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3.3.1Inheritance

Mendel's Experiments

= GregorMendelwas anAustrian monk

= He was trained inmathematics and natural history at the University of Vienna

= Inthe mid-19th century,Mendel carried out breeding experiments onlarge numbers of pea plants
whilstlooking afterthe monasterygardens

= He studied how characteristics were passed onbetweengenerations of plants

= Due to his extensive work on the understanding of inheritance, he is sometimes called the father
of genetics

Mendel'sgroundbreaking work

= Mendelcarefullytransferred pollenfromone peaplantto the reproductive parts of another

= This technique eliminated any uncertainty from his data since he knew which plants were
fertilized bywhichpollen

= Hecollected the peaseeds fromthese plants and grew theminfavourable conditions to find
outtheircharacteristics

= Healso cross-bred offspringpeasinorderto find out which, if anycharacteristics would appear
infuture generations

= Mendelinvestigated the height of peaplants,the colours of their flowers and the smoothness
of theirseed coat
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Mendel's pea plant crosses

Mendel's PeaPlant Results Table
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Mendelfound that characteristics were inherited in apredictable pattern

Allpeaplantsinthe first generation had the same characteristic as one of the parental plants
The offspring plants inthe second generationhad characteristics of bothparent plantsina3:1
ratio

Without knowingit,Mendelhad discovered genes, he referred to them as 'units of inheritance'
He also discovered that some genes are dominant and some genes are recessive

Different forms of the same gene are called alleles

Mendel's Experimental Technique

NOS: Making quantitative measurementswithreplicatestoensurereliability;
Mendel'sgenetic crosseswith peaplantsgenerated numericaldata

Mendelwas not the first to investigate inheritance using plants
However, he was the first to generate strong numerical (quantitative) data,as opposed to
observations only(qualitative)
Mendelalso used alarge number of peaplants in his studies, forexample inone investigation he
recorded the characteristics forover7,000 peaseeds
Byrecordingdataforsuchalarge numberof seeds he ensured reliability inhis conclusions
Many replicates are importantinascientific investigation because theyallow for:

= Ensuringreliability of results

= |dentificationofanomalous points

= Furtherstatistical analysis to establish asignificant difference

Gametes

Gametes are the sexcells of anorganism
Forexample, the spermand egg (ovum) cells in humans
The eggis largerthanthe spermas mostofits space contains food to nourisha growing embryo
The sperm cell contains many mitochondriato release energyforits motion
Gametes fuse during fertilizationto formazygote
These sexcells are formed during meiosis and onlyhave one copyofeachchromosome and so
are haploid cells
= Forhumans,that means the spermand eggcells contain 23 single chromosomes in their
nucleus
= Asthereis onlyone chromosome fromeachhomologous pair there is onlyone allele of
eachgene present
= This allele maybe dominant,recessive orco-dominant
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The structure of human gametes - the sperm and egg

O ExamTip

Youwillnotneed to be able to quote allof Mendel's experiments and his results but you should
be able to explainwhythere is always a 3:1ratio insecond generation organisms
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3.3.2Inheriting Alleles

Segregationof Alleles

Meiosisis aformofnuclear divisionthatresults inthe productionof haploid cells fromdiploid
cells

Duringmeiosis adiploid cell willdivide twice to form four haploid cells

It produces gametes inplants and animals that are used insexualreproduction

Adiploid nucleus willcontaintwo copies of eachgene

Ahaploid nucleus contains justone copyofeachgene

Adiploid cellof genotype Yywillproduce two gametes carrying the Y allele and two carrying
they allele

The separationof alleles into different cells duringmeiosis is called segregation
Segregationisimportant asitallows fornew allele combinations in offspring

Diploid Zygotes

Fusionof gametesresultsindiploid zygotes withtwo alleles of each gene that maybe the same
allele ordifferentalleles
Sexualreproductionis aprocessinvolving the fusionof the nucleiof two gametes (sexcells)
toformazygote (fertilized eggcell)and the productionof offspring that are genetically
different fromeachother
Fertilizationis defined as the fusionof gamete nuclei,and as eachgamete comes froma
different parent, there is variationin the offspring
When a male and female gamete fuse theirchromosomes are combined
This means the resultingzygote is diploid
The zygote contains two chromosomes of each type
It willtherefore also have two alleles of each gene
= [fthe two alleles foraparticulargene are the same then the genotype is described as
homozygous
= |[fthe two alleles foraparticulargene are different thenthe genotypeis described as
heterozygous
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Dominant, Recessive & Co-Dominant Alleles

