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3.3.1 Inheritance

Mendel's Experiments

Grego r Mendel was an Austrian mo nk

He was trained in mathematics and natural histo ry at the University o f Vienna

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 f ather

o f  genetics 

Mendel's groundbreaking work

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

This technique eliminated any uncertainty  fro m his data since he knew which plants were

fertiliz ed by which po llen

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

o ut their characteristics

He also  cro ss-bred o �spring peas  in o rder to  �nd 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 �o wers  and the smo o thness

o f  their seed co at
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Mendel's pea plant crosses

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

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

The o �spring 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

Di�erent fo rms o f the same gene are called alleles

Mendel's Experimental Technique

NOS: Making quant it at ive measurement s wit h replicat es t o ensure reliabilit y;

Mendel's genet ic crosses wit h pea plant s generat ed numerical dat a

Mendel was no t the �rst to  investigate inheritance using plants

Ho wever, he was the �rst to  generate stro ng numerical (quantitative) data, as o ppo sed to

o bservatio ns o nly (qualitative)

Mendel also  used a large number o f pea plants in his studies, fo r example in o ne investigatio n he

reco rded the characteristics fo r o ver 7,000 pea seeds

By reco rding data fo r such a large number o f seeds he ensured reliability  in his co nclusio ns

Many replicates  are impo rtant in a scienti�c investigatio n because they allo w fo r:

Ensuring reliability o f results

Identi�catio n o f ano malo us po ints

Further statistical analysis to  establish a signi�cant di�erence

Gametes

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

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 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
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The structure of human gametes - the sperm and egg

Exam T ip

Yo u will no t need to  be able to  quo te all o f Mendel's experiments and his results but yo u sho uld

be able to  explain why there is always a 3:1 ratio  in seco nd generatio n o rganisms
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3.3.2 Inheriting Alleles

Segregation of Alleles

Meio sis is a fo rm o f nuclear divisio n that results in the pro ductio n o f  haplo id cells  fro m diplo id

cells

During meio sis a diplo id cell will divide twice  to  fo rm f o ur haplo id cells

It pro duces gametes  in plants and animals that are used in sexual repro ductio n

A diplo id nucleus will co ntain two  co pies o f each gene

A haplo id nucleus co ntains just o ne  co py o f each gene

A diplo id cell o f geno type Yy will pro duce two  gametes carrying the Y allele  and two  carrying

the y allele

The separatio n o f alleles into  di�erent cells during meio sis is called segregatio n

Segregatio n is impo rtant as it allo ws fo r new allele co mbinatio ns  in o �spring

Diploid Zygotes

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 di�erent 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 (f ertiliz ed egg cell) and the pro ductio n o f  o �spring that are genetically

di�erent f ro m each o ther

Fertiliz atio n is de�ned as the f usio n o f  gamete nuclei, and as each gamete co mes fro m a

di�erent parent, there is variatio n in the o �spring

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 also  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 di�erent then the geno type is described as

hetero z ygo us
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Dominant, Recessive & Co-Dominant Alleles

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 speci�c 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 two  alleles fo r 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

This means that the alleles may no t be the same

Fo r example, 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 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 co mbinatio n o f  alleles that co ntro l each characteristic  is called the geno type

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

be the same (homozygous) or di�erent (heterozygous). Alleles can be dominant or recessive.

Co -do minant alleles  have a co mbined e�ect o n the pheno type

Certain red-�o wered plants  can be cro ssed with white-�o wered plants  o f the same

species, and the o �spring's �o wers have a pink co lo ur

Speckled chickens  sho w co -do minance between an allele f o r white f eathers  and an allele

that causes the feathers to  be black

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

When co mpleting genetic diagrams (punnet square diagrams), alleles are abbreviated to  single

letters

The do minant allele is given a capital letter and the recessive allele is given the same letter,

but lo wer case

Fo r example a tall (pheno type) pea plant can have the geno type T T  o r T t; in this case 'T'

represents the do minant tall allele and 't' represents the recessive dwarf allele

Inheritance of Blood Groups

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

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 lidi�es) 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  and the superscripts A, B and O represent the alleles

Alleles I  and I  are co do minant 

I is recessive

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

Blo o d Geno type & Pheno type 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

A B

O  

A

B

O
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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 �spring

with blo o d gro up O.

