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Genetic Inheritance & Genetic Crossing

Inheritance: Gametes & Fertilisation

Gametes are the sex cells  o f an o rganism

Fo r example, the sperm and egg (o vum) cells in humans

The egg is larger than the sperm as mo st o f its space co ntains fo o d to  no urish a gro wing

embryo

The sperm cell co ntains many mito cho ndria to  release energy fo r its mo tio n

Gametes f use  during fertiliz atio n to  fo rm a z ygo te (fertilised egg cell)

These sex cells are fo rmed during meio sis  and o nly have o ne  co py o f each chro mo so me and so

are haplo id  cells

Fo r humans, that means the sperm and egg cells co ntain 23 single chro mo so mes  in their

nucleus (as o ppo sed to  diplo id cells which co ntain 46 chro mo so mes, o r 23 pairs)

As there is o nly o ne chro mo so me f ro m each ho mo lo go us pair there is o nly o ne allele  o f

each gene present

This allele may be do minant, recessive o r co -do minant

Sperm cell diagram

Egg cell diagram
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The structure of human gametes - the sperm and egg

Fusio n o f gametes results in diplo id z ygo tes with two  alleles o f each gene that may be the same

allele o r different alleles

Sexual repro ductio n is a pro cess invo lving the f usio n o f  the nuclei o f  two  gametes (sex cells)

to  f o rm a z ygo te (fertilised egg cell) and the pro ductio n o f o ffspring that are genetically

different f ro m each o ther

Fertilisatio n is defined as the f usio n o f  gamete nuclei, and as each gamete co mes fro m a

different parent, there is variatio n in the o ffspring

When a male and female gamete fuse their chro mo so mes are co mbined

This means the resulting z ygo te is diplo id

The z ygo te co ntains two  chro mo so mes o f each type

It will therefo re have two  alleles  o f each gene

If the two  alleles fo r a particular gene are the same then the geno type is described as

ho mo z ygo us

If the two  alleles fo r a particular gene are different then the geno type is described as

hetero z ygo us
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Genetic Crosses in Flowering Plants

Grego r Mendel was an Austrian mo nk

In the mid-19th century, Mendel carried o ut breeding experiments  o n large numbers o f pea plants

whilst lo o king after the mo nastery gardens

He studied ho w characteristics were passed o n between generatio ns o f  plants

Due to  his extensive wo rk o n the understanding o f inheritance, he is so metimes called the Father

o f  Genetics 

Mendel carefully transf erred po llen fro m o ne pea plant to  the repro ductive parts o f ano ther

Po llen co ntains the male gamete and is lo cated o n the anther o f the flo wer

The female gametes are lo cated in the o vary

The plants repro duce sexually and require po llinatio n fo r fertilisatio n

This technique eliminated any uncertainty  fro m his data since he knew which po llen had

fertilised each o f the plants 

He co llected the pea seeds f ro m these plants  and grew them in favo urable co nditio ns to  find

o ut their characteristics

He also  cro ss-bred o ffspring peas  in o rder to  find o ut which, if any characteristics wo uld appear

in future generatio ns

Mendel investigated the height  o f pea plants, the co lo urs o f  their flo wers  and the smo o thness

o f  their seed co at

Mendel's breeding experiment s of  pea plant s diagram
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Mendel's pea plant crosses

Mendel's Pea Plant  Result s Table
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Mendel fo und that characteristics were inherited  in a predictable pattern

All pea plants in the first generatio n had the same characteristic as o ne  o f the parental plants

The o ffspring plants in the seco nd generatio n had characteristics o f bo th parent plants in a 3:1

ratio

Witho ut kno wing it, Mendel had disco vered genes, he referred to  them as 'units o f  inheritance'

He also  disco vered that so me genes are do minant  and so me genes are recessive

