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Sexualreproduction involves the joining ofiale andfemale
gametes.
A gameteis the scientific term for a sex cell.
In animals, the gametes are tk@ermand theeggcells.
In flowering plants, the gametes are thellen and theeggcells.

In sexual reproductionnixing of
genetic informationoccurs which
leads tovariety in the offspring.
Every newoffspring formed isunigue.
The gametes are produced lbwiosis

Asexualreproduction involves onlgne parent There 1o fusion
of gametes/No mixingof genetic information occurs:! offspring
are geneticallydentical (calledcloneg. Onlymitosisis involved.

better hope - brighter future
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Meiosisleads tonon identicalcells being formed.
Mitosis leads toidentical cells (clones) being formed.

Cells in theeproductive organs
divide bymeiosisto form gametes
In animals, the reproductive organs
are theovariesandtestes

Vielosisis sometimes called
reduction divisionbecause ithalves

the number of chromosomen the This brother and sister
gametes. When male and female have the same parents
gametes fuse duringgrtilisation, but they look diferent.
the number of chromosomes are They showvariation
restored. because of meiosis.

better hope - brighter future
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This is the process a cell goes through to produce gametes:

Melosis @
—
—

[ — -* B C
Al . “@ -'@
Copiesof the genetic \\\ —T‘ -
Information are made. e
The celdivides twice 4

to form 4 gametes
each with asingle set All4 gametesare
of chromosomes This genetically different
is half the number of | | from each other and to

the original cell. the parent.
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A cell in the testes has chromosomes. When this cell undergoes meias
It produces 4 gametes each wifty chromosomes. The same process
occurs Iin the ovary to produce egg cells.

The male and female gametes joinfat to restore the normal
number of chromosomes.
The fertilised egg cell now contaifi§ chromosomes.

®

Sperm cell made by

Egg cell made b meiosis in the testes
meiosis in the ovary

Fertilised egg cell
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A

occurs. The genetic

material from the

sperm and egg

combine to form a
cell.

-

B The fertilised cell
divides by to
form

-------

CBoth cells divide hy ——— — .
- - Mitosis continues and a ball of identical cells is formed.

_mItOS_IS to form 4 This is now called armbryo. Cells now begin to

identical cells. differentiate into different types of cell.
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There are to both and reproduction

Variation occurs in the offspring] Only one parent is required so |
IS amore efficientuse of time
and energy agdo notneed to

find amate.
If the environment changes, Many identical offspringcanbe
variation will give aurvival produced if conditions are

advantage by natural selectian | favourable.
There is a better chance of at
least some organisms surviving

Natural selectioncan be Occurdasterthan sexual
manipulatedand sped up by reproduction.

humans byselectivebreeding
to increase food production.
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(biology only)

There are advantages to sexual and asexual reproduction, so some
organismgseproduce using both methoddepending on the circumstances

Malarial Reproduceasexuallyin the humanhost,
parasites but sexuallyinside amosquito.
Video
Reproduceasexuallyby spores and
Fungi sexuallyto givevariation.
When Strawberryplants
daffodils produceseeds
flower f‘* ) #also 4 sexuallyand
they producel \j/ reproduce reproduceasexually
seeds }/ I asexuallyby " "usingrunners A
~ bulb genetically identical
division.

This issexual
reproduction. @

plant forms at the end
of the runner.

better hope - brighter future
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Thegenetic materialin the nucleus of most cells is made from a
chemical calledNA

DNA is aolymermade from two strands which twist around each
other making a spiral ladder.

Apolymeris a This shape is
large molecule known as a
made from double helix

manysmaller
molecules called
monomers

DNA stands fordeoxyribaucleic
sfOAR® ,2dz R2y Qi ySSR (2 NBY

better hope - brighter future
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DNA is arranged in structures callgdomosomesA Y 8 A RS |
nucleus.

Ageneis a small section on a
chromosome. Each gene
codesfor a particular
sequence ofimino acidsto
make a specificrotein.
A human has approximately
24 000 genes In total. Each
.V single chromosome is made
A human chromosome up of about 2000 genes.

