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Gene Mutations

Gene Mutations

= Agene mutationis achangeinthe sequence of base pairsina DNAmolecule;this mayresultina
new allele

= Mutations occurall the time and at random
= There are certainpointsinthe cellcycle whenmutations are more likelyto occur, for
example,copying errors whenDNA s beingreplicated (S phase of interphase)
= Asthe DNAbase sequence determines the sequence of amino acids that make up a

polypeptide, mutations inagene cansometimeslead to achangeinthe polypeptide that the
genecodes for

= Mostmutations are harmful orneutral (have no effect) but some can be beneficial
= Inheritance of mutations:

= Mutations presentinnormal bodycells are not inherited, theyare eliminated from the
populationonce those cells die

= Mutations withingametes are inherited by offspring, possibly causing genetic disease
Substitution mutations

= Amutationthat occurs whenanucleotide baseinthe DNAsequenceis randomly swapped fora
differentbaseis knownas asubstitutionmutation
= Asubstitution mutationwillonlychange the amino acid forthe triplet (group of three consecutive
bases)where the mutationoccurs;itwillnot have aknock-oneffect furtheralongthe
gene/polypeptide
Substitution mutationdiagram

An example of a substitution mutation altering the sequence of amino acids in the polypeptide
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Insertion mutations

= Amutationthatoccurs whenanucleotide (withanew base)is randomly inserted into the DNA
sequenceis knownas aninsertionmutation

= Aninsertion mutation changes the amino acid that would have beencoded forby the original
base triplet,asitcreates anew, different triplet of bases

= Remember-everygroup of three basesinaDNAsequence codes foranamino acid

= Aninsertionmutationalso has aknock-oneffect bychanging the triplets (groups of three
bases)furtheroninthe DNAsequence

= Thisis sometimes known as aframeshift mutation

= This may dramatically change the amino acid sequence produced from this gene and therefore
the ability of the polypeptide to function

Insertion mutationdiagram

An example of aninsertion mutation

Deletion mutations

= Amutationthatoccurs whenanucleotide (and thereforeits base)israndomly deleted from
the DNAsequence

= |like aninsertionmutation,adeletion mutation changes the amino acid that would have been
coded for

= |ike aninsertionmutation,adeletionmutationalso has aknock-oneffect by changing the
groups of three bases furtheroninthe DNA sequence

= Like aninsertionmutation, this is sometimes known as a frameshift mutation

= This may dramatically change the amino acid sequence produced from this gene and therefore
the ability of the polypeptide to function
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Causes of Gene Mutations

= Mutagenic agents are environmental factors thatincrease the mutationrate of cells
= Radiationcancause chemicalchangesin DNA, this includes:
= High-energy radiationsuchas UV light
= |onisingradiationsuch as X-rays,gammarays and alpha particles
= Chemicalsubstances canalso caused changes to DNA, examplesinclude
= Benzo[alpyrene and nitrosamines found intobacco smoke
= Mustard gas used as achemicalweaponinWorld Warl
= Mutagens canalso come frominside the cellsuchas particularenzymes that eitherbreak
downDNAorproduce substrates that are mutagenic
= Some mutations maybe produced atrandom, this canhappenmost frequently during DNA
replicationand repair where errors inthe nucleotide sequence are notdetected by the
proofreadingprocess carried out by DNA polymerase
= |fthe polymerase detects thatawrongnucleotide has beenadded, it willremove and
replace the nucleotide before continuing with DNA synthesis
= Most mutations do not alterthe polypeptide oronlyalterit slightlyso thatits structure or
functionis notchanged
= Asthe genetic codeis degenerate (more thanone tripletcode codes forthe same amino acid)
some mutations willnot cause achange inthe amino acid sequence

Randomnessin Mutations

= Mutations canoccuranywhere inthe base sequence ofagenome onallchromosomes inall
organisms
= Thisishownew strains of viruses orbacteriacancomeinto existence
= Somelocations of the genome are more likelyto mutate thanothers
= Uncoiled DNA has ahigher probability of encountering mutations than DNA tightly coiled
around ahistone asitis more exposed
= Manymutations occurinnon-codingregions of DNA such as satellite DNA
= Mutationhotspots are regions where mutations are more frequent. One hotspotis where
the nucleotide cytosine (C)is followed by guanine (G) and is called aCp G site
= Whenmethylationoccurs here,C canmutate into Thymine (T) in a substitution mutation
= Where this occursrepeatedlyitis knownas a CpGisland and is associated with particular
cancers suchas colorectalcancer