Different fo rms o f the same gene are called alleles

A mo no hybrid trait  is o ne that is co ntro lled by o nly o ne gene

Generally, we co nsider that such a gene has two  alleles

Either: o ne allele is do minant and the o ther is recessive

Or: the alleles are co -do minant

A mo no hybrid cro ss starts with pure-breeding parents  (ho mo z ygo us), each displaying a

different pheno type

This generatio n is kno wn as the parental generatio n, deno ted as the P generatio n

The purpo se o f  a Punnett grid  is to  predict the pro bability o f a certain o ffspring displaying a

certain geno type o r pheno type

In the case where multiple o ffspring are pro duced, Punnett grids can predict the numbers o f

o ffspring that will display a certain geno type o r pheno type after a cro ss

St eps in const ruct ing a Punnet t  Grid

1. Write do wn the parental pheno types  and geno types

2. Write do wn all the po ssible gamete geno types  that each parent co uld pro duce fo r sexual

repro ductio n

A useful co nventio n is to  write the gamete geno types inside a circle  to  deno te them as

gametes (haplo id cells)

3. Place each parental geno type against o ne axis  o f a Punnett grid (2 x 2 table)
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4. In the bo xes o f the Punnett grid, co mbine the gametes into  the po ssible geno types o f the

o ffspring

This gives the o ffspring o f the F  generatio n (1  filial generation)
5. List the pheno type  and geno type ratio s  fo r the o ffspring

Worked example

Sweet peas gro w po ds that are either green o r yello w. The allele fo r green, G, is do minant to  the

allele fo r yello w, g. Co nstruct a Punnett grid to  predict the o utco me when cro ssing green and

yello w pure-bred plants to  sho w the F  generatio n o ffspring. Using plants fro m the F  generatio n,

co nstruct a seco nd Punnett grid to  sho w the o utco mes o f the F  generatio n.

Step 1: Write do wn the parental pheno type and geno types

Green co lo ured po ds                            Yello w co lo ured po ds

GG                                                    gg

Step 2: Write do wn all the po ssible gamete geno types that each parent co uld pro duce

Step 3: Place each parental geno type against o ne axis o f  a Punnett grid (2 x 2 table)

Step 4 : Co mbine the gametes in each bo x o f  the Punnett grid

1
st

1 1

2
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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 phenotype is green.

Step 5: Take two  hetero z ygo us o ffspring f ro m the F  generatio n and cro ss them

Step 6: Co mbine the gametes in each bo x o f  the Punnett grid

1
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Punnett grid showing the results of the F2 generation

Phenotype ratio is 3:1 green:yellow, Genotype ratio is 1 GG: 2 Gg: 1 gg

Plants can sexually repro duce in different ways:

So me plants have the male and female repro ductive parts within the same flo wer

Others have male flo wers and female flo wers o n the same plant

Others have different male and f emale plants

Plants with male and female repro ductive parts o n the same plant can be capable o f self -

po llinatio n and self -f ertilisatio n

Farmers and o rnamental plant gro wers can co ntro l the way their plants repro duce by artificially

po llinating them

If a gro wer thinks a trait is useful o r pro fitable they may cho o se to  self -po llinate  the favo ured

plants to  keep the desirable traits in the next generatio n

Gro wers can also  cro ss-po llinate  by artificial po llinatio n between different plants with

favo ured traits, with the go al to  create new generatio n o f plants will po ssess the desirable

traits fro m bo th parent plants

Genetic cro sses can be used to  predict  and plan fo r these o utco mes
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Inheritance: Terminology

Genotype

A gene  is a sho rt length o f DNA fo und o n a chro mo so me that co des fo r a particular

characteristic  (by co ding fo r the pro ductio n o f a specific pro tein)

Alleles  are variatio ns o f the same gene

As we have two  co pies o f each chro mo so me, we have two  co pies o f each gene and

therefo re every individual will have two  alleles o f each gene

One o f the alleles is inherited f ro m the mo ther and the o ther f ro m the f ather

