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Genetic Inheritance & Genetic Crossing

Inheritance: Gametes & Fertilisation

= Gametes are the sexcells of anorganism
= Forexample,the spermand egg(ovum) cells inhumans
= The eggis largerthanthe spermas mostofits space contains food to nourish agrowing
embryo
= The spermcellcontains many mitochondriato release energyforits motion
= Gametes fuse duringfertilizationto formazygote (fertilised eggcell)
= Thesesexcells 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 (as opposed to diploid cells which contain 46 chromosomes, or 23 pairs)
= Asthereis onlyone chromosome fromeachhomologous pair there is onlyone allele of
eachgene present
= This allele maybe dominant,recessive orco-dominant

Spermcelldiagram

Eggcelldiagram
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The structure of human gametes - the sperm and egg

Fusionof gametesresultsindiploid zygotes with two alleles of each gene that maybe the same
allele ordifferentalleles
Sexualreproductionis aprocessinvolving the fusionof the nucleiof two gametes (sexcells)
toformazygote (fertilised eggcell)and the production of offspring that are genetically
different fromeachother
Fertilisationis defined as the fusionof gamete nuclei,and as eachgamete comes froma
different parent, there is variationin the offspring
When amale and female gamete fuse theirchromosomes are combined
This means the resultingzygoteis diploid
= Thezygote contains two chromosomes of eachtype
It will therefore 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 then the genotype is described as
heterozygous
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Genetic CrossesinFlowering Plants

= GregorMendelwas anAustrian monk

= Inthe mid-19th century,Mendelcarried out breeding experiments onlarge numbers of peaplants
whilstlooking afterthe monasterygardens

= He studied how characteristics were passed onbetweengenerations of plants

= Dueto his extensive work onthe understanding of inheritance, he is sometimes called the Father
of Genetics

= Mendelcarefullytransferred pollenfromone peaplantto the reproductive parts of another
= Pollencontains the male gamete and is located onthe antherofthe flower
= The female gametes arelocatedinthe ovary
= The plants reproduce sexuallyand require pollinationforfertilisation
= This technique eliminated any uncertainty fromhis data since he knew which pollenhad

fertilised each of the plants

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

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

= Mendelinvestigated the height of pea plants, the colours of their flowers and the smoothness
of their seed coat

Mendel'sbreeding experiments of pea plantsdiagram
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Mendel's pea plant crosses

Mendel'sPeaPlant ResultsTable
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= Mendelfound that characteristics were inherited in apredictable pattern

= Allpeaplantsinthe first generationhad the same characteristic as one of the parental plants

= The offspring plantsinthe second generationhad characteristics of bothparent plantsina3:1
ratio

= Withoutknowingit,Mendelhad discovered genes, he referred to them as 'units of inheritance'

= Healso discovered that some genes are dominant and some genes are recessive

= Differentforms of the same gene are called alleles

= 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),eachdisplaying a
different phenotype
= This generationis known as the parental generation,denoted as the P generation
= The purposeof aPunnett gridis to predict the probabilityofacertainoffspringdisplayinga
certaingenotype orphenotype
= Inthe case where multiple offspring are produced, Punnett grids can predict the numbers of
offspring that willdisplaya certain genotype orphenotype afteracross
Stepsinconstructing a Punnett 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 genotypes inside acircle to denote themas
gametes (haploid cells)
3.Place each parental genotype against one axis of a Punnett grid (2x 2 table)
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4.Inthe boxes of the Punnett grid, combine the gametes into the possible genotypes of the
offspring

= This gives the offspring of the Fy generation (1st 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 aPPunnett grid to predict the outcome whencrossing green and
yellow pure-bred plants to show the Fygeneration offspring. Using plants from the Fygeneration,
constructasecond Punnett grid to show the outcomes of the F, generation.

Step 1: Write downthe parentalphenotype and genotypes
Greencoloured pods Yellow coloured pods

GG gg

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

© ©

Step 3:Place eachparentalgenotype against one axis of aPunnett grid (2 x2 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 (100%) have the genotype Gg and the phenotypeis green.