= Ageneisashortlengthof DNAfound onachromosome thatcodes foraparticular
characteristic (bycodingforthe productionof aspecific protein)
= Alleles are variations of the same gene
= Aswe have two copies of eachchromosome,we have two copies of eachgene and
therefore two alleles foreachgene
= Oneoftheallelesisinherited fromthe mother and the otherfromthe father
= This means that the alleles may not be the same
= Forexample,anindividual has two copies of the gene foreye colourbut one allele could
code forbrowneyes and one allele could code forblue eyes

= The observable characteristics of anorganism(seenjustbylooking - like eye colour,orfound -
like blood type)is called the phenotype
= The combinationof alleles that controleachcharacteristic is called the genotype
= Alleles canbe dominant orrecessive
= Adominant allele only needs to be inherited fromone parent inorderforthe characteristic
to be expressedinthe phenotype
= Arecessive allele needs to be inherited frombothparentsinorderforthe characteristic to
be expressed inthe phenotype.
= [fthereis onlyonerecessive allele, it willremain hidden and the dominant characteristic will
show

= |[fthe two alleles of agene are the same, we describe the individual as beinghomozygous (homo
=same)

= Anindividual could be homozygous dominant (having two copies of the dominant allele),or
homozygousrecessive (havingtwo copies of the recessive allele)

= [fthe two alleles of agene are different,we describe the individual as beingheterozygous
(hetero =different)

Alleles are different forms of the same gene. You can only inherit two alleles foreach gene, and they can
be the same (homozygous) ordifferent (heterozygous). Alleles can be dominant orrecessive.
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= Co-dominant alleles have acombined effect onthe phenotype
= Certainred-flowered plants canbe crossed with white-flowered plants of the same
species,and the offspring's flowers have apinkcolour
= Speckled chickens show co-dominance between anallele for white feathers and anallele
that causes the feathers to be black
= The alleles are bothexpressed to anequal extent inthe phenotype

= Whencompleting genetic diagrams (punnet square diagrams), alleles are abbreviated to single
letters
= Thedominantalleleis givenacapitalletterand therecessive allele is giventhe same letter,
butlowercase
= Forexample atall(phenotype) peaplant canhave the genotype TT orTt;inthis case 'T'
represents the dominant tall allele and 't'represents the recessive dwarf allele

Inheritance of Blood Groups

= |nheritance of blood groupis anexample of co-dominance
= Thisis of criticalimportance whendecidingto give blood transfusions followinginjuryorillness
= Use ofthewrongblood group cancause animmune response that coagulates (solidifies) blood,
leadingto clots and seriousiillness/death
= There are three alleles of the gene controllingaperson's blood groupinstead of the usual two
= |represents the gene and the superscripts A,B and O represent the alleles

= Alleles*and IBare codominant

= [Qisrecessive

= [Aresultsinthe productionof antigen A onthe surface ofred blood cells

= [Bresultsinthe productionof antigenB onthe surface ofred blood cells

= [Oresults inno antigens beingproduced onthe surface ofred blood cells

= These three possible alleles can give us the following genotypes and phenotypes

Blood Genotype & Phenotype Table

= We canuse genetic diagrams to predict the outcome of crosses thatinvolve the codominant
alleles controllingblood groups
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@ Worked example

Show how aparentwithblood group Aand a parent withblood group B canproduce offspring
withblood group O.

Punnett square showing the inheritance of blood group

O Exam Tip

Take good care whenhand-writing ABO blood group genotypes and alleles. The expected

notationforABO blood group alleles is that the letterlis always writtenin UPPERCASE and all the
alleles must be in superscript. An example is IA1°
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3.3.3Skills: Inheritance

Constructing Punnett Grids

= Amonohybrid trait is one thatis controlled byonlyone gene
= Generally,we considerthat suchagene has two alleles
= Either:one alleleis dominantand the otherisrecessive
= Or:the alleles are co-dominant

= Amonohybrid cross starts with pure-breeding parents (homozygous),eachdisplayinga
different phenotype
= The purpose of aPunnett gridis to predict the probabilityof acertain offspringdisplaying a
certaingenotype orphenotype
= Inthe case where multiple offspring are produced, Punnett grids can predict the numbers of
offspring that willdisplaya certain genotype orphenotype afteracross