The alleles may be the same as each o ther, o r they might be different. e.g. an individual has

two  co pies o f the gene fo r eye co lo ur but o ne allele co uld co de f o r bro wn eyes and  o ne

allele co uld co de f o r blue eyes

The co mbinatio n o f alleles that an individual o rganism inherits is its geno type

When the two  alleles at a lo cus are the same/identical, an individual is said to  have a

ho mo z ygo us geno type

When the two  alleles at a lo cus are different  the geno type is said to  be hetero z ygo us

Chromosome diagram

Chromosomes showing genes, loci and alleles
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Exam T ip

Make sure to  no t use the wo rds allele and gene interchangeably. They bo th have different

definitio ns and need to  be used co rrectly in yo ur exams in o rder to  gain marks.

Phenotype

The o bservable characteristics o f an o rganism (seen just by lo o king - like eye co lo ur, o r fo und –

like blo o d type) is called the pheno type

The pheno type o f all characteristics is determined by the fo llo wing facto rs:

The geno type o nly - the co mbinatio n o f the two  alleles fo r the gene fo r the characteristic,

fo r example blo o d gro up is determined this way

The enviro nment  o nly - surro undings such as chemical o r radiatio n expo sure, diet o r exercise

can affect physical characteristics, fo r example scars and accent are determined this way

Interactio n between bo th the geno type and the enviro nment, fo r example height and skin

co lo ur are determined this way

Dominant & Recessive Alleles

Alleles can be do minant  o r recessive

A do minant allele o nly needs to  be inherited f ro m o ne parent  in o rder fo r the characteristic

to  be expressed in the pheno type

A recessive allele needs to  be inherited f ro m bo th parents in o rder fo r the characteristic to

be expressed in the pheno type.

If there is o nly o ne recessive allele, it will remain hidden and the do minant characteristic will

sho w

If the two  alleles o f a gene are the same, we describe the individual as being ho mo z ygo us  (ho mo

= same)

An individual co uld be ho mo z ygo us do minant  (having two  co pies o f the do minant allele), o r

ho mo z ygo us recessive  (having two  co pies o f the recessive allele)

If the two  alleles o f a gene are di�erent, we describe the individual as being hetero z ygo us

(hetero  = di�erent)
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Different  f orms of  allele pairs diagram

Alleles are different forms of the same gene. You can only inherit two alleles for each gene, and they can

be the same (homozygous) or different (heterozygous). Alleles can be dominant or recessive.
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Incomplete & Codominance

Co -do minant alleles  have a co mbined effect o n the pheno type

The alleles are bo th expressed to  an equal extent  in the pheno type

An example o f co do minance is in speckled chickens

Chickens can have different alleles fo r gene that determines the co lo ur o f their feathers

We can deno te the gene fo r co lo ur using the capital letter C

The two  alleles fo r this gene are white  fo r white feather co lo ur, and  black fo r black feather

co lo ur

We deno te the two  alleles using superscript letters, C  and C

A chicken with the geno type C C has white feathers as their pheno type

A chicken with the geno type C C has black feathers as their pheno type

A chicken with the geno type C C has a co mbinatio n o f bo th feather co lo urs, they are

called speckled co lo ur chickens

Because bo th alleles are expressed in the pheno type this is called co do minance

Example of  codominance in chickens diagram

Diagram showing the phenotypes and genotypes of white, black and speckled chickens, which is an

example of codominance

Inco mplete do minance  is similar to  co do minance  because two  alleles are expressed to gether

instead o f just o ne do minant allele being expressed

Ho wever, instead o f bo th alleles being expressed, bo th alleles are partially expressed leading

to  a pheno type which is a blend o f bo th pheno types o r an intermediate  pheno type between the

two

An example is inco mplete do minance can be fo und in the fo ur o 'clo ck flo wer o r marvel o f Peru

(Mirabilis jalapa)

Marvel o f Peru can have different alleles fo r gene that determines the co lo ur o f their flo wers

We can deno te the gene fo r co lo ur using the capital letter C

The two  alleles fo r this gene are white  fo r white flo wer co lo ur, and  red  fo r red flo wer co lo ur