Punnett square showing the inheritance of blood group

Exam T ip

Take go o d care when hand-writing ABO blo o d gro up geno types and alleles. The expected

no tatio n fo r ABO blo o d gro up alleles is that the letter I is always written in UPPERCASE and all the

alleles must be in superscript. An example is I IA O

Page 8 of 28
For more help visit our website www.exampaperspractice.co.uk



3.3.3 Skills: Inheritance

Constructing Punnett Grids

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

di�erent pheno type

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

certain geno type o r pheno type

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

o �spring 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

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

�. 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)

�. Place each parental geno type against o ne axis  o f a Punnett grid (2 x 2 table)

�. In the bo xes o f the Punnett grid, co mbine the gametes into  the po ssible geno types o f the

o �spring

This gives the o �spring o f the F  generation (1  �lial generation)

�. List the pheno type  and geno type ratio s  fo r the o �spring

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 �spring.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

1
st

1 1

2
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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
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Genotypes of the F1 cross between homozygous green (GG) and homozygous yellow (gg) pea plants.

All o�spring (100%) have the genotype Gg and the phenotype is green.

Step 5: Take two  hetero z ygo us o �spring 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

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

1
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Analysis of Genetic Crosses

Comparison of  predict ed and act ual out comes of  genet ic crosses using real dat a

A Punnett grid diagram sho ws the po ssible co mbinatio ns o f  alleles  that co uld be pro duced in

the o �spring o f a certain genetic cro ss

Fro m this, we can deduce the expected ratio  o f these co mbinatio ns

The actual o utco me achieved fro m the cro ss o ften presents ratio s di�erent  to  tho se deduced

in the punnet grid

This is because there is an element o f chance  invo lved with inheritance

The chi-squared test  is a statistical test that can be used to  determine whether the di�erences

between the o bserved ratio s and the expected ratio s are signi�cant o r due to  chance

Using pea plant s t o demonst rat e t he predict ed out comes of  genet ic crosses

The height o f pea plants is co ntro lled by a single gene that has two  alleles: tall and sho rt

The tall allele is do minant and is sho wn as T

The small allele is recessive and is sho wn as t

A pure breeding sho rt plant is bred with a pure breeding tall plant

The term ‘pure breeding’ indicates that the individual is ho mo z ygo us fo r that characteristic
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A pure-breeding genetic cross in pea plants. It shows that all o�spring will be have the tall phenotype.

Cro ssing the o �spring fro m the �rst cro ss
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A genetic cross diagram (F2 generation). It shows a ratio of 3 tall : 1 short  for any o�spring.
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All o f the o �spring o f the �rst cro ss have the same geno type, T t  (hetero z ygo us), so  the po ssible

co mbinatio ns o f o �spring bred fro m these are: T T  (tall), T t (tall), tt  (sho rt)

There is mo re variatio n in the seco nd cro ss, with a 3:1 ratio  o f tall : sho rt

The F2 generatio n is pro duced when the o �spring o f the F1 generatio n (pure-breeding parents)

are allo wed to  interbreed

Crossing a het eroz ygous plant  wit h a short  plant

The hetero z ygo us plant will be tall with the geno type T t

The sho rt plant is sho wing the recessive pheno type and so  must be ho mo z ygo us recessive – tt

The results o f this cro ss are as fo llo ws:

A cross between a heterozygous plant with a short plant

Exam T ip

If yo u are asked to  use yo ur o wn letters to  represent the alleles in a Punnett grid, try to  cho o se a

letter that is o bvio usly di�erent as a capital than the lo wer case so  the examiner is no t left in any

do ubt as to  which is do minant and which is recessive.
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Pedigree Charts

Family pedigree diagrams are usually used to  trace the pattern o f  inheritance  o f a speci�c

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

A family pedigree chart

Males are indicated by the square shape  and females are represented by circles

In this diagram, a�ected individuals are red  and una�ected are blue

Shading o r cro ss-hatching may also  be used to  sho w a�ected 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

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 a�ected

every generatio n has a�ected individuals
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The eldest so n (in the seco nd generatio n) is a�ected

That there is o ne family gro up that has no  a�ected parents o r children

the o ther two  families have o ne a�ected parent and a�ected children as well

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 a�ects 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:

�. What type o f allele causes albinism

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

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

�. 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 a�ected individual despite his parents (6 and

7) being una�ected. 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

�. 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 a�ected 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
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�. 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 una�ected 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.

