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3.4.1Electrophoresis & PCR

GelElectrophoresis

Gelelectrophoresisisused toseparate proteinsor fragmentsof DNAaccording to
size

= Gelelectrophoresisis atechnique used widelyin the 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. DNA is
negatively charged due to the phosphate groups and thus,whenplacedinanelectric
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 forgelelectrophoresis 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 gelatone end

2.Submerge the gelinanelectrolyte solution(asaltsolutionthat conducts electricity) in the
tank

3.Load (insert) the DNAfragments into the wells using amicropipette
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4. Applyanelectrical current to the tank. The negative electrode mustbe connected to the
end of the plate with the wells as the DNA fragments willthen move towards the anode
(positive pole) due to the attractionbetween the negatively charged phosphates of DNA and
the anode

5.DNA fragments with asmallermass (i.e. shorter DNA fragments) willmove fasterand further
fromthe wells than the largerfragments

6.The fragments are not visible so must be transferred onto absorbent paperornitrocellulose
whichis thenheated to separate the two DNA strands

7.Probes are thenadded to develop avisual output, either:

= Aradioactivelabel(e.g.aphosphorusisotope), which causes the probes to emit
radiation that makes the X-ray film go dark, creating apatternof dark bands

= Afluorescentstainordye (e.g.ethidiumbromide), whichfluoresces (shines) when
exposed to ultraviolet (UV) light, creating a patternof coloured bands
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The process of electrophoresis

O Exam Tip

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

guestions about gelelectrophoresis, so make sure youunderstand each of the different steps
inthe process.
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Polymerase Chain Reaction (PCR)
PCRcanbeusedtoamplify smallamountsof DNA

= Polymerase ChainReaction(PCR)is acommonmolecularbiologytechnique usedinmost
applications of gene technology
= Forexample,itisusedin 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)
= Using PCR,scientists canproduce billions of identicalcopies of the DNA orRNA samples
withinafew hours,these canthenbe used foranalysis

Therequirementsof PCR

= EFachPCRreactionrequires:
= The target DNA orRNA thatis beingamplified
= |t'simportant that the whole genome is not required to be copied - onlyspecific sections
thatvaryfromone individual to another
= Thesesections are identified byadding aprimer sequence that binds to them

= DNApolymerase - the enzyme used to build the new DNAorRNAstrand.The most commonly
used polymerase is Tagpolymerase as it comes from a thermophilic bacterium Thermus
aquaticus
= This meansitdoes not denature at the hightemperature involved during the first stage
ofthe PCRreaction

= Freenucleotides -usedinthe constructionofthe DNAorRNAstrands
= Buffersolution-to provide the optimumpHforthe reactions to occurin

Thekeystagesof PCR

= The PCRprocessinvolves three key stages percycle

= |neachcyclethe DNAisdoubled (soinastandard runof20 cycles amillionDNAmolecules are
produced)

= ThePCRprocessoccursinapiece of specialistequipment called athermalcycler, which
automatically provides the optimaltemperature foreachstage and controls the length of time
spentateachstage

= Thethree stages are:
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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 between 50 - 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 newidenticaldouble-stranded DNAmolecules

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

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

Q Exam Tip

Youdon'tneed to know the detail of the three stages and the temperatures the reactions occur
atduringthe different stages.However,youmust know whythe Tagpolymeraseis used inPCR
(fromTopic 2.6.3). The mainlearning pointis that PCR can be used to amplify very small amounts
of DNAinto large numbers of molecules foranalysis.
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3.4.2 DNA Profiling

Use of DNA Profiling

DNA profiling involves comparison of DNA

= DNA profiling (genetic fingerprinting) enables scientists to identify suspects foracrime and
identify corpses because everyperson (apart fromidentical twins) has repeating, short,non-
codingregions of DNA (20 to 50 bases long) that are unique to them

= To create aDNA profile fromthe DNAbeingtested scientists complete the followingin
sequence:

1.Obtainthe DNA, whichcanbe extracted fromthe root of ahair,aspotofblood,semenor
saliva

2.Increase the quantityof DNA byusing PCR to produce large quantities of the required
fragment of DNA from very small samples (evenjust one molecule of DNA orRNA).