W B

W W

B B 

W B
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We deno te the two  alleles using superscript letters, C  and C

A plant with the geno type C C has white flo wers as their pheno type

A plant with the geno type C C has red flo wers as their pheno type

A plant with the geno type C C has a blend o f bo th co lo urs, which is expressed in the

pheno type as a pink flo wer co lo ur

Because the flo wers are neither white o r red, but an intermediate between this two , this is

inco mplete do minance

Example of  incomplet e dominance in marvel of  Peru diagram

Diagram showing the phenotypes and genotypes of white, red and pink flowers of the marvel of Peru,

which is an example of incomplete dominance

Exam T ip

When referring to  different species examples in an exam yo u can use either the co mmo n name o r

the scientific name to  gain marks. Fo r example yo u co uld say 'fo ur o 'clo ck flo wer' o r 'marvel o f

Peru' o r 'Mirabilis jalapa' to  be awarded the mark.

W R

W W

R R  

W R

Inheriting Alleles

Phenotypic Plasticity

Pheno typic plasticity is the idea that altho ugh geno type remains �xed  thro ugho ut an o rganism's

lifetime, the way that the pheno type is expressed  can vary during this time

An o rganism’s internal o r external enviro nment can in�uence gene expressio n patterns, and

therefo re pheno type

The levels o f regulato ry pro teins o r transcriptio n facto rs can be a�ected in respo nse to

enviro nmental stimuli such as light, and chemicals including drugs and ho rmo nes

Fo r example, enz ymes are activated in respo nse to  ultravio let radiatio n and increase the

expressio n and pro ductio n o f  melanin, leading to  skin pigmentatio n

Temperature can also  in�uence gene expressio n as demo nstrated by o rganisms

The Himalayan rabbit (Oryctolagus cuniculus L.) po ssesses a gene fo r the develo pment o f

pigmentatio n in its fur

The gene is inactive abo ve 35°C but active between 15°C and 25°C

In the parts o f the bo dy that are co o ler such as ears, feet and no se the gene beco mes

active making these areas black
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Inheriting Recessive Alleles: Phenylketonuria

Phenylketo nuria (PKU) is an inherited co nditio n caused by a recessive allele  o n an auto so me

It is a co nditio n that can lead to  sympto ms such as mental diso rders and seiz ures

It is caused by a build-up o f the amino  acid phenylalanine  in the bo dy 

Phenylalanine co mes fro m bro ken do wn pro tein fro m diet and o ur cells

The enz yme phenylalanine hydro xylase breaks do wn phenylalanine

This enz yme is co ded fo r by the PAH gene 

PKU is caused by a mutatio n to  the PAH gene that results in a no n-f unctio nal enz yme  so  that

the phenylalanine do es no t get bro ken do wn

In the UK aro und 1 in 10,000 peo ple are bo rn with PKU

In o rder fo r a child to  have PKU, they must first inherit two  recessive alleles  fro m each o f their

parents

Because it is caused by a recessive allele it means that two  no n-PKU sufferers co uld have a child

with PKU if bo th parents are hetero z ygo us carriers  o f the mutated PAH gene

An example genetic cro ss is sho wn belo w:

A genet ic cross bet ween t wo PKU carrier parent s diagram
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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 cro ss sho wn o n the Punnett square  abo ve demo nstrates that the o ffspring o f the

PKU carrier parents have a 7 5% chance o f  no t having PKU and a 25% chance o f  inheriting 2 PKU

alleles  and therefo re having the co nditio n

This pattern o f inheritance is the same with any auto so mal recessive co nditio n, fo r example

cystic fibro sis

Every baby bo rn in the UK and in many o ther co untries aro und the wo rld are tested  fo r several

genetic co nditio ns including PKU

The babies have a small prick o f blo o d taken fro m the so le o f their fo o t a few days after being

bo rn in o rder to  be screened fo r the co nditio n

Exam T ip

It sho uld be the case that in mo st exams letters will be cho sen fo r genetic cro sses that have very

di�erent upper and lo wercase appearances. If yo u are ever asked to  use a letter in an exam that

has a similar upper and lo wercase appearance, such as P and p, make sure to  o verly exaggerate

the di�erence to  ensure there is no  ambiguity during marking.