3.3.4 Inheritance of Genetic Diseases

Causes of Genetic Diseases

A gene can a�ect the pheno type o f an o rganism

A gene co des fo r a single po lypeptide

The po lypeptide a�ects the pheno type thro ugh a particular mechanism

The pheno type o f an individual can also  be a�ected by the enviro nment

A genetic disease  is caused by a gene which results in an abno rmal pro tein that alters the

pheno type  o f the individual

Mo st genetic diseases are caused by recessive alleles o n auto so mal chro mo so mes

This means that an individual wo uld need two  co pies o f the recessive allele in o rder to

develo p the disease

Individuals that are hetero z ygo us do  no t su�er fro m the disease but are carriers  and can

pass the recessive allele o n to  the next generatio n

A disease determined by a recessive allele includes cystic �bro sis

So me diseases are caused by do minant

This means that o nly o ne  co py o f the allele is required in o rder to  develo p the disease and

this o ne co py can also  be passed o n to  the next generatio n

Individuals that are ho mo z ygo us do minant, will su�er f ro m the disease  and will also  pass the

allele o n to  the next generatio n with 100% pro bability

A disease determined by a do minant allele includes Huntingto n's disease

It is also  po ssible, but rare, fo r a disease to  be caused by co do minant alleles

This means that in individuals with hetero z ygo us geno type, bo th alleles  are expressed in the

pheno type

Therefo re giving a 3rd pheno type  that is di�erent to  the ho mo z ygo us pheno types

A disease determined by co do minant alleles includes sickle cell anaemia

The genes which causes so me genetic diseases are fo und o n the sex chro mo so mes

This means they a�ect males and females di�erently

Examples o f sex-linked diseases include haemo philia and  co lo ur blindness
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Exam T ip

Yo u may be asked to  predict the inheritance o f diseases like the o nes abo ve. An example

questio n wo uld be:

Max and Jane are trying for a 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?

Fo r questio ns like this, it is very impo rtant to  gather early o n whether the abno rmal allele that

causes the disease is do minant o r recessive and if there is any sex linkage. In this example fo r

haemo philia, the abno rmal allele is recessive and the gene is sex-linked. Then the next step

wo uld be to  wo rk o ut the geno types o f the parents fro m the info rmatio n given and use this to

create a genetic diagram.

Examples of Genetic Diseases

Cyst ic Fibrosis

Cystic �bro sis is a genetic diso rder o f cell membranes caused by a recessive  allele (f ) o f the

CFTR gene lo cated o n chro mo so me 7

T his gene codes for the production of chloride ion channels required for

secretion of sweat, mucus and digestive juices

A fault in the CFT R gene leads to production of non-f unctional channels

T his leads to reduced levels 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

in the air passages
Over time, the mucus builds up in the lungs  leading to  infectio ns and blo cks narro w passage

ways, such as the pancreatic duct, leading to  reduced digestive e�ciency as a result o f less

enz yme secretio ns

Cystic �bro sis is determined by a recessive allele, this means:

Peo ple who  are hetero z ygo us  (o nly carry o ne co py o f the recessive allele) wo n’t be

a�ected by the diso rder but are ‘carriers’

Peo ple must be ho mo z ygo us recessive  (carry two  co pies o f the recessive allele) in o rder to

have the diso rder

If bo th parents are carriers, the chance o f them pro ducing a child with cystic �bro sis is 1 in 4,

o r 25%

If o nly o ne o f the parents is a carrier (with the o ther parent being ho mo z ygo us do minant),

there is no  chance o f pro ducing a child with cystic �bro sis
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Inheritance of cystic �brosis if both parents are carriers or if only one parent is a carrier

Hunt ingt on's Disease

Huntingto n’s disease is a genetic co nditio n that develo ps as a perso n ages

Usually a perso n with the disease will no t sho w sympto ms until they are 30 plus years o ld

An individual with the co nditio n experiences neuro lo gical degeneratio n; they lo se their ability to

walk, talk and think

The disease is ultimately fatal

It has been fo und that individuals with Huntingto n's disease have abno rmal alleles o f  the HTT

gene

The HTT gene co des fo r the pro tein huntingtin which is invo lved in neuro nal develo pment

The abno rmal allele is do minant o ver the no rmal allele

If an individual has o ne abno rmal allele present they will su�er fro m the disease

If o nly o ne parent is a carrier o f the do minant allele, there is still a 1 in 2 o r 50%  chance o f

pro ducing a child with the disease
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Huntington’s is caused by a dominant allele

Sex-linked Genetic Diseases

So me genetic diseases in humans are sex-linked

Inheritance o f these diseases is di�erent 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 a�ects what alleles they pass o n to  their o �spring 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  fo r f emales  - no rmal, carrier and has the disease, whereas males

have o nly two  pheno types – no rmal o r has the disease

Sex linkage in drosophila

Tho mas Mo rgan disco vered sex linkage in Drosophila thro ugh studying the ratio s  o f o �spring

pro duced fro m cro sses o f �ies with di�erent eye co lo urs

He fo und that when cro ssing white eyed females and red eyed males, the ratio s achieved were

di�erent to  tho se o bserved when cro ssing red eyed females with white eyed males