Stepsinconstructing aPunnett Grid

1.Write downthe parentalphenotypes and genotypes
2.Write down all the possible gamete genotypes that each parent could produce forsexual
reproduction
= Ausefulconventionis to write the gamete genotypesinside acircle to denote themas
gametes (haploid cells)

3.Place each parental genotype against one axis of a Punnett grid (2x 2 table)
4.Inthe boxes of the Punnett grid, combine the gametes into the possible genotypes of the
offspring

= This gives the offspring of the F; generation (lst filial generation)

5.Listthe phenotype and genotype ratios forthe offspring

@ Worked example

Sweet peas grow pods that are eithergreenoryellow.The allele forgreen, G,is dominant to the
allele foryellow,g.Construct a Punnett grid to predict the outcome whencrossing greenand
yellow pure-bred plants to show the Fygeneration offspring.Using plants fromthe F,generation,
constructasecond Punnett grid to show the outcomes of the F, generation.

Step 1: Write down the parentalphenotype and genotypes

Greencoloured pods Yellow coloured pods
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GG gg

Step 2: Write downallthe possible gamete genotypes that eachparent could produce

© ©

Step 3:Place eachparentalgenotype against one axis of aPunnett grid (2 x 2 table)

Step 4:Combine the gametesineachboxof the Punnett grid
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Genotypes of the F1 cross between homozygous green (GG) and homozygous yellow (gg) pea plants.
All offspring (1002 ) have the genotype Gg and the phenotype is green.

Step 5:Take two heterozygous offspring fromthe F; generationand cross them

Step 6:Combine the gametesineachboxof the Punnett grid

Punnett grid showing the results of the F2 generation

Phenotyperatiois 3:1green:yellow, Genotyperatiois 1GG: 2Gg: 1gg
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Analysis of Genetic Crosses

Comparison of predicted and actual outcomesof genetic crossesusingrealdata

APunnett grid diagram shows the possible combinations of alleles that could be produced in
the offspring of acertain genetic cross

Fromthis,we candeduce the expectedratio of these combinations

The actual outcome achieved fromthe cross often presents ratios different to those deduced
inthe punnet grid

Thisis because thereis anelement of chance involved withinheritance

The chi-squared test is astatistical test that canbe used to determine whetherthe differences
betweenthe observedratios and the expectedratios are significant ordue to chance

Using pea plantstodemonstrate the predicted outcomesof genetic crosses

The height of peaplants is controlled by a single gene that has two alleles:talland short
The tall allele is dominantandis shownas T

The smallalleleis recessive and is shownas t

Apure breedingshort plantis bred with a pure breeding tall plant

The term ‘pure breeding’indicates that the individualis homozygous forthat characteristic
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A pure-breeding genetic cross in pea plants. It shows that all offspring will be have the tall phenotype.

= Crossingthe offspring fromthe firstcross
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A genetic cross diagram (F2 generation). It shows a ratio of 3tall : 1short forany offspring.
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Allofthe offspring of the first cross have the same genotype, Tt (heterozygous),so the possible
combinations of offspringbred fromthese are: TT (tall), Tt (tall), tt (short)
= Thereis more variationinthe second cross,witha 3:1ratio of tall:short

= The F2generationis produced whenthe offspring of the Flgeneration (pure-breeding parents)
are allowed to interbreed

Crossing aheterozygousplant with a short plant

= The heterozygous plant will be tall withthe genotype Tt

= The shortplantis showingthe recessive phenotype and so mustbe homozygous recessive - tt
= Theresults of this cross are as follows:

A cross between a heterozygous plant with a short plant

O Exam Tip

If youare asked to use yourown letters to represent the alleles inaPunnett grid, tryto choose a
letterthatis obviouslydifferent as a capital than the lowercase so the examineris notleftinany
doubtas to whichis dominant and whichis recessive.
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Pedigree Charts

= Familypedigree diagrams are usuallyused to trace the patternof inheritance of aspecific
characteristic (usuallyadisease) throughgenerations of a family

= This canbe used to work out the probabilitythat someone inthe family will inherit the genetic
disorder