3.Userestrictionendonucleases to cut the amplified DNAmolecules into fragments

4.Separate the fragments using gelelectrophoresis

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 containpatterns of bars (the DNA profile) which are then analysed and
compared
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DNA Profiling

Use of DNA profiling in Paternitylnvestigations

= Amanmaysometimes deny being the father of achild to evade parentingresponsibilities

= Awomanmaynotknow forsure whichof 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 orfather's
profiles;if not,the alleged true fatheris adifferent man

@ Worked example

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

Remember, anyband showingin the child's profile must be presentinthe mother ORfather's profile,
ORboth.If not,that manis notthe child's father.
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Step 1:Lookat the child's first DNA band (labelled 1)

The motherpossesses this same band, so the child could have inherited that DNAfromits mother. It
is therefore needless tolook at whetheranyofthe menpossess that band

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. OnlymenB
and Dpossess this band,so menAand C are eliminated

Step 3:Lookat the child's third DNA band (labelled 3)

As withband 1,the motherpossesses this same band, so the child could have inherited that DNA from
its mother.Itis therefore needless to look at whetheranyof the menpossess thatband

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

The motherdoes notpossess this band, so the child must have inherited it fromits father. OnlymenA,
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 not possess this band, and the onlymanwho possessesitis B. This reinforces the
conclusionthat ManB is the child's father

Use of DNA profiling in Forensic Investigations

= DNAprofilinghas beenused byforensic scientists to identify suspects of crimes
= Samples of bodycells orfluids (eg.blood, saliva, hair, semen) are taken from the crime scene
orvictims body(eg.rape victims)
= DNAisremoved and profiled
= Theprofileiscompared to samples fromthe suspect (orcriminal DNAdatabase),victimand
people withno connectionto the crime (control samples)
= Care mustbe takento avoid contaminationof the samples

= DNAprofilingcanalso beusedinforensics to identify bodies orbodyparts thatare
unidentifiable (eg.too badlydecomposed orparts remaining afterasevere fire)

= DNAprofilingfromacrime scene canalso eliminate innocent people whose DNAmayhappen to
appearthere
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Using DNA profiling in criminal investigations. Suspect 3 has the most fragments in common with the
crime scene DNA so itis likely that Suspect 3 is the culprit.

O Exam Tip

Inthe exam,youwillbe expected to interpret the results of gelelectrophoresis experiments
used to separate DNA fragments.Forexample, you will be given afew different genetic
fingerprints and will have to match the victim to the crime ordetermine the parents of children.In
these questions,youneed tolookforthe mostbandsincommonoracombinationof parents’
fingerprints that covers all the child's bands.
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3.4.3 Genetic Modification

Genetic Modification

Genetic modificationiscarried out bygene transferbetween species

Genetic modificationis atermusuallyused to referto the transferof DNAsequences fromone
species to another
The keyfeature of the genetic code that makes this possible is thatitis universal, meaning that
almosteveryorganismuses the same fournitrogenous bases - A, T,C & G.There are afew
exceptions
= Additionallythe same codons code for the same amino acids inall living things (meaning
that genetic informationis transferable between species)

Thus scientists have been able to change anorganism's DNA artificially by combininglengths of
nucleotides fromdifferent sources (typicallythe nucleotides are from different species)

If an organism contains nucleotide sequences fromadifferent speciesitis called atransgenic
organism

DNAthat has beenintroduced into the genome of anotherorganismis called recombinant DNA
(rDNA)

Anyorganismthat has introduced genetic material is a genetically modified organism (GMO)
The mechanisms of transcriptionand translationare also universal which means that the
transferred DNA can be translated within cells of the geneticallymodified organism