Single Nucleotide Polymorphisms & Multiple Alleles

Many genes have mo re than two  alleles

Ho wever, a diplo id individual will still o nly inherit  two  o f  the po ssible alleles

Alleles di�er fro m each o ther by o ne o r o nly a f ew bases

Even a very small change in base sequence can bring abo ut a large e�ect in gene f unctio n, with a

large kno ck-o n e�ect o n the pheno type

Even tho ugh di�erent alleles o f a gene have slightly di�erent base sequences, they still o ccupy

the same lo cus o n the chro mo so me

Since the Human Geno me Pro ject, so phisticated techniques  can analyse di�erent alleles

The exact po sitio ns where bases di�er between alleles are called SNPs  o r snips  (Single

Nucleo tide Po lymo rphisms)

An allele can have several SNPs but still o nly di�er by a f ew bases  fro m its o ther allele
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Multiple Alleles: ABO Blood Groups

Inheritance o f blo o d gro up is an example o f co -do minance with multiple alleles

This is o f critical impo rtance when deciding to  give blo o d transf usio ns  fo llo wing injury o r illness

Use o f the wro ng blo o d gro up can cause an immune respo nse that co agulates (so lidifies) blo o d,

leading to  clo ts and serio us illness/death

There are three alleles o f the gene co ntro lling a perso n's blo o d gro up instead o f the usual two

I represents the gene

Superscripts  A and B represent the co do minant  alleles, I  fo r example

Lo wercase i with no  superscript represents the recessive allele

I  results in the pro ductio n o f antigen A o n the surface o f red blo o d cells

I  results in the pro ductio n o f antigen B  o n the surface o f red blo o d cells

i results in no  antigens  being pro duced o n the surface o f red blo o d cells

These three po ssible alleles can give us the fo llo wing geno types and pheno types

Blood Genot ype & Phenot ype Table

We can use genetic diagrams to  predict the o utco me o f cro sses that invo lve the co do minant

alleles co ntro lling blo o d gro ups

Worked example

Sho w ho w a parent with blo o d gro up A and a parent with blo o d gro up B can pro duce o ffspring

with blo o d gro up O.

A

A

B
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Punnet t  square of  t he inherit ance of  blood group

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

B

Sex Determination

Sex Determination in Humans

Sex is determined by an entire chro mo so me pair (as o ppo sed to  mo st o ther characteristics that

are just determined by o ne o r a number o f genes)

Females  have the sex chro mo so mes (pair 23 in humans) XX

Males  have the sex chro mo so mes (pair 23 in humans) XY

No te that the rule XX fo r females and XY fo r males applies to  mammals, but no t to  all species

All o ther chro mo so mes (pairs 1 - 22 in humans) are auto so mes and have no  in�uence o n

determining the sex o f o �spring

Because o nly a father can pass o n a Y chro mo so me, he is respo nsible f o r determining the sex o f

the child

Due to  meio sis, half o f his sperm cells will carry his X chro mo so me, half his Y chro mo so me

The chro mo so me carried by the sperm that f ertilises the egg will determine the sex o f the

child

His daughters receive a co py o f his X chro mo so me

His so ns receive a co py o f his Y chro mo so me

Sex det erminat ion in humans diagram
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Sperm cells determine the sex of offspring

The inheritance o f sex can be sho wn using a genetic diagram (kno wn as a Punnett square), with

the X and Y chro mo so mes taking the place o f the alleles usually written in the bo xes
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Sex det erminat ion Punnet t  square