A family pedigree chart

= Males are indicated bythe square shape and females are represented bycircles
= Inthis diagram, affected individuals are red and unaffected are blue
= Shadingorcross-hatching mayalso be used to show affected individuals

= Horizontallines betweenmales and females show that theyhave produced children(whichare
linked underneatheachcouple)
= Romannumerals maybe used to indicate generations
= Foreachgenerationthe eldest childis onthe leftand eachindividualis numbered
= The familypedigree above shows:
= bothmales and females are affected
= everygenerationhas affected individuals
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= Theeldestson(inthe second generation)is affected
= Thatthereis one family group that has no affected parents orchildren
= the othertwo families have one affected parent and affected children as well

@ Worked example

Worked example: Pedigree charts

= Belowis apedigree chart whichtraces the inheritance of albinismacross several
generations. Albinism affects the production of the pigment melaninleading to lighterhair,
skinand eyes.

= Usingthe pedigree chart,deduce and explainthe following:

1.What type of allele causes albinism
2.The genotype of individuals named 9 and 7
3.The possible genotypes of10 and 11

1.Albinismis caused byarecessive allele
= Explanation:We cantell this from the pedigree chart because expressionof the disease
skips generationll. Also,personnumber 9 is an affected individual despite his parents (6 and
7)beingunaffected. 6 and 7 mustbothbe carriers of the recessive allele and 9 has inherited
onerecessive allele fromeach parent.
= |tisunlikelyto be asex-linked disease as bothfemales and males have the condition

2.The genotype of person 9 mustbe homozygousrecessive (aa) and the genotype of 7 must be
heterozygous (Aa)
= Explanation:9is anaffected individual with albinism (whichis determined bythe recessive
allele).7 mustbe heterozygousinorderforhimto pass ontherecessive allele to person9

3.The possible genotypes of 10 and 11are heterozygous (Aa) orhomozygous dominant (AA)
= Explanation: Thisis because theyare unaffected individuals so must possess atleastone
dominant allele (A), however,itis possible that theyeachinherited adominant allele from
eachparent
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O Exam Tip

Whenanswering questions about pedigree charts forgenetic diseases, itis always useful to
rememberwhichphenotypeis caused bytherecessive allele. Youcanwrite these genotypes
onto yourchartand it will give youa good starting point forworking out the possible genotypes
oftherestoftheindividualsinthe chart.

3.3.4 Inheritance of Genetic Diseases

Causes of Genetic Diseases

= Agenecanaffectthe phenotype of anorganism
= Agenecodesforasingle polypeptide
= The polypeptide affects the phenotype through a particularmechanism

= The phenotype of anindividual can also be affected by the environment
= Agenetic diseaseis caused byagene whichresults inanabnormal proteinthat alters the
phenotype of the individual
= Mostgenetic diseases are caused byrecessive alleles onautosomalchromosomes
= This means thatanindividualwould need two copies of the recessive alleleinorderto
developthedisease
= |ndividuals that are heterozygous do not sufferfromthe disease but are carriers and can
pass therecessive allele onto the next generation
= Adisease determined byarecessive allele includes cystic fibrosis

= Somediseases are caused bydominant
= This means thatonlyone copyofthe alleleis required inorderto develop the disease and
this one copycanalso be passed onto the next generation
= |ndividuals that are homozygous dominant, willsuffer fromthe disease and will also pass the
allele onto the next generation with100% probability
= Adisease determined byadominantallele includes Huntington's disease

= |tisalso possible,butrare,foradisease to be caused bycodominant alleles
= This means thatinindividuals withheterozygous genotype,bothalleles are expressed inthe
phenotype
= Therefore givinga3rd phenotype thatis differentto the homozygous phenotypes
= Adisease determined bycodominant allelesincludes sickle cellanaemia

= The geneswhichcauses some genetic diseases are found onthe sexchromosomes
= This means theyaffect males and females differently
= Examples of sex-linked diseases include haemophiliaand colour blindness

Page 18 of 29
For more help visit our website www.exampaperspractice.co.uk



=

Exam Papers Practice

O Exam Tip

Youmaybe asked to predict the inheritance of diseases like the ones above. Anexample
guestionwould be:

Max and Jane are trying fora baby but they are concerned about the possibility of their child having
haemophilia. Neither Max or Jane have haemophilia themselves but Jane’s father had the condition.
What are chances that their child could have haemophilia?