Recombinant DNA technology

This form of genetic modificationinvolves the transfer of fragments of DNA fromone
organism/species into another organism/species
Theresulting geneticallymodified organism willthen containrecombinant DNA and will be a
Genetically Modified Organism (GMO)
Example
= Agene fromthe bacterium Bacillus thuringiensis(Btforshort) codes foratoxinthat has
insecticide properties
= This gene has useful properties incommercial maize plants (Zea mays), so has been
transferred into transgenic maize plants to make themless susceptible to insect pests,
improving agricultural productivity as aresult
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lllustration of a maize plant that has recombinant DNA (DNA fromBacillus thuringiensis)
Usesof genetic modification

= Because allgenes code forproteins,usefulproteins canbe manufactured bythe creatingof
transgenic organisms
= Some of the keyuses of genetic modificationinclude the genetic modificationof:
= Cropstoincrease cropyield throughresistance to drought, disease, pesticides and
herbicides;orto provide increased nutritional value (e.g.goldenrice)
= Livestockto give disease and pestresistance,increased productivityand new
characteristics (eg.goats that produce milk containing spidersilk)
= Bacteriato produce medicines e.g.insulin. Additionallybacterialcanbe modified to
decompose toxic pollutants orcarryoutlarge scale chemical production

Analogy: Essay Writing and Recombinant DNA

= Creatingtransgenic organisms is ratherlike copying and pasting some text fromone of your
previous essays into the one that you are currently writing

= |fyoubelieve that the essaythat youare currentlywriting can be strengthened bythe use of some
textfromanotheressaythat youhave previouslywritten,itisacommon practice to use the
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computer's copy and paste functionto transfertextinone block without havingto retype it
= This has similarfeatures to genetic modificationinthe creationof atransgenic organism
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Genetic Modification: Enzymes

Genetransfertobacteriausing plasmids makesuse of restriction endonucleasesand
DNAligase

= |norderforanorganismto be geneticallymodified the following steps must be taken:
= |dentificationof the DNA fragment orgene

= |solationofthe desired DNA fragment (eitherusingrestrictionendonucleases orreverse
transcriptase)
= Multiplication of the DNA fragment (using polymerase chainreaction-PCR)
= Transferinto the organismusingavector(e.g.plasmids,viruses,liposomes)
= Aplasmidis asmall, circularloop of DNA found inthe cytoplasmof bacteria,separate
fromits mainloop of DNA
= Plasmids formpart of the bacterialgenome
= Plasmids are extremelyusefulin genetic modificationbecause of theirsmall size and
theirability to be manipulated separately to the bacterium's main genome

Identificationof the cells with the new DNA fragment (by using a marker), whichis thencloned

= Geneticists need the following 'tools'to modifyanorganism:
= Enzymes

= Restrictionendonucleases - used to cut genes at specific base sequences (restriction
sites).Differentrestrictionenzymes cut at differentrestriction sites

= These cancreate sticky ends

= Ligase -usedtojointogetherthe cutends of DNAbyformingcovalent bonds and
sealingup nicks where fragments have not quite beenjoined firmlywith covalentbonds

= Reverse transcriptase - used to build double-stranded DNA from single-stranded RNA

= This DNAis called cDNA (complementary DNA)

= Vectors -used to deliverDNAfragmentsinto acell
= Plasmids -transferDNAinto bacteriaoryeast
= Viruses - transferDNAinto humancells orbacteria
= Liposomes -fuse withcellmembranes to transferDNAinto cells

= Markers - genes that code foridentifiable substances that canbe tracked
= eg.Fluorescent
= suchas greenfluorescent protein (GFP)which fluoresces underUV light
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Anoverview of the steps taken to genetically modify an organism (in this case bacteria are being
genetically modified to produce human insulin)
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NOS: Assessingrisksassociated with scientificresearch; scientistsattempt to
assesstherisksassociated with genetically modified cropsorlivestock

= There are obvious benefits of geneticallymodified organisms being able to express useful
genes forhuman gain
= Nevertheless,there are some potentialrisks that this technology mayraise, which scientists (and
societyingeneral) need to evaluate alongside the benefits
= Forexample,there was muchconcernthatusing microorganisms ingenetic modification
could spread pathogenic disease more widelythanhad beenthe case before

= Thishasledtointense debates betweenscientists and withinwider society about the role that
geneticallymodified crops canplayinthe world
= This topic generates alot of publicity,some parts of it better-informed scientifically than
others
= Scientists mustask:
= What are therisks of anaccident orotherharmfuleffects of using GMOs inagriculture?
= Howdangerous could those effects be?