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

Step 6: Combine the gametesineachboxof the Punnett grid

Page 7 of 27
For more help visit our website www.exampaperspractice.co.uk



=

Exam Papers Practice

Punnett grid showing the results of the F2 generation
Phenotyperatiois 3:1green:yellow, Genotyperatiois 1GG: 2Gg: 1gg

Plants cansexuallyreproduce indifferent ways:
= Some plants have the male and female reproductive parts within the same flower
= QOthers have male flowers and female flowers onthe same plant
= Others have different male and female plants
Plants with male and female reproductive parts onthe same plant canbe capable of self -
pollinationand self -fertilisation
Farmers and ornamental plant growers can controlthe way their plants reproduce by artificially
pollinating them
= |fagrowerthinks atraitis useful orprofitable theymaychoose to self-pollinate the favoured
plants to keep the desirable traits inthe next generation
= Growers canalso cross-pollinate by artificial pollination between different plants with
favoured traits, withthe goalto create new generation of plants willpossess the desirable
traits from both parent plants
= Geneticcrosses canbe usedto predict and planforthese outcomes
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Inheritance: Terminology

Genotype

= Ageneisashortlengthof DNAfound onachromosome thatcodes foraparticular
characteristic (bycodingforthe productionof aspecific protein)
= Alleles are variations of the same gene
= As we have two copies of eachchromosome, we have two copies of each gene and
therefore everyindividual willhave two alleles of each gene
= Oneoftheallelesisinherited fromthe mother and the otherfromthe father
= The alleles maybe the same as each other, orthey might be different.e.g. anindividual has
two copies of the gene foreye colourbut one allele could code forbrowneyes and one
allele could code forblue eyes
= The combinationofalleles thatanindividual organisminherits is its genotype
= Whenthetwo alleles at alocus are the same/identical, anindividualis said to have a
homozygous genotype
= Whenthe two alleles atalocus are different the genotype is said to be heterozygous

Chromosome diagram

Chromosomes showing genes, loci and alleles
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O Exam Tip

Make sure to notuse the words allele and gene interchangeably. Theyboth have different
definitions and need to be used correctlyinyourexams inorderto gain marks.

Phenotype

= The observable characteristics of anorganism(seenjustbylooking - like eye colour,orfound -
like blood type)is called the phenotype
= The phenotype of all characteristics is determined bythe following factors:
= Thegenotype only-the combinationofthe two alleles forthe gene forthe characteristic,
forexample blood groupis determined this way
= The environment only - surroundings suchas chemical orradiation exposure,diet orexercise
canaffect physical characteristics,forexample scars and accent are determined this way
= Interactionbetweenboththe genotype and the environment, forexample height and skin
colourare determined this way

Dominant & Recessive Alleles

= Alleles canbe dominant orrecessive
= Adominant allele only needs to be inherited fromone parentinorderforthe characteristic
to be expressedinthe phenotype
= Arecessive allele needs to beinherited frombothparentsinorderforthe characteristic to
be expressedinthe phenotype.
= [fthereisonlyonerecessive allele,it willremainhiddenand 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)
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Different forms of allele pairsdiagram

Alleles are different forms of the same gene. You can only inherit two alleles for each gene, and they can
be the same (homozygous) ordifferent (heterozygous). Alleles can be dominant orrecessive.
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Incomplete & Codominance

= Co-dominant alleles have acombined effect onthe phenotype
= Thealleles are bothexpressed to anequal extent inthe phenotype
= Anexample of codominanceisinspeckled chickens
= Chickens canhave different alleles forgene that determines the colourof theirfeathers
= We candenote the gene forcolourusingthe capitalletterC
= Thetwo alleles forthis gene are white forwhite feathercolour,and black forblack feather
colour
= We denote the two alleles using superscriptletters, CWand CB
= Achickenwiththe genotype CWCWhas white feathers as theirphenotype
= Achickenwiththe genotype CBCB has black feathers as theirphenotype
= Achickenwiththe genotype CWCB has acombination of bothfeathercolours,theyare
called speckled colour chickens
= Because bothalleles are expressed inthe phenotype this is called codominance

Example of codominancein chickensdiagram

Diagram showing the phenotypes and genotypes of white, black and speckled chickens, whichis an
example of codominance