Forquestions like this,itis veryimportant to gatherearlyonwhetherthe abnormal allele that
causes the diseaseis dominant orrecessive and if there is any sexlinkage.In this example for
haemophilia, the abnormal allele is recessive and the geneis sex-linked. Then the next step
would be to work out the genotypes of the parents fromthe information given and use this to
create agenetic diagram.

Examples of Genetic Diseases
Cystic Fibrosis

= Cystic fibrosisis agenetic disorderof cellmembranes caused byarecessive allele (f) of the
CFTRgenelocated onchromosome 7

= This gene codes forthe production of chloride ion channels required for
secretion of sweat, mucus and digestive juices

= Afaultinthe CFTR gene leads to production of non-functional channels

= Thisleads toreducedlevels of sodium chloride in secretions which
subsequently reduces the movement of water by osmosis into the
secretions

« Ultimately resulting in the body producing large amounts of thick, sticky mucus

inthe airpassages
= QOvertime, the mucus builds upinthe lungs leadingto infections and blocks narrow passage
ways, such as the pancreatic duct,leadingto reduced digestive efficiencyas aresult of less
enzyme secretions
= Cystic fibrosisis determined byarecessive allele, this means:
= People who are heterozygous (onlycarryone copyofthe recessive allele) won’t be
affected bythe disorderbut are ‘carriers’
= People mustbe homozygousrecessive (carrytwo copies of therecessive allele)inorderto
have the disorder
= |f bothparents are carriers, the chance of them producing a child with cystic fibrosisis 1in 4,
or25%
= |fonlyone of the parentsis acarrier (with the otherparent beinghomozygous dominant),
thereis no chance of producinga child with cystic fibrosis
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Inheritance of cystic fibrosis if both parents are carriers orif only one parent is a carrier

Huntington'sDisease

= Huntington’s diseaseis agenetic conditionthat develops as apersonages

= Usuallyapersonwiththe disease willnot show symptoms until theyare 30 plus years old

= Anindividual withthe condition experiences neurologicaldegeneration;theylose theirabilityto
walk, talk and think

= Thedisease s ultimatelyfatal

= |thas beenfound thatindividuals with Huntington's disease have abnormal alleles of the HTT
gene

= The HTTgene codes forthe protein huntingtinwhichis involved inneuronal development

= The abnormalallele is dominant overthe normal allele
= |fanindividual has one abnormal allele present theywill sufferfromthe disease
= |fonlyone parentis acarrierofthe dominantallele,thereis stillalin20r50% chance of
producingachild withthe disease
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Huntington’s is caused by a dominant allele

Sex-linked Genetic Diseases

= Some genetic diseases inhumans are sex-linked
= |nheritance of these diseasesis differentinmales and females
= Sex-linked genes are onlypresent onone sexchromosome and not the other
= This means the sexofanindividual affects what alleles theypass onto theiroffspringthrough
theirgametes

= |fthe geneis onthe Xchromosome males (XY)willonly have one copy of the gene, whereas

females (XX) will have two
= There are three phenotypes forfemales - normal, carrierand has the disease, whereas males

have onlytwo phenotypes - normal orhas the disease

Sexlinkageindrosophila

= Thomas Morgandiscovered sexlinkage in Drosophilathrough studying the ratios of offspring
produced fromcrosses of flies with different eye colours

= Hefoundthatwhencrossingwhite eyed females and red eyed males, the ratios achieved were
differentto those observed whencrossingred eyed females with white eyed males

» Forexample,whencrossingared eyed male, XRY, with awhite eyed female, X'X", Thomas Morgan
found that allfemale offspring had red eyes and all male offspring had white eyes

= [f this was agene found onanautosome, he would have expected to see thatall of the first
filial (F}) generationwould have red eyes because red is dominant

= Analysis of theresults lead Thomas Morganto deduce that the gene foreye colourwas found on
the Xchromosome and therefore males possessed onlyone allele forthat phenotypic
characteristic

Page 21 of 29
For more help visit our website www.exampaperspractice.co.uk



=

Exam Papers Practice

Eye colourin Drosophila is determined by a gene found on the sex chromosomes

O ExamTip

The expected notationwhenwriting about sexlinked alleles is to use uppercase 'X'and 'Y' forthe
chromosome, next to superscript letters to represent the allele. Forexample XXf or xfY.
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Examples of Sex-Linked Genetic Diseases
Red-greencolourblindness