= Manyscientificinnovations, like GMO crops, appearat first glance to be agreat leap forward to
improve the fortunes of humans as aspecies
= However, the science canbe used inways that are morally questionable (such as rapid
generation of profits)
= Thiscanlead tounexpected problems,as setoutinthe possible risks sectionabove
= |tisimportant forhumans fromallwalks of life,informed byscientists, to:
= Conductethicaldiscussions
= Carryoutrisk-benefit analysis and risk assessment
= Applythe precautionary principle
= Whenadiscoveryraises asignificant threat of harm to the environment orhuman health,
there should be anassumptionthat harmwillbe caused, until evidence is put forward to
the contrary

= |ike allofscience, claims and hypotheses have to backed up with experimental evidence
= Experiments have to be controlled, reliable and repeatable inorderto draw meaningful

conclusions
= Onesuchexampleis the effect of Bacillus thuringiensis (Bt)toxin-containing pollenin maize

plants,onthe distributionand health of monarch butterflylarvae

O Exam Tip

Whenanswering questions about genetic modificationyoushould rememberto include the
names of anyenzymes (restrictionendonucleases,reverse transcriptase, ligase) involved and
mentionthat vectors (transferthe desired gene) are also used.
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Genetic Modification of Crops: Risks & benefits

NOS: Assessing risksassociated with scientificresearch -scientistsattempt to
assesstherisksassociated with genetically modified cropsorlivestock

Although plants and animals have been geneticallymodified to produce proteins used in
medicine, the main purpose forgeneticallymodifyingthemis to meet the globaldemand for
food
The benefits of using genetic modificationratherthanthe more traditional selective breeding
techniques to solve the globaldemand forfood are:

= Organisms with the desired characteristics are produced more quickly

= Allorganisms willcontainthe desired characteristic (thereis no chance thatrecessive allele

may arise inthe population)
= The desired characteristic maycome fromadifferent species/kingdom

Companies that produce geneticallymodified (GM) seed are very skilled at explaining the
benefits of theiruse

The companies make claims aboutimproved crop yields and reductioninthe use of chemical
pesticides/herbicides

These claims make good sense at first,inaworld where arapidly growing human population
needs areliable supplyoffood

Potentialbenefitsof GMcrops

Pest-resistant cropvarieties canbe created using genes that produce atoxin
= Thisreducesinsecticideuseonthecrop
= |nturn,thereisless effectonnon-pestinsects suchas bees inthe vicinityofthe crop

Less ploughing and spraying of the cropisrequired, so less machinery(and fuelto runit) is
required
Crop shelf-life canbe improved, so thereis less wastage in the supply chain

= This makes theland used to grow those crops more productive

Crops canbe made frost-resistant ordrought-resistant, allowing farmers onrelativelypoor
agriculturalland to grow crops and earn aliving
Crops canbe enriched eg. withvitamins, to increase theirnutritional value
Herbicide-resistant crops canbe created, so thatuse of herbicides eliminates competition
fromotherplants
= More ofthecropcangrow asitis notcompetingwith otherplants forsunlight,space, soil
nutrients etc.