.

A3 >4

In human body cells thenromosomesare normally found in
pairs. Each cell has3 pairsof chromosomes.
The chromosome number varies from one organism to another.
Ahorsehas32 pairsof chromosomes and laouseflyhas1? pairs

better hope - brighter future
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Thegenomeof an organism is defined as tleatire genetic material

of that organism.

TheHuman Genome ProjedHGP) was an international N\ <

scientific research project septo map all the genetic S

information in a human being. | ,‘
Y7

It began in 1990 and was completed in 2003. The whole | #
numan genome has now been studiend this will have great §
significance fomedicinein the future. This work to understan( \,
the human genome is important for several reasons:

C To enable scientists to search for thenes linked to different
lypes of diseasdo look for possible treatment or correction
C To enable doctors to betternderstand and treat inherited
disorders
To be able to trace historfcuman migrationpatterns. video

better hope - brighter future
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DNA is made from repeating monomers calheatleotides There are!
different nucleotides The long strands of DNA consist of alternating
sugar and phosphate sections.

Each nucleotide is made from three components:

AA phosphate group

AA simplepentosesugar (this means it contains carbon atoms)

AA base

There are4 bases in DNA

Adenine (A), thymine (T) =3 = Adenine
guanine (G) and cytosine (C) =1 = Thymine
. : _ == = Cytosine
Notice in the diagram thaideninealways |
pairs up withthymine or vice versa. [ = Guanine
Cytosinealways pairs up withjuanine
or vice versa. = Alternating
-~ sugar and
phosphate

This is calledomplementarypairing. sections.
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Proteinshave many different vital functions in our body.
AEnzymes all made from protein.

AHormonesc all made from protein

AAntibodiesc all made from protein

AStructuralcomponents such as muscle, hair and nail tissue.

Genegprovide theinstructionsto make therequired proteinfrom
amino acids

It is estimated there are over 2 million proteins in a human body
and all are made from combinations of just 20 different amino
acids.

A sequence ofhree baseds thecodefor a particularamino acid
Theorder of the basescontrols theorder in whichamino acidsare
assemblecdo produce an individual protein.

better hope - brighter future
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Making new proteins (Protein synthesis)

DNAIs found in thenucleusof a cell, butoroteinsare madein the cytoplasm on
ribosomes

Amino

Nucleus _—== <«— Nuclear membrane aqd?
f”/f?/lﬂﬂjrﬁ= | tRNA

Cytoplasm

MRNA
makes
template

copy

Partof
the DNA
unravels

MRNA leaves the nucle> Ribosome

1. Part of theDNA unravels.

2. Enzymes make @pyof the DNA strand. This is
called mRNA.

3. mRNAmovesout of the nucleus into theytoplasm.

better hope - brighter future
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4. The mRNA travels to thienosomein the cytoplasm.

5. Ribosomeganslate each set of3 basednto amino acidsaccording tahe
MRNA template

6. Amino acids are found in the cytoplasm. Theect amino acidor each seof
3 bases is brought to thebosomeby acarrier molecule

7. Along chainof amino acids form. Thespecific ordeforms aspecific protein

3 bases amino
acid

Amino =
acid N E .
. gCarrier I _ I - .
molecule
Large I = O
subunit _ §

| il seoew® © ‘

.‘ mRNA
Sma'll'su -uhit 3 baSes codes for a

~ specific amino acid

better hope - brighter future

Amino acid
chain (protein)

Ribosome <
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When theprotein chainis complete, ifolds upto form aunigue
shape.

This uniqueshapeallows the protein to carry out itsle effectively.

This could be as an enzyme, hormone or structures in the body st
as collagen.

Aminoacid —
chain (protein)

An enzyme

better hope - brighter future
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Mutations occur continuoushduring cell divisionViost of the time
when a mutation occurs, thehangeto the coding of DNA is sadight

It does not affecithe protein beingmade. The proteinappearance
andfunction areunchanged.

Occasionally. mutation does change the DNA code enough to rest
In analtered proteinwith a different shape