= The gene whichisresponsible forsynthesizingthe photoreceptorproteins of the eye, are
found onthe Xchromosome

= The photoreceptorproteins are made inthe cone cells of the eye and detect the specific
wavelengths of light entering the eye

= Red-greencolourblindnessis caused byarecessive allele of this gene

= Males are more likelyto bered-greencolourblind as theyonlyposses lallele forthe gene,
whereas females have 2 alleles and need to inherit 1faulty allele fromboth parentsinorderto be
colourblind

Punnett grid showing the inheritance of colourblindness, an X-linked condiition
Haemophilia

= Haemophiliais awellknown sex-linked disease
= Thereisagene found onthe Xchromosome thatcodes foraproteincalled factorVlll.Factor VIl
isneeded to make blood clot

There are two alleles forfactorVIll,the dominantF allele whichcodes fornormal factorVilland
therecessive f allele whichresultsinalack of factor VIl

Whenapersonpossesses onlytherecessive allele f,theydon’tproduce factorVllland their
blood can'tclotnormally

If males have anabnormal allele they will have the conditionas theyhave onlyone copyof the
gene

Females canbe heterozygous forthe faultygene and not sufferfromthe conditionbutactas a
carrier

This means that haemophiliais a potentiallyfatal genetic disease which affects males more than
females
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@ Worked example
Worked example: Haemophilia

= The genetic diagrambelow shows how two parents withnormal factorVlllcanhave offspring
with haemophilia

Parental phenotypes:carrierfemale xnormal male
Parentalgenotypes: XX XFY

Parentalgametes: XForXf XForY

Monohybrid Punnett Square with Sex-linkage Table

Predictedratioof phenotypesin offspring

1female withnormalblood clotting:1carrierfemale : Tmale with haemophilia: Tmale with normal blood
clotting

Predicted ratio of genotypes in offspring: TX" X : 1XFX 1 1XFY : 1xfy

O ExamTip

Make sure to include all of yourworking out when constructing genetic diagrams.Itis not enough
justto complete apunnett grid,youneed to show that you have thought about the possible
gametes that canbe produced byeach parent.Also,rememberto state the phenotype as well
as the genotype of the offspring that result fromthe cross.Read the questions carefullywhen
answering sex-linked inheritance questions - is the questionasking fora probability forall
childrenorisitaskingaboutaspecific sex(males orfemales).
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Human Genetic Diseases

= There are thousands of genetic diseases that affect humans, although many are caused by
recessive alleles and are therefore veryrare

= Naturallynumbers of people sufferingfromdiseases caused byrecessive allele remains verylow
due to the low probability of inheriting 2recessive alleles. This is the recognised patternof
Mendelianinheritance

= Additionally,the Human Genome Project made it possible to sequence the entire human
genome and opened up the opportunityforscientists to pinpoint which part of the genome is
responsible forspecific genetic diseases

= Nowindividuals cango throughtests to sequence theirowngenomeinorderto establishthe
likelihood of inheriting an allele which could cause agenetic disease

= Parents maychoose to go throughthis sequencing process before having childrenso that they
are aware of therisks

= Theycanmakeinformed decisions based onthe outcome ofthe test
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3.3.5Mutations & Disease

Causes of Mutations

Amutationis achangeinthe sequence of base pairsina DNAmolecule
Theyoccurrandomly and continuously to create new alleles of agene
= Oftenonlywithaverysmallnumberofdifferencesinthe base sequence

As the DNA base sequence determines the sequence of amino acids that make up a

polypeptide, mutations inagene cansometimes lead to achangeinthe polypeptide that the
genecodes for

= |fthe changeis significant, this could be harmful forthe organism (mutations are rarely

beneficial). It may affect the ability of the proteinto performits function
= Forexample:

= |f the shape of the active site onanenzyme changes, the substrate mayno longerbe able
to bind to the active site

= Astructuralprotein(like collagen) mayloseits strengthifits shape changes

Most mutations are neutralbecause theydo not alterthe polypeptide oronlyalterit slightlyso
thatits structure orfunctionis not changed

= Thisis because the genetic code is degenerate

Mutationsinbodycells canlead to cancer.These mutations are ofteneradicated whenthe
individuals dies

Mutations of cells which are involved in gamete production can be inherited by the
next generation