Disease-resistant varieties can grow which again,increases crop yields

Potentialrisks of GMcrops
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= Manypeople objectto theuse of GMOsinfood productiondue to alackof long-term
researchonthe effects onhumanhealth
= |tis unknownwhetherit will cause allergies orbe toxic overtime (although there has beenno
evidence to suggest this would occurto date)

= Organic farmers have claimed that the pollenfrom GMcrops may contaminate nearby non-GM
crops that have beencertified as organic
= Environmentalists are concerned about the reductioninbiodiversity forfuture generations,
caused bymonocultures of GMvarieties
= Thereis atheorythatagriculturalmonocultures are not sustainable without heavyuse of
fertilisers

= Crops withless genetic diversity are more vulnerable to extinction
= GMcrops maybecome weeds orinvade the naturalhabitats bordering the farmland

= Herbicide-resistance genes could transferto weed plants resultingin "superweeds"

= GMcrops that produce toxins maycause harmto non-target species like the Monarch butterflies

= The antibiotic-resistance genes that are commonlyused as marker genes in genetic
modificationcould transferto pathogenic organisms that would then be untreatable with
antibiotics - "superbug"

= Tamperingwithviralgenomes could resultinacompletely novel animal virus that can affect
humans orcause existingones to become more harmful to the host

= Thisisonlyanissue if the pathogens are able to escape the lab and enterthe wild

= Overtime mutations may occurintheinserted genes that cause themto have unwanted effects
onorganisms

3.4.4 Cloning

Cloning

= Clones are groups of geneticallyidentical organisms, derived from a single original parent cell
= Aclonedcellisacellthatis genetically identical to the cellthatit originated from
= Sexualreproductionproduces azygote whengametes fuse
= |nasingle birth,thiszygoteis notcloned and willitself reproduce sexuallyas anadult
= |denticaltwins are clones of eachother as theyare formed fromone zygote splittinginto
two parts,whicheach develops into anembryo

= Clones formnaturally and artificially

= The simple gardening technique of taking plant cuttings relies oncloning

= Otherorganisms are manipulated to formmultiple clones when growncommerciallyeg.large-
scale growthof cropplants,to ensure auniformcropand good cropyields

= This ensures that desirable characteristics appearin the phenotypes of everyorganism
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Cloning: Natural Methods

Manyplant species and some animal species have naturalmethods of cloning
Asexualreproductionis muchless commoninanimals thanin plants

Some small animals reproduce asexually by parthenogenesis eg. aphids

The othernaturallyoccurringincidence of cloningin animals is identical twins

Naturalcloninginplants

Manymethods of cloningdo not require seeds as itis not sexualreproductionthatis occurring,
itis asexualreproduction

Awellas runners, plants can propagate asexuallyusingtubers, rhizomes, bulbs, suckers, and
offsets
Allmodes of natural plant cloning contain modified stems that can generate meristemtissue
Potato tubers are swollenmodified roots thatformeyes ontheirsurface

= Eyescansproutnew growth(called 'chitting’)

= Thestarchstoredinthe tuberfuels the earlygrowth of the new plant

Gingerforms rhizomes,amodified stemthat grows horizontallyunderground
= Newgrowthstems fromnodes intherhizome,formingnew stems and adventitiousroots
= Thesectionusedincookeryistherhizome

Onions and garlic formbulbs that can grow adventitious roots underground and leafyshoots
above ground
Suckers are growths that appearfromtheroot systems of manytrees and shrubs, whichcan
provide meristematic tissue forvegetative propagation

= Examples are poplars, cherries and plums

Offsets are small, virtually complete daughterplants that have beenasexuallyproduced onthe
motherplant
= Examples are tulips and lilies
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An example of natural cloning in plants with runners that form adventitious roots
Identical twins

= Aneggis fertilised by aspermasinasingletonbirth

= Thisformsazygote

= Thesinglezygote undergoes afew cell cycles (mitotic divisions)to become anembryo
= Thisis whyidenticaltwins are referred to as monozygotic

= Atthe embryo stage,the embryo splitsintwo;the exact causes of this kind of splitare not well
understood

= The two embryos that form are identical (have exactlythe same genotype) and develop inutero
(i.e.inthe uterus)together

= Theresultis the birth of identical offspring, always of the same gender, withidentical
phenotypes

= Because non-identicaltwins are formed from separate eggs and sperm, theyare not clones
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Identical twins are natural clones when a zygote splits into two parts and each part develops into a
separate embryo