Intentional changes to base sequences

= No knownmechanisms exist where cells are able to intentionallymutate orchange theirDNAbase
sequence

= Proofreadingprocesses existto change amutationbackinto its original sequence but no
mechanismexists for makingadeliberate change to abase orsequence of bases withthe
purpose of changingatrait of the organism
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Consequences of Gene Mutations

Consequences of Base Substitutions

= Base substitutions are amutationthat occurs whenabase inthe DNA sequence is randomly
swapped foradifferent base
= Asubstitution mutationcanonlychange the amino acid forthe tripletin which the mutation
occurs;itwillnothave aknock-oneffectontherestofthe sequence
= Abase substitutioncanresultinsingle nucleotide polymorphisms, frequentlycalled SNPs
(pronounced “snips”)
= Theserepresentadifferenceinasingle DNA nucleotide.E.g.aSNP mayreplace the
nucleotide cytosine (C) with the nucleotide thymine (T)inacertainstretchof DNA
= SNPs occurnormallythroughout aperson’s DNA
= Theyoccuronceinevery300 nucleotides onaverage,whichmeans there are roughly 10
million SNPs inthe human genome
= SNPs arecommonlyfoundinthe non-codingregions of DNAbetween genes
= Theycanactas biologicalmarkers, helpingto locate genes that are associated withdisease

The effect of SNPs

= Substitution mutations can take three forms which mayormaynot change the amino acid of a
polypeptide chain:

= Silent mutations - the mutationdoes not alter the amino acid sequence of the polypeptide
(thisis because certaincodons maycode forthe same amino acid as the genetic codeis
degenerate)

= Missense mutations - the mutationalters a single amino acid in the polypeptide chain
(sickle cellanaemiais anexample of adisease caused bya single substitution mutation
changing asingle amino acid inthe sequence)

= Nonsense mutations - the mutationcreates apremature stop codon(signalforthe cellto
stoptranslationofthe mMRNAmolecule into anamino acid sequence), causing the
polypeptide chainproduced to be incomplete and therefore affecting the final protein
structure and function(cystic fibrosisis anexample of adisease caused byanonsense
mutation, although thisis not always the onlycause)

Page 4 of 8
For more help visit our website www.exampaperspractice.co.uk



=

Exam Papers Practice

Consequences of Insertions & Deletions

= Insertions and deletions are two types of point mutations, which are mutations thatinvolve a
change inthe DNAbase sequence at asingle location
= Aninsertionoccurs whenanextranucleotideisincorporatedinto the DNAsequence during
replication
= Adeletionmutationoccurs whenanucleotideis missed orabsent fromthe replicated
strand
= These mutations are oftenconsidered more harmful than substitutions, because theyimpacton
the waytherest of the sequenceisread bymRNA orthe ribosome
= |nsertions and deletions of nucleotides canalso have the effect of aframeshift mutation
= This causes acomplete change to the entire amino acid sequence of aprotein afterthe mutation
site and cancause the polypeptide to cease to function
= This happens because of the waythe translated mRNAis read by the ribosomes
= The mRNAisreadincodons (groups of 3 nucleotides)so if anadditionallor2nucleotides
are added orremoved, the sequenceis ‘shifted’
= Theribosome stillreads the sequence of triplet codons along the length of mMRNA which
means the entire mRNA and resulting proteinare completely different
= Theresult of frameshift mutation means the entire DNAsequence following the mutation will be
incorrectlyread.This canresultinthe additionof the wrong amino acids to the polypeptide
chainand/or the creationof acodonthat stops the proteinfromgrowinglonger
= Althougha frameshift mutation during translationis rare (10-°to 107 percodon), the effects are
generallycatastrophic forthe resulting protein
= The same canbe said forlarge insertions and deletions of nucleotides of the DNAsequence

Consequencesof MutationsDiagram

Insertion and deletion mutations can cause a frameshift in the sequence of bases which can drastically
alterthe amino acid coded for. The resuiting protein may be very different to the original intended.