Fo r example, when cro ssing a red eyed male, X Y, with a white eyed female, X X , Tho mas Mo rgan

fo und that all female o �spring had red eyes and all male o �spring had white eyes

If this was a gene fo und o n an auto so me, he wo uld have expected to  see that all o f the �rst

�lial (F ) generatio n wo uld have red eyes because red is do minant

Analysis o f the results lead Tho mas Mo rgan to  deduce that the gene fo r eye co lo ur was fo und o n

the X chro mo so me  and therefo re males po ssessed o nly o ne  allele fo r that pheno typic

characteristic

R r r

1
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Eye colour in Drosophila is determined by a gene found on the sex chromosomes

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  o r X Y.f f f
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Examples of Sex-Linked Genetic Diseases

Red-green colour blindness

The gene which is respo nsible fo r synthesiz ing the pho to recepto r pro teins  o f the eye, are

fo und o n the X chro mo so me

The pho to recepto r pro teins are made in the co ne cells o f the eye and detect the speci�c

wavelengths  o f light entering the eye

Red-green co lo ur blindness is caused by a recessive allele  o f this gene

Males are mo re likely to  be red-green co lo ur blind as they o nly po sses 1 allele fo r the gene,

whereas females have 2 alleles and need to  inherit 1 faulty allele fro m bo th parents in o rder to  be

co lo ur blind

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

Haemophilia

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
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There are two  alleles fo r facto r VIII, the do minant F  allele which co des fo r no rmal facto r VIII and

the recessive f  allele which results in a lack o f facto r VIII

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 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 su�er fro m the co nditio n but act as a

carrier

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

females

Worked example

Worked example: Haemophilia

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

with haemo philia

Parental pheno types: carrier female x no rmal male

Parental geno types:      X X                            X Y

Parental gametes:      X  o r X                         X  o r Y

F f   F

F f F

Human Genetic Diseases

There are tho usands  o f genetic diseases that a�ect humans, altho ugh many are caused by

recessive alleles and are therefo re very rare

Naturally numbers o f peo ple su�ering fro m diseases caused by recessive allele remains very lo w

due to  the lo w pro bability o f inheriting 2 recessive alleles. This is the reco gnised pattern o f

Mendelian inheritance

Additio nally, the Human Geno me Pro ject  made it po ssible to  sequence  the entire human

geno me and o pened up the o ppo rtunity fo r scientists to  pinpo int which part o f the geno me is

respo nsible fo r speci�c genetic diseases

No w individuals can go  thro ugh tests to  sequence their o wn geno me in o rder to  establish the

likeliho o d o f inheriting an allele which co uld cause a genetic disease

Parents may cho o se to  go  thro ugh this sequencing pro cess befo re having children so  that they

are aware o f the risks

They can make info rmed decisio ns based o n the o utco me o f the test
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3.3.5 Mutations & Disease

Causes of Mutations

A mutatio n is a change in the sequence o f base pairs in a DNA mo lecule

They o ccur rando mly  and co ntinuo usly to  create new alleles o f a gene

Often o nly with a very small number o f di�erences in the base sequence

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

po lypeptide, mutatio ns in a gene can so metimes lead to  a change in the po lypeptide  that the

gene co des fo r

If the change is signi�cant, this co uld be harmful fo r the o rganism (mutatio ns are rarely

bene�cial). It may a�ect the ability o f  the pro tein to  perf o rm its f unctio n

Fo r example:

If the shape o f the active site o n an enz yme changes, the substrate may no  lo nger be able

to  bind to  the active site

A structural pro tein (like co llagen) may lo se its strength if its shape changes

Mo st mutatio ns are neutral because they do  no t alter the po lypeptide  o r o nly alter it slightly so

that its structure o r functio n is no t changed

This is because the genetic co de is degenerate

Mutatio ns in bo dy cells can lead to  cancer. These mutatio ns are o ften eradicated when the

individuals dies

Mutatio ns o f cells which are invo lved in gamete production can be inherited by the

next generation

Mut agenic agent s

There are natural mechanisms that take place within cells to  ensure the accuracy o f DNA

replicatio n

These mechanisms invo lve pro o freading and repairing damaged DNA

When the mutatio n rate o f a cell rises to  abo ve a no rmal (usually lo w) rate then these mechanisms

have beco me ine�ective

Mutagenic agents are enviro nmental facto rs that increase the mutatio n rate o f  cells

Radiatio n can cause chemical changes in DNA, this includes:

High-energy  radiatio n such as UV light

Io nising radiatio n such as X-rays, gamma rays and alpha particles

Chemical substances  can also  caused changes to  DNA, examples include

Benz o [a]pyrene and nitro samines fo und in to bacco  smo ke
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Mustard gas used as a chemical weapo n in Wo rld War I

Ionising radiation can cause mutations in DNA
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E�ects of Radiation

Chernobyl Nuclear Disast er

Cherno byl Nuclear Po wer Plant is in Ukraine

In 1986 an incident at the plant caused an explo sio n and �re in the nuclear reacto r co re

A large amo unt o f radio active material was released fro m the plant and went into  the air

Radio active iso to pes o f xeno n, krypto n, io dine, caesium, and tellurium were released as well

as large amo unts o f small particles o f uranium

Hundreds o f tho usands o f peo ple were evacuated fro m the surro unding area to  pro tect them

fro m being co ntaminated

An exclusio n z o ne o f aro und 2,600 square kilo metres is still in place aro und the po wer plant

This is because the level o f radiatio n in the area is still very high

The Chernobyl Disaster is probably the worst nuclear disaster in history

The e�ects o f the Cherno byl po werplant explo sio n were signi�cant:

The to tal number o f radiatio n related deaths to  date has reached 4000

Large areas o f pine fo rest turned bro wn and died in the weeks afterwards

Agricultural animals  died due to  thyro id damage  caused by radio active io dine and the

co nsumptio n o f co ntaminated meat e.g. lamb, was banned
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Milk pro duced co ntained high levels o f io dine in areas where waterways had been

co ntaminated

Bio accumulatio n o f radio active materials o ccurred in nearby waterways a�ecting �sh in

co untries tho usands o f kilo metres away and co ntaminating drinking water fo r many species

Tho usands o f cases o f thyro id cancer were reco rded as a direct result o f the radio active

io dine, including o ver 4000 in children and ado lescents

Ho wever, despite all this, there is no  signi�cant evidence  o f an increase in so lid cancers  o r

leukaemia even in the mo st a�ected po pulatio n

With no  human habitatio n within the exclusio n z o ne since the explo sio n, o ther wild animals and

many species o f  plants  have mo ved in and co lo nised  the area

Despite the high radiatio n levels, the life expectancy o f these o rganisms has no t been

sho rtened

The lo ng term e�ects o n tho se who  were expo sed to  lo w levels  o f radiatio n are yet unkno wn as

studies co ntinue

Nuclear bombing of  Hiroshima and Nagasaki

Two  ato mic bo mbs were dro pped in Japan to wards the end o f Wo rld War II. One o n Hiro shima

and o ne o n Nagasaki

Between 150 000 and 200 000 peo ple died as a direct result o f the bo mbs

Half o f these peo ple died o n the day the bo mbs were deto nated and the rest died in the

mo nths immediately afterwards as a result o f burns, radiatio n sickness, injuries o r thro ugh

illnesses and malnutritio n

Huge studies were carried o ut o n o ther survivo rs, co mpared to  a co ntro l gro up, to  build a bigger

picture o f the lo nger term impact o f high expo sure to  radiatio n

Incidence o f cancer were much higher in the survivo rs studied co mpared to  the co ntro l

gro up

An increase in leukaemia cases was seen in bo th cities after a 2 year delay, which reached a

peak aro und 6 years after the bo mbings

Tho se who  were clo ser to  gro und z ero  seemed to  be mo re serio usly a�ected

There were also  tho usands o f reco rded cancero us tumo urs  in the gro ups being mo nito red,

altho ugh due to  co nf o unding f acto rs, o nly aro und 800 co uld be fo rmally attributed to  the

e�ects o f radiatio n

A large study was also  carried o ut into  the e�ects o n babies  pre and po st birth

It was expected that there wo uld be high numbers o f mutatio ns resulting in subsequent

stillbirths o r defo rmities, ho wever, the numbers o f incidence reco rded were no t signi�cant

There was no  evidence  to  suggest that babies co nceived by survivo rs o f the bo mbings were

mo re likely to  be bo rn with birth defects

There were many mo re so cial impacts  asso ciated with the bo mbs

The survivo rs were labelled 'Hibakusha', meaning 'the explo sio n a�ected peo ple' and the

asso ciated stigma lead to  widespread discriminatio n

There were co ncerns  abo ut whether the Hibakusha were co ntagio us  o r whether the

illnesses that they experienced were heritable. Sterilisatio n pro grams were even

co nsidered

As a result, many survivo rs struggled to  �nd emplo yment o r marry
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