O Exam Tip

Althoughidentical (monozygotic) twins share the same genome at the moment whenthe embryo
splits,identical twins are not clones inthe true sense of the word.Because mutations occur
witheverycellcycle, Twin Awillpossess slightlydifferent DNAbase sequences to Twin B at the
time of birth. The olderthe twins get, the more theirgenomes become dissimilaras mutations
accumulate.Theywill stilllook very alike throughout theirlives unless there are large differences
intheirenvironments as theygrow up.
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The process of embryo twinning (sometimes called splitting orfragmentation) produces
offspringthat are clones of eachotherbut not of theirparents
It has beenaroutine procedure carried out to boost yields of livestockand promote
desirable characteristics since the 1980s
The keystepis the deliberate divisionof the embryo into two half embryos
Bothhalves containcells that are pluripotent

= The embryo is splitat around the eight-cellstage

These are theninserted into asurrogate mother forgestationand birth

The surrogate gives birth to identical twins

Insome cases,embryos are splitinto single identical cells,each of which canbe implanted into a
separate surrogate motheranimal

Although embryo twinning guarantees desirable characteristics inthe offspring,itis not possible
to predict how many offspring will be produced withinaherd of livestock, something of vital
importance to afarmer

Embryo twinning of cattle by splitting the embryo
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Therapeutic cloning

= Thisisatechnique designedto use cloned cells to replace dead ordamaged cells that cause a
loss of functioninanindividual

= Embryos are cloned as inreproductive cloning, but the embryos are removed and subdivided

= FEachindividualembryo cellis pluripotent and can be cultured and artificially differentiated into
anytype of specialised cell

= Intheory,any specialised cellcanbe derived by this method

= Crucially, specialised cells withthe same genome as the sufferer canbe cloned and
replaced

= Anexampleisreplacingspecialised braintissue in sufferers of Parkinson's Disease
= Atpresent,thereis alot of potentialfortherapeutic cloning but little clinicalprogress has been
made

Cloning: Using Differentiated Cells

= Methods have beendeveloped forcloning adult animals using differentiated cells
= Itwould be desirable to clone adifferentiated cellbecause bythenitwould be easyto assess
the organism's characteristics and whetheranyof its traits were desirable enoughto clone
s Pluripotentcells candevelopinto anyspecialised cell, butitis difficult to predict whether,
once differentiated, theywill display desirable characteristics

= Differentiated cells are more difficult to clone because certaingenes have beenpermanently
switched off (those genes willneverbe transcribed again) as the cellhas developed its
specialisedrole
= However, pioneeringwork on Xenopus(the African clawed frog)inthe 1950s involved:
= Removal of nucleifrom Xenopustadpoles'somatic cells
= [twas significant that the somatic cellwas already fully differentiated eg.a skincell
= |nsertionofthese nucleiinto enucleated Xenopusegg cells (eggs whose ownnucleihad
beendestroyed byUVradiationtreatment)

= Thisresulted inembryos that grew, divided and differentiated into fully-functioninglive
tadpoles, and ultimately, adult Xenopusfrogs

= Whilst this work was successful, cloning mammals from differentiated cells proved muchmore
difficult

= The work on Xenopusfrogs laid the platformforthe first mammal cloned by nuclearextraction

= Jtwasn'tuntilthe 1990s that the first large mammal, Dolly the sheep,was cloned successfully
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Cloning of Xenopus frogs by nuclear transfer from a differentiated cell

Somatic Cell Transfer

Production of cloned embryosproduced by somatic cellnuclear transfer

This is the method made famous byDolly the sheep, cloned in Edinburgh, UKin1996
Its fullname is Somatic CellNuclear Transfer (SCNT)
Dollymade headlines as being the first livestock animalto be created fromaclone
Three separate animals are required:

= The animalbeingcloned (bydonatingacell)

s Thefemaleto donateaneggcell

= The surrogate mother

How the procedureis carried out:
= The animalto be cloned donates asomatic (body)cell
= InDolly's case, thiswas anuddercell