Mutagenic agents

There are naturalmechanisms that take place within cells to ensure the accuracy of DNA
replication

= These mechanismsinvolve proofreading and repairing damaged DNA

Whenthe mutationrate of acellrises to above anormal (usuallylow) rate thenthese mechanisms
have become ineffective

Mutagenic agents are environmental factors thatincrease the mutationrate of cells
Radiationcancause chemicalchangesin DNA, thisincludes:

= High-energy radiationsuchas UV light

= |onisingradiationsuchas X-rays,gammarays and alpha particles

Chemicalsubstances canalso caused changes to DNA, examples include
= Benzo[a]pyrene and nitrosamines found intobacco smoke

= Mustard gas used as achemicalweaponinWorld Warl
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lonising radiation can cause mutations in DNA
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Effects of Radiation

Chernobyl Nuclear Disaster

ChernobylNuclearPowerPlantis in Ukraine
IN1986 anincident at the plant caused anexplosionand fire inthe nuclearreactorcore
Alarge amount of radioactive material was released from the plant and wentinto the air
= Radioactiveisotopes of xenon, krypton,iodine,caesium,and telluriumwere released as well
as large amounts of small particles of uranium

Hundreds of thousands of people were evacuated from the surrounding areato protect them
frombeing contaminated
Anexclusionzone of around 2,600 square kilometres is stillinplace around the power plant

= Thisis because the levelof radiationinthe areais still very high

The Chernobyi Disasteris probably the worst nuclear disasterin history

The effects of the Chernobyl powerplant explosionwere significant:
= Thetotalnumberofradiationrelated deaths to date hasreached 4000
= large areas of pine forestturned brownand died inthe weeks afterwards
= Agricultural animals died due to thyroid damage caused byradioactive iodine and the
consumptionofcontaminated meate.g.lamb,was banned
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= Milkproduced contained highlevels of iodine inareas where waterways had been
contaminated

= Bioaccumulationofradioactive materials occurred in nearbywaterways affecting fishin
countries thousands of kilometres away and contaminating drinking water formanyspecies

= Thousands ofcases ofthyroid cancerwererecorded as adirectresult of the radioactive
iodine,includingover4000inchildrenand adolescents

= However,despite all this, there is no significant evidence of anincrease insolid cancers or
leukaemiaeveninthe mostaffected population
= Withno human habitationwithin the exclusionzone since the explosion, other wild animals and
many species of plants have moved inand colonised the area
= Despite the highradiationlevels, the life expectancyof these organisms has not been
shortened

= Thelongtermeffects onthose who were exposed to low levels of radiation are yet unknown as
studies continue

Nuclear bombing of Hiroshima and Nagasaki

= Two atomic bombs were dropped inJapantowards the end of World Warll. One on Hiroshima
and one onNagasaki
= Between150000and 200 000 people died as adirectresult of the bombs
= Half ofthese people died onthe daythe bombs were detonated and the restdied inthe
months immediately afterwards as aresult of burns, radiationsickness, injuries or through
illnesses and malnutrition

= Huge studies were carried outonothersurvivors,compared to acontrolgroup, to build abigger
picture of the longertermimpact of highexposure to radiation

= |ncidence of cancerwere muchhigherinthe survivors studied compared to the control
group

= Anincreaseinleukaemiacases was seeninbothcities aftera2yeardelay,whichreached a
peak around 6 years afterthe bombings

= Thosewho were closerto ground zero seemed to be more seriouslyaffected

= There were also thousands of recorded cancerous tumours in the groups beingmonitored,
althoughdue to confounding factors,onlyaround 800 could be formally attributed to the
effects of radiation

= Alarge studywas also carried outinto the effects onbabies pre and post birth
= |twas expected that there would be highnumbers of mutations resultingin subsequent
stillbirths ordeformities,however, the numbers of incidence recorded were not significant
= There was no evidence to suggest that babies conceived bysurvivors of the bombings were
more likelyto be bornwith birthdefects

= There were manymore socialimpacts associated with the bombs

= The survivors were labelled 'Hibakusha',meaning 'the explosion affected people'and the
associated stigmalead to widespread discrimination
= There were concerns about whether the Hibakushawere contagious orwhetherthe
illnesses that theyexperienced were heritable. Sterilisation programs were even
considered
= As aresult,manysurvivors struggled to find employment or marry
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