= |Incomplete dominance is similar to codominance because two alleles are expressed together
instead of justone dominant allele being expressed
= However,instead of bothalleles beingexpressed,bothalleles are partially expressed leading
to aphenotype whichis ablend of bothphenotypes oranintermediate phenotype between the
two
= Anexampleisincomplete dominance canbe foundinthe fouro'clock flowerormarvel of Peru
(Mirabilis jalapa)
= Marvelof Perucanhave different alleles forgene that determines the colouroftheirflowers
= We candenote the gene forcolourusingthe capitalletterC
= The two alleles forthis gene are white forwhite flowercolour,and red forred flowercolour
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= Wedenote the two alleles using superscript letters, CWand CR
= Aplantwiththe genotype CWCWhas white flowers as theirphenotype
= Aplantwiththe genotype CRCR has red flowers as theirphenotype
= Aplantwiththe genotype CWCRhas ablend of both colours, whichis expressedinthe
phenotype as apink flower colour
= Because the flowers are neitherwhite orred, but anintermediate betweenthis two, this is
incomplete dominance

Example of incomplete dominance in marvel of Perudiagram

Diagram showing the phenotypes and genotypes of white, red and pink flowers of the marvel of Peru,
which is an example of incomplete dominance

O ExamTip

Whenreferring to different species examples inanexamyoucanuse eitherthe commonname or
the scientific name to gain marks.Forexample youcould say 'fouro'clock flower' or'marvel of
Peru' or'Mirabilis jalapa' to be awarded the mark.

Inheriting Alleles

Phenotypic Plasticity

= Phenotypic plasticityis the ideathat although genotype remains fixed throughoutanorganism's
lifetime, the waythat the phenotypeis expressed canvary during this time
= Anorganism’s internal orexternal environment caninfluence gene expressionpatterns, and
therefore phenotype
= Thelevels ofregulatoryproteins ortranscriptionfactors canbe affected inresponse to
environmental stimulisuch as light,and chemicals includingdrugs and hormones
= Forexample,enzymes are activated inresponse to ultravioletradiationand increase the
expressionand productionof melanin, leading to skin pigmentation
= Temperature canalso influence gene expressionas demonstrated by organisms
= The Himalayan rabbit (Oryctolagus cuniculus L) possesses agene forthe development of
pigmentationinits fur
= The geneisinactive above 35°C but active between15°C and 25°C
= |Inthe parts of the bodythatare coolersuchas ears,feetand nose the gene becomes
active makingthese areas black
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Inheriting Recessive Alleles: Phenylketonuria

= Phenylketonuria (PKU)is aninherited conditioncaused by arecessive allele onanautosome
= [tisaconditionthatcanlead to symptoms suchas mentaldisorders and seizures
= |tis caused byabuild-up of the amino acid phenylalanine inthe body
= Phenylalanine comes frombrokendown proteinfromdietand ourcells
= The enzyme phenylalanine hydroxylase breaks down phenylalanine
= Thisenzymeis coded forbythe PAHgene
= PKUis caused byamutationto the PAH gene thatresults inanon-functionalenzyme so that
the phenylalanine does not getbrokendown
= [nthe UKaround 1in10,000 people are bornwith PKU

= |norderforachild to have PKU,theymust firstinherittwo recessive alleles fromeach of their
parents

= Becauseitis caused byarecessive allele it means that two non-PKU sufferers could have a child
with PKUif both parents are heterozygous carriers of the mutated PAH gene

= Anexample genetic crossis shownbelow:

AgeneticcrossbetweentwoPKUcarrier parentsdiagram
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Diagram showing the parental phenotypes, genotypes, gametes and a Punnett square predicting the
possible genotypes of their offspring. Both parents are PKU carriers and their offspring have a 25%
chance of inheriting the disorder.

= The genetic cross shownonthe Punnett square above demonstrates that the offspringof the
PKU carrier parents have a75% chance of not having PKU and a 25% chance of inheriting 2 PKU
alleles and therefore having the condition

= This patternofinheritance is the same withanyautosomal recessive condition,forexample
cystic fibrosis

= Everybabyborninthe UKand inmanyothercountries around the world are tested forseveral
genetic conditions including PKU

= The babies have asmallprick of blood takenfromthe sole of theirfoot afew days afterbeing
borninorderto be screened forthe condition

O Exam Tip

It should be the case thatinmost exams letters willbe chosenforgenetic crosses that have very
differentupperand lowercase appearances.If you are everasked to use aletterinanexamthat
has asimilarupperand lowercase appearance,suchas P and p, make sure to overly exaggerate
the difference to ensure there is no ambiguity during marking.

Single Nucleotide Polymorphisms & Multiple Alleles

= Manygenes have more thantwo alleles

1 However,adiploid individual will still only inherit two of the possible alleles

= Alleles differfromeachotherbyoneoronly afewbases

= Evenaverysmallchange inbase sequence canbringabout alarge effectingene function,witha
large knock-oneffect onthe phenotype

= Eventhoughdifferent alleles of agene have slightlydifferent base sequences, theystilloccupy
the same locus onthe chromosome

= Since the Human Genome Project,sophisticated techniques cananalyse different alleles

= The exactpositions where bases differbetweenalleles are called SNPs orsnips (Single
Nucleotide Polymorphisms)

= Anallele canhave several SNPs but stillonlydifferby afewbases fromits otherallele
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Multiple Alleles: ABO Blood Groups

Inheritance of blood groupis anexample of co-dominance with multiple alleles
Thisis of criticalimportance whendecidingto give blood transfusions followinginjuryorillness
Use of the wrongblood 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
= Superscripts Aand Brepresent the codominant alleles,|Aforexample
= Lowercaseiwithno superscriptrepresents the recessive allele
[Aresults inthe production of antigen A onthe surface of red blood cells
IBresults inthe production of antigenB onthe surface of red blood cells
iresults 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

@ Worked example

Show how aparentwithblood group Aand a parent withblood group B canproduce offspring
withblood group O.
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Punnett square of theinheritance of blood group

Punnett square showing the inheritance of blood group with two heterozygous parents, type A and type
B

Sex Determination

Sex Determinationin Humans

= Sexis determined byanentire chromosome pair (as opposedto most othercharacteristics that
are justdetermined byone oranumberof genes)
= Females have the sexchromosomes (pair 23 in humans) XX
= Males have the sexchromosomes (pair23 in humans) XY
= Note that therule XXforfemales and XY formales applies to mammals, but notto all species
= Allotherchromosomes (pairs 1- 22in humans) are autosomes and have no influence on
determiningthe sex of offspring
= BecauseonlyafathercanpassonaYchromosome,heisresponsible fordeterminingthe sexof
the child
= Due to meiosis, half of his sperm cells will carry his Xchromosome, half his Y chromosome
= The chromosome carried bythe spermthat fertilises the egg willdetermine the sexof the
child
= His daughtersreceive acopyofhis Xchromosome
= HissonsreceiveacopyofhisYchromosome

Sexdeterminationin humansdiagram
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Sperm cells determine the sex of offspring

= Theinheritance of sexcanbe shownusing a genetic diagram (known as a Punnett square), with
the Xand Ychromosomes taking the place of the alleles usually writteninthe boxes
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Sexdetermination Punnett square

Punnett square showing the inheritance of sex due to the combination of the Xand Y chromosomes from

each of the gametes

Genes carried by Xand Y chromosomes

The Xchromosomei s larger thanthe Y,and has its centromere more centralthanonthe Y

chromosome

= Fewergenesarecoded foronthe Ychromosome as aresult
= The Xcarries around 16 x more genes thanthe Y chromosome

= Non-sexphenotypic traits,including certainblood clottingfactors,are coded foronthe X
chromosome butnotontheY

The Ychromosome carries genes thatcode for male characteristics

One of these genes is the SRY gene whichis involvedin

= Developmentoftestesinmale embryos

= Productionoftestosterone

Females don'treceive these genes,soinstead, ovaries develop and female sexhormones are
expressed
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Sex Linked Disorders: Haemophilia

Some genetic diseases inhumans are sex-linked

Inheritance of these diseases is differentinmales and females

= Sex-linked genes are onlypresent onone sexchromosome and not the other

= This means the sexofanindividual affects what alleles theypass onto theiroffspring through
theirgametes

If the gene is onthe X chromosome, males (XY) willonlyhave one copy of the gene,whereas

females (XX) will have two

There are three phenotypes forfemales:

= normal

= carrier

= hasthedisease,

Males have only two phenotypes

= norma

= hasthedisease

Haemophiliais awellknown sex-linked disease
Thereis agene found onthe Xchromosome thatcodes foraproteincalled factorVlil.Factor VIl
isneeded to make blood clot
There are two alleles forfactor VIl

= The dominant F allele whichcodes fornormal factor Vil

= Therecessive f allele whichresultsinalack of factor VI, meaning a person has haemophilia
Whenapersonpossesses onlythe recessive allele f,theydon'tproduce factorVlilland their
blood can'tclotnormally
If males have anabnormal allele, f, theywill have the conditionas theyhave onlyone copyofthe
gene
Females canbe heterozygous forthe faultygene and not sufferfromthe conditionbutactas a
carrier
This means that haemophiliais apotentiallyfatal genetic disease which affects males more than
females

O Exam Tip

The expected notationwhenwritingabout sexlinked alleles is to use uppercase 'X'and 'Y'forthe

chromosome, next to superscriptletters to represent the allele. Forexample

= XfXfHomozygous female who has haemophilia or XFXf Heterozygous female who is a carrier
= XfYMale who has haemophilia
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@ Worked example

The genetic diagram below shows how two parents withnormal factorVlllcan have offspring with
haemophilia

Parental phenotypes:carrierfemale xnormal male
Parental genotypes: XXt xFY

Parental gametes: XForXf XForY

Monohybrid Punnett Square with Sex-linkage Table

Predicted ratio of phenotypes in offspring

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

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

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 thatcanbe 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 question askingfora probabilityforall
childrenorisitaskingaboutaspecific sex(males orfemales).
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Pedigree Charts

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 in the family willinherit the genetic
disorder

Pedigree chartdiagram

A family pedigree chart

= Males areindicated by the 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(which are
linked underneatheachcouple)
= Romannumerals maybe used to indicate generations
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= Foreachgenerationthe eldestchildis ontheleftand eachindividualis numbered
= The familypedigree above shows:
= Bothmales and females are affected
= Everygenerationhas affected individuals
= 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 childrenas well
= The studyofpedigree charts provides anopportunity to appreciate why marriage betweenclose
relatives is prohibited inmanycountries
= Reproducingwithcloserelativesincreases the chance thatbothindividuals possess
harmfulrecessive alleles that canbe passed onto the offspring
= This causes the offspring to have a much higher chance of inheriting genetic diseases

@ 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 lighter hair,
skinand eyes.

= Usingthe pedigree chart,deduce and explain the following:
1.What type of allele causes albinism?
2.The genotype of individuals named 9 and 7
3.The possible genotypes of 10 and 11

1.Albinismis caused byarecessive allele
= Explanation:We cantell this fromthe pedigree chart because expressionof the disease
skips generationll. Also, personnumber? is an affected individual despite his parents (6 and
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7) beingunaffected. 6 and 7 mustboth be carriers of the recessive allele and 9 has inherited
onerecessive allele fromeach parent.
= |tis unlikelyto be asex-linked disease as bothfemales and males have the condition
2.The genotype of person 9 mustbe homozygous recessive (aa) and the genotype of 7 must be
heterozygous (Aa)
= Explanation: 9 is anaffected individual with albinism (whichis determined by the recessive
allele).7 must be 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

O Exam Tip

When answering questions about pedigree charts forgenetic diseases, itis always useful to
rememberwhich phenotype is caused bythe recessive allele. You canwrite these genotypes
onto yourchartand it will give youa good starting point forworking out the possible genotypes
oftherestoftheindividualsinthe chart.

NOS: Scientists draw general conclusions by inductive reasoning

= Inductive reasoningis the idea of making generalised conclusions based onspecific evidence
takenfromasmallsample
= Forexample,we could observe asample of evidence fromapedigree chart and if that
observationdeviated fromwhat we would expect we could surmise that the condition
could be sex-linked
= Deductive reasoningis making specific deductions about somethingunknownbased on
knownevidence
= Forexample,if two non-affected parents have a child thatis affected bya genetic condition
we candeduce thatthe conditionis caused byarecessive allele,and that the parents are
bothcarriers of the allele
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Continuous Variation: Skills

Continuous Variation

Variation canbe discrete or continuous

= Discrete variationis variation that falls into two ormore clear-cut categories withno overlap or
in-between categories
= Blood groupis anexample of discrete variation
= Allhumanblood is eithergroup O,A,B orAB,eachwithaRhesus factor(+or-)
= This gives just8 distinctblood groups:
Pie chart showing global blood group distribution

Worldwide A, B, O blood group distribution by percentage, 2019
(data varies regionally with ethnicity)

Continuous Variation

= Continuous variationoccurs whentwo or more genes affect the final characteristic
= Forexample, heightinhumans is determined by many genetic factors:
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= Bonelength
Skeletalmuscle structure
= Abilityto absorbfood substances effectively
= Hormone production
= _Aswellas environmental factors like diet, exercise, prenatal nutrition, lifestyle etc
Most characteristics are determined by more thanone gene - a polygenic characteristic
Evengrouped datalike shoe size appears to be discrete butinfact,peoples'feetvary
continuouslyinsize
= Shoesizeis merelyapracticalityforshoe manufacturers,who cannot make exactly the right-
sized shoes foreverybody
Continuous variationin birthmass results inthe population displaying a normal distribution (bell-
shaped curve)
= Environmentalfactors canalso affectbirthmass, e.g.mother's diet, presence of atwin,
smokingetc
Continuous variation occurs when there are quantitative differences inthe phenotypes of
individuals withina population forparticularcharacteristics
Quantitative differences do not fallinto discrete categories like indiscontinuous variation
= Forexample,the mass orheight of ahumanis anexample of continuous variation
= |nstead forthese features,arange of values exist between two extremes withinwhich the

phenotype will fall
Thelack of categories and the presence of arange of values canbe used to identify continuous
variationwhenitis presented inatable orgraph

Normaldistribution curve

Graph showing population variation in height: an example of continuous variation with quantitative
differences
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Genetic basis of continuous variation

= This type of variationis caused byaninteractionbetweengenetics and the environment
= Phenotype =genotype +environment
= Atthe geneticlevel:

= Differentalleles at asingle locus have asmall effect onthe phenotype

= Differentgenes canhave the same effect onthe phenotype and these add togetherto have

anadditive effect
= [falarge numberof genes have acombined effect onthe phenotype theyare knownas
polygenes
= Anexample of acontinuous polygenic trait is skincolour
= Skincolouris determined by severalgenes that cause the productionofaproteincalled
melanin

= The more melaninis produced, the darkerthe skin pigmentationbecomes
= Skincolouris also influenced byenvironmental factors such as UV exposure,whichcancause
the skincolourto become darker

Box & Whisker Plots

What are box plots and when should they be used?

= Boxplots are also known as box-and-whisker diagrams
= Theyareused whenwe are interested insplittingdataupinto quartiles

= Using quartiles and drawingaboxplotallows us to see what is happening at the low, middle and

highpoints and consider any possible extreme values

Howto drawaboxplot

= Youneed to know five values to draw aboxplot
= lowestdatavalue
= Firstquartile
= Median
= Third quartile
= Highestdatavalue
= Usuallyongraphpaper,boxplots are drawn accuratelywith the five points marked byshort
verticallines
= The middle three values thenformaboxwith the medianline inside
= The medianwillnotnecessarilybeinthe middle of the box
= The boxrepresents the interquartile range (middle 50% of the data)
= Thelowest datavalue and highest datavalue are joined to the box byhorizontalllines
= These are oftencalled whiskers
= Theyrepresentthelowest 25% of the dataand the highest 25% of the data
= Youmaybe givenaboxplot
= Fromwhichyoucanread off the five values
= Calculate otherstatistics like the range and interquartile range (IQR)
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