= Theeggcellis extracted fromthe eggdonorand enucleated (its nucleus is removed by
suctionand discarded)

= The nucleus fromthe uddercellisinjectedinto the enucleated eggcell

= The hybrid zygote cellis now treated to encourage it to divide by mitosis

= The embryo isimplanted into the surrogate motherforgestationand birth
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Reproductive cloning of animals by somatic cell nuclear transfer
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3.4.5 Skills: Genetic Modification & Biotechnology

Cloning Plants

Design of an experiment toassessone factoraffectingtherooting of stem-cuttings

= Stems canbe cutso thatroots develop fromthe cutend ofthe stem
= Thisis awayofcloning plants artificially, used routinely by gardeners and horticulturalists
= Inmostplants,astemcutbelowanodeis theideal place to cut

= Anodeisthe positionwhere leaves branch off the stem

= |Leaves below this pointare removed

= Thebottomsectionofthe stemisinsertedinto compost orwater
= Compostmustbe sterilised beforehand byheating
= Compostshould be wellwatered and aerated
= Hormonerootingpowdermayassistthe process ofrooting

= Aplastic bagwithholes cutinitis used to coverthe plant,to prevent excessive waterloss
= Rootingtakes afew weeks untilthe cuttingisrooted independentlyinits soil
= Thesuccessofrootingis variable and canbe tested by experimentation

@ Worked example
Designanexperiment to assess the effect of addinghormone rooting powderto aplant cutting
beforerooting.

Step 1:Decide the independent variable

Thisis whatl,as ascientist, alter.This is whetherto use hormonerootingpowderornotwhen planting
out cuttings

Step 2:Decide the dependent variable

This is what Iwill measure at the end of the experiment. This willbe the mass of root matterformed by
the cuttings.The root matterwill be removed using asharp scalpeland weighed onanaccurate lab
balance

Step 3:How willthe amount of root formationbe measured?
This caninvolve cutting away all the root material and weighingiit

Step 4:What variables should be kept constant for avalid investigation?
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Species of plant,brand of compostused,mass of compostused, the sterilisationmethod of the
compostused,potsize,lengthof cutting, approxleaf surface area present, lightintensity,
temperature, size/material of the plastic bag, size/numberof holes inthe plastic bagand time taken
forthe growth of plants

Step 5:How many different types of plants should be used?

Aplantspecies should be chosenforrooting experiments that formroots readilyinwaterorasolid
medium. Basil plants (Ocimum basilicum) are readily available, inexpensive and formroots easily

Step 6:How many cuttings should be used foreachtreatment

Ideally, three repeats (minimum) foreachtreatment.This allows repeats forthe identification of
anomalies and calculationof areliable mean

Step 7:Draw out ablankresults table to frame theresults
This helps to refine the experimental designbefore labwork starts

Blank Results Table

Step 8:Dataprocessing

How willlprocess the datalgenerate to give meaningful conclusions?
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Calculate a% change inthe meanmass of root material fromusingno rootingpowderto using
rootingpowder

Step 9:Improvements to the experiment

Dryingthe root materialinanovenat 50°c to determine the drymass of root material. This removes
variation caused bypossible fluctuations inroottissue’s watercontent

Conductmorerepeats to improve the reliabilityof the data

Perform experiments ondifferent plants orbyusingadifferent brand ofrooting
powder/combinations of planthormones
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Analysis of DNA Profiles

= |nforensicinvestigations,samples of cells orbodilyfluids containing DNA have to be takenfrom
all victims, witnesses and suspects
= Care mustbe takennotto mixup/contaminate samples
= Defencelawyers oftenseekto scrutinise the accuracyof DNAsampling because the
identificationofasamplingerrorcaninvalidate evidence and resultinanacquittal

= The same patternofbandsinaspecimenleftatacrime scene and apossible suspectis often
enoughto convict that suspect

= |npaternityinvestigations, analysis is more complicated because eachband found inthe child's
DNA profile must be found eitherinthe mother's orthe father's DNA