Page 5 of 8
For more help visit our website www.exampaperspractice.co.uk



=

Exam Papers Practice

Mutationsin Germ & Somatic Cells

= The effectofamutationcanvarydependingonwhetheritoccursinagermcellor somatic cell
= Agermcells use meiosis to produce gametes
= Somatic cells use mitosis to produce cells allover the body which cangrow into tissues and
organs
Germcells

= |[famutationoccursinagermcellitcanbe passed onto the offspringand next generation
= Cellsinvolvedininheritance of genetic information,eggs, spermand zygote, are know as the
germline
= Amutationthatoccursinspermcells could potentiallyaffect the zygote of that offspring
and allcells developed fromthat zygote will containthe mutation
= Afemale that has inherited a mutation willcontainthe mutationinthe germcells of their
ovaries whichwillbe passed onto future offspring

Somatic cells

= Somatic cellmutations are not inherited by offspring,instead these mutations are associated
withcancers
= Cancers demonstrate howimportantitis that celldivisionis precisely controlled, as cancers
arise due to uncontrolled mitosis
= Cancerous cells divide repeatedlyand uncontrollably, formingatumour (anirregularmass of
cells)
= Cancers start whenamutationoccursinthe genes that controlcelldivision
= |fthe mutated geneis one thatcauses canceritisreferred to asanoncogene
= Mutations are commonevents and don’tlead to cancermostof the time
= Mostmutations eitherresultinearly celldeathorresultinthe cellbeingdestroyed by
the body’simmune system
= Asmostcells canbe easilyreplaced, these events usuallyhave no harmful effect onthe body
= Themutations thatresultinthe generationof cancerous cellsdo notresultinearly celldeathor
inthe cellbeingdestroyed by the body’s immune system
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Mutations & Genetic Variation

Mutations & Genetic Variation

= Differences existbetweenorganisms of the same species
= Thesedifferences are known as variation
= Examples of variationinclude:
= Coatcolourinmammals
= Bodylengthinfish
= Flowercolourinflowering plants
= Variationresults fromsmall differencesinDNA base sequences betweenindividual organisms
withinapopulation
= There are severalsources of these differences in DNA base sequences:
= Mutation
= Meiosis
= Randomfertilisation during sexual reproduction

Mutations

= The originalsource of genetic variationis mutation
= Mutationresults inthe generationof new alleles which caninfluence evolutionof aspecies
= Mutations that take place inthe dividing cells of the sexorgans lead to changesinthe alleles of
the gametes that are passed onto the next generation
= Anew allele maybe advantageous, disadvantageous orhave no apparent effect
= Anadvantageous allele is more likely to be passed onto the next generationbecause it
increases the chance that an organism will survive and reproduce
= Adisadvantageous mutationis more likely to die out because anorganismwithsucha
mutationis less likelyto survive and reproduce
=  Mutationsinaspecies are,inthelongterm,essentialfor evolutionby naturalselection
= Note thatamutationtakingplaceinabody,orsomatic,cellwillnot be passed onto successive
generations, and so willhave no impact onnatural selection
= Mutationis the onlysource of variationinasexuallyreproducing species

NOS: Commercial genetic tests canyield information about potential future
health and diseaserisk. One possibleimpact is that, without expert
interpretation, thisinformation could be problematic

= There are two types of genetic testing available
= Clinicalor medical genetic testing
= Thisis carried out through healthcare providers suchas doctors, nurse practitioners,or
genetic counselors
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Healthcare providers determine whichtestis needed, orderthe testfromalaboratory,
collectthe DNAsample,send the DNAsample to alaboratoryfortesting and analysis, and
importantlytheyshare the results withthe patient and ensure understanding of the
testresults and the implications to the individual and theirfamilies

= Commercialgenetic testing provides genetic tests marketed directly to customers

The testkits canbe boughtonline orinstores
Customers send the companya DNA sample and receive theirresults directlyfrom the
genetic companyorlab
Commercial genetic testing provides people access to their genetic information
without necessarily involving ahealthcare provider
This canpose some problems
= Commercially available genetic tests are not scientifically validated and can give
inaccurate results
= Unexpectedinformationthat acustomerreceives about theirhealth, family
relationships,orancestrymaybe stressful orupsetting
= People maymake important decisions about disease treatmentbased on
inaccurate ormisunderstood informationfromtheirtest results
= |ndividuals oftenare not provided with genetic counseling

Page 8 of 8
For more help visit our website www.exampaperspractice.co.uk



