opens upinone directiononly,eachnew strand is synthesised differently
= Theleadingstrandis made continuously,followingthe fork asitopens
= Thelaggingstrand is made discontinuously,inshort fragments,awayfromthe fork
= These fragments are called Okazakifragments
= Asmore template strand is exposed, new fragments are created
= Okazakifragments are laterjoined togetherby DNAligase to formacontinuous
complementary DNA strand
= BeforenewDNAnNucleotides canbe added to the new DNA strand, first an RNA primer must be
added to create abindingpoint for DNA polymerasellil
= The RNAprimeronlyhas to be added once onthe leading strand but severalare needed on
the lagging strand to initiate each fragment

Difference betweenreplicationonthelagging andleading strands of DNAdiagram
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During DNA replication, synthesis of the leading strand is continuous but synthesis of the the lagging
strand is discontinuous in small fragments (not all the enzymes involved are shown)
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Enzymesin DNA Replication

DNAreplicationis carried outbyacomplexsystemof enzymes workingas ateam
Helicase unwinds the DNA double helix at the replicationfork
= Helicase thencauses the hydrogenbonds betweenthe two strands to break so thattheycan
separate
Single-stranded binding proteins keep the separated strands apart whilst the template strand is
copied
DNA primase generates ashort RNA primeron the template strands
= ProvidinganinitiationpointforDNApolymerase lllto add new nucleotides
Anumberof polymerases are involved in DNAreplication,each with different functions
= Two of these polymerases are
= DNApolymeraselll, which starts replication next to the RNA primerlinking nucleotides in
a5’to 3’directionto formanew strand
= DNApolymerasel, whichremoves the RNA primers onthe leadingand lagging strands
and replaces it with DNA
DNA ligase joins up the Okazaki fragments by catalysing the formation of sugar-phosphate
bonds

Proofreading Replicated DNA

Eachtime ahumancellreplicatesitrequires 3 bilionnew base pairs to be synthesisedinorderto
fullyreplicate the genome
The copyingprocessisnot100% perfect and mistakes do occur,these are called mutations
= Mutations canbe harmfulto the functioningofthe new celland lead to diseases suchas
cancer
Inprokaryotes,inorderto reduce mistakes duringreplicationthe enzyme DNA polymerase il
acts as aproof-readerof the new daughterstrand of DNA
= |tcanrecogniseincorrect DNA nucleotidesinthe daughterstrand
= |treversesdirectioninorderto remove theincorrectnucleotide fromthe 3'end of this
strand
= The correct nucleotideis theninserted and the polymerase lllenzyme continues replication
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