= |fachild displays aband thatis not displayed by the mother orthe manwho is presumed tobe
the father,adifferent man must be that child's father(see page 3.4.2 DNA profiling)

@ Worked example

PaternityInvestigation: Who's the Father? - Use the DNA profiles of all 6 people shownto work
outwho the child’s fatheris

Remember, anyband showingin the child's profile must be presentinthe mother ORfather's profile,
ORboth.If not,thatmanis not the child's father.
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Step 1:Lookat the child's first DNA band (labelled 1)

The motherpossesses this same band, so the child could have inherited that DNAfromits mother. It
is therefore of no benefitto look at whetheranyof the menpossess thatband

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

The motherdoes not possess this band, so the child must have inherited it fromits father. OnlymenB
and Dpossess this band,so menAand C are eliminated

Step 3:Lookat the child's third DNA band (labelled 3)

As withband 1,the motherpossesses this same band, so the child could have inherited that DNA from
its mother.Itis therefore of no benefitto look at whetheranyofthe 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. OnlymenA,
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 not possess this band, and the onlymanwho possessesitis B.This reinforces the
conclusionthat ManB is the child's father

Forensiclnvestigations
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Using DNA profiling in criminal investigations. Suspect 3 has the most fragments in common with the

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

Assessing the Ecological Risks of GM Crops

Analysis of data onriskstomonarch butterfliesof Btcrops

= The bacterium Bacillus thuringiensis(or Btforshort) produces anaturalproteintoxinthat has

insecticide properties
= Manygroups of insects are killed by this toxinincluding,bees, flies,beetles and butterflies
= This causes considerable collateraldamage to the surroundingecosystem

Farmers growing corn(maize) have to spraytheircrop withinsecticide to preventinsect pests
suchas cornborers
Cornhas beengeneticallymodified to express the Bttoxingeneinallits tissues includingits
pollen
= Thisimprovesyields and greatly reduces the need for crop spraying, so has benefits to
the farmers

One species affected by Bttoxinis the monarch butterfly (Danaus
plexippus)

= D.plexippuslarvae feed on milkweed that grows inthe vicinityof corncrops
= Milkweed thatbecomes dusted with pollenthatis spread bythe wind fromtransgenic corn
canpoisonthe monarchbutterflylarvae,leadingto areductioninnumbers of the butterfly

This effectcanbe investigated by experimentationto examine the effects of growing
transgenic Bttoxincorn
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Experimental set-up to prove the effect of Bt toxin-containing pollen on monarch butterfly larvae

The Effect of Various PollenTypes onMonarchButterfly Larvae Results Table
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A graph showing the results from the experiment

Results summary
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= Theresults showed that the larvae not dusted with pollenate more of the leaves

= Ofthelarvae dusted withpollen,the ones dusted withnon-GMpollenate more of the leaves

= The survivalrate of the larvae dusted with GM pollenwas the lowest of all three

= The meanmass oflarvae at the end of the studywas double fornon-dusted larvae thanforthose
dusted withGMpollen

= Thesedatashowastronglinkbetweentheuse of BttoxinGMcrops and collateraldamage to a
neighbouring animal species

Considerationsfor experimental setup

= Controlvariables would be:
= Thesize/age of the larvae at the beginning of the experiment
= Samesize/areaofleaves usedineachexperiment
= Same species of larvae/milkweed
= Same temperature/illumination/growth medium
= Same availabilityof water

= Fiverepeats were completed perexperimentforreliability
= Errorbarswere constructed inthe datato demonstrate alow likelihood thatalink between GM
crops and monarch butterfly populations could have occurred by chance

O Exam Tip

Drawing ablank results table before anyexperimentisagoodideaforafewreasons:

1.Ithelps the scientistto designthe correctsize and scope of the experiment

2.1t mayprompt the scientist to perform an experimental variation that he/she hadn’t thought of
when setting up the initial investigation

3.1tis neaterand more systematic forrecording experimental results;hands can get quite
messywhen conducting experiments, especiallywhere plants and soil are involved!
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