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

each of the gametes

Genes carried by X and Y chromosomes

The X chro mo so me is larger than the Y, and has its centro mere mo re central than o n the Y

chro mo so me

Fewer genes are co ded fo r o n the Y chro mo so me as a result

The X carries aro und 16 × mo re genes than the Y chro mo so me

No n-sex pheno typic traits, including certain blo o d clo tting f acto rs, are co ded fo r o n the X

chro mo so me but no t o n the Y

The Y chro mo so me carries genes that co de f o r male characteristics

One o f these genes is the SRY gene  which is invo lved in

Develo pment o f testes in male embryo s

Pro ductio n o f testo stero ne

Females do n't receive these genes, so  instead, o varies develo p  and f emale sex ho rmo nes  are

expressed
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Sex Linked Disorders: Haemophilia

So me genetic diseases in humans are sex-linked

Inheritance o f these diseases is different in males and females

Sex-linked genes are o nly present o n o ne sex chro mo so me and no t the o ther

This means the sex o f an individual affects what alleles they pass o n to  their o ffspring thro ugh

their gametes

If the gene is o n the X chro mo so me, males (XY) will o nly have o ne co py o f the gene, whereas

females (XX) will have two

There are three pheno types f o r f emales:

no rmal

carrier

has the disease,

Males have o nly two  pheno types

no rma

has the disease

Haemo philia is a well kno wn sex-linked disease

There is a gene f o und o n the X chro mo so me that co des fo r a pro tein called facto r VIII. Facto r VIII

is needed to  make blo o d clo t

There are two  alleles fo r facto r VIII

The do minant F  allele which co des fo r no rmal f acto r VIII

The recessive f  allele which results in a lack o f  f acto r VIII, meaning a perso n has haemo philia

When a perso n po ssesses o nly the recessive allele f , they do n’t pro duce facto r VIII and their

blo o d can't clo t no rmally

If males have an abno rmal allele, f,  they will have the co nditio n as they have o nly o ne co py o f the

gene

Females can be hetero z ygo us fo r the faulty gene and no t suffer fro m the co nditio n but act as a

carrier

This means that haemo philia is a po tentially fatal genetic disease which affects males mo re than

f emales

Exam T ip

The expected no tatio n when writing abo ut sex linked alleles is to  use upper case 'X' and 'Y' fo r the

chro mo so me, next to  superscript letters to  represent the allele. Fo r example

X X  Ho mo z ygo us female who  has haemo philia o r X X  Hetero z ygo us female who  is a carrier

X Y Male who  has haemo philia 

f f F f

f
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Worked example

The genetic diagram belo w sho ws ho w two  parents with no rmal facto r VIII can have o ffspring with

haemo philia

Parental phenotypes: carrier female x no rmal male

Parental genotypes:      X X                            X Y

Parental gametes:      X  o r X                         X  o r Y

Monohybrid Punnet t  Square wit h Sex-linkage Table

Predicted ratio of phenotypes in offspring

1 female with no rmal blo o d clo tting : 1 carrier female : 1 male with haemo philia : 1 male with no rmal blo o d

clo tting

Predicted ratio  o f geno types in o ffspring: 1 X X  : 1 X X  : 1 X Y : 1 X Y

F f   F

F f F

F F F f F f

Exam T ip

Make sure to  include all o f yo ur wo rking o ut when co nstructing genetic diagrams. It is no t eno ugh

just to  co mplete a Punnett grid, yo u need to  sho w that yo u have tho ught abo ut the po ssible

gametes that can be pro duced by each parent. Also , remember to  state the pheno type  as well

as the geno type o f the o �spring that result fro m the cro ss. Read the questio ns carefully when

answering sex-linked inheritance questio ns – is the questio n asking fo r a pro bability fo r all

children o r is it asking abo ut a speci�c sex (males o r females).
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Pedigree Charts

Pedigree Charts

Family pedigree diagrams are usually used to  trace the pattern o f  inheritance  o f a specific

characteristic (usually a disease) thro ugh generatio ns o f  a f amily

This can be used to  wo rk o ut the pro bability that so meo ne in the family will inherit the genetic

diso rder

Pedigree chart  diagram

A family pedigree chart

Males are indicated by the square shape  and f emales are represented by circles

In this diagram, affected individuals are red  and unaffected are blue

Shading o r cro ss-hatching may also  be used to  sho w affected individuals

Ho riz o ntal lines  between males and females sho w that they have pro duced children (which are

linked underneath each co uple)

Ro man numerals  may be used to  indicate generatio ns
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Fo r each generatio n the eldest child is o n the left and each individual is numbered

The family pedigree abo ve sho ws:

Bo th males and females are affected

Every generatio n has affected individuals

The eldest so n (in the seco nd generatio n) is affected

That there is o ne family gro up that has no  affected parents o r children

The o ther two  families have o ne affected parent and affected children as well

The study o f pedigree charts pro vides an o ppo rtunity to  appreciate why marriage between clo se

relatives is pro hibited  in many co untries

Repro ducing with clo se relatives increases the chance that bo th individuals po ssess

harmf ul recessive alleles that can be passed o nto  the o ffspring

This causes the o ffspring to  have a much higher chance  o f inheriting genetic diseases

Worked example

Worked example: Pedigree charts

Belo w is a pedigree chart which traces the inheritance o f albinism acro ss several

generatio ns. Albinism affects the pro ductio n o f the pigment melanin leading to  lighter hair,

skin and eyes.

Using the pedigree chart, deduce and explain the fo llo wing:

1. What type o f allele causes albinism?

2. The geno type o f individuals named 9  and 7

3. The po ssible geno types o f 10 and 11

1. Albinism is caused by a recessive allele

Explanatio n: We can tell this fro m the pedigree chart because expressio n o f the disease

skips generatio n II. Also , perso n number 9 is an affected individual despite his parents (6 and
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7) being unaffected. 6 and 7 must bo th be carriers o f the recessive allele and 9 has inherited

o ne recessive allele fro m each parent.

It is unlikely to  be a sex-linked disease as bo th f emales and males have the co nditio n

2. The geno type o f perso n 9 must be ho mo z ygo us recessive  (aa) and the geno type o f 7 must be

hetero z ygo us  (Aa)

Explanatio n: 9 is an affected individual with albinism (which is determined by the recessive

allele). 7 must be hetero z ygo us in o rder fo r him to  pass o n the recessive allele to  perso n 9

3. The po ssible geno types o f 10 and 11 are hetero z ygo us  (Aa) o r ho mo z ygo us do minant  (AA)

Explanatio n: This is because they are unaffected individuals so  must po ssess at least o ne

do minant allele (A), ho wever, it is po ssible that they each inherited a do minant allele fro m

each parent

Exam T ip

When answering questio ns abo ut pedigree charts fo r genetic diseases, it is always useful to

remember which pheno type is caused by the recessive allele. Yo u can write these geno types

o nto  yo ur chart and it will give yo u a go o d starting po int fo r wo rking o ut the po ssible geno types

o f the rest o f the individuals in the chart.

NOS: Scientists draw general conclusions by inductive reasoning 

Inductive reaso ning is the idea o f making generalised co nclusio ns  based o n specific evidence

taken fro m a small sample 

Fo r example, we co uld o bserve a sample o f evidence fro m a pedigree chart and if that

o bservatio n deviated f ro m what we wo uld expect  we co uld  surmise that the co nditio n

co uld be sex-linked

Deductive reaso ning is making specific deductio ns  abo ut so mething unkno wn based o n

kno wn evidence

Fo r example, if two  no n-affected parents have a child that is affected by a genetic co nditio n

we can deduce that the co nditio n is caused by a recessive allele, and that the parents are

bo th carriers o f the allele
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Continuous Variation: Skills

Continuous Variation

Variation can be discrete or continuous

Discrete variatio n is variatio n that falls into  two  o r mo re clear-cut catego ries with no  o verlap o r

in-between catego ries

Blo o d gro up is an example o f discrete variatio n

All human blo o d is either gro up O, A, B o r AB, each with a Rhesus facto r (+ o r -)

This gives just 8 distinct blo o d gro ups:

Pie chart  showing global blood group dist ribut ion

Worldwide A, B, O blood group distribution by percentage, 2019

(data varies regionally with ethnicity)

Continuous Variation

Co ntinuo us variatio n o ccurs when two  o r mo re genes  affect the final characteristic

Fo r example, height in humans is determined by many genetic f acto rs:
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Bo ne length

Skeletal muscle structure

Ability to  abso rb fo o d substances effectively

Ho rmo ne pro ductio n

…As well as enviro nmental facto rs like diet, exercise, prenatal nutritio n, lifestyle etc

Mo st characteristics are determined by mo re than o ne gene - a po lygenic  characteristic

Even gro uped data like sho e siz e appears to  be discrete but in fact, peo ples' feet vary

co ntinuo usly in siz e

Sho e siz e is merely a practicality fo r sho e manufacturers, who  canno t make exactly the right-

siz ed sho es fo r everybo dy

Co ntinuo us variatio n in birth mass results in the po pulatio n displaying a no rmal distributio n (bell-

shaped curve)

Enviro nmental facto rs can also  affect birth mass, e.g. mo ther's diet, presence o f a twin,

smo king etc

Co ntinuo us variatio n o ccurs when there are quantitative differences  in the pheno types o f

individuals within a po pulatio n fo r particular characteristics

Quantitative differences do  no t fall into  discrete catego ries like in disco ntinuo us variatio n

Fo r example, the mass o r height o f a human is an example o f co ntinuo us variatio n

Instead fo r these features, a range o f  values  exist between two  extremes within which the

pheno type will fall

The lack o f catego ries and the presence o f a range o f values can be used to  identif y co ntinuo us

variatio n when it is presented in a table o r graph

Normal dist ribut ion curve

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

di�erences
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Genetic basis of continuous variation

This type o f variatio n is caused by an interactio n between genetics and the enviro nment

Pheno type = geno type + enviro nment

At the genetic level:

Different alleles  at a single lo cus have a small effect  o n the pheno type

Different genes  can have the same effect  o n the pheno type and these add to gether to  have

an additive effect

If a large number o f genes have a co mbined effect o n the pheno type they are kno wn as

po lygenes

An example o f a co ntinuo us po lygenic trait  is skin co lo ur

Skin co lo ur is determined by several genes  that cause the pro ductio n o f a pro tein called

melanin

The mo re melanin is pro duced, the darker the skin pigmentatio n beco mes

Skin co lo ur is also  in�uenced by enviro nmental f acto rs such as UV expo sure, which can cause

the skin co lo ur to  beco me darker

Box & Whisker Plots

What are box plots and when should they be used?

Bo x plo ts  are also  kno wn as bo x-and-whisker diagrams

They are used when we are interested in splitting data up into  quartiles

Using quartiles and drawing a bo x plo t allo ws us to  see what is happening at the lo w, middle and

high po ints and co nsider any po ssible extreme values

How to draw a box plot

Yo u need to  kno w �ve values  to  draw a bo x plo t

Lo west data value

First quartile

Median

Third quartile

Highest data value

Usually o n graph paper, bo x plo ts are drawn accurately with the �ve po ints marked by sho rt

vertical lines

The middle three values then fo rm a bo x with the median line inside

The median will no t necessarily be in the middle o f the bo x

The bo x represents the interquartile range  (middle 50%  o f the data)

The lo west data value and highest data value are jo ined to  the bo x by ho riz o ntal lines

These are o ften called whiskers

They represent the lo west 25% o f the data and the highest 25% o f the data

Yo u may be given a bo x plo t

Fro m which yo u can read o � the �ve values

Calculate o ther statistics like the range  and interquartile range  (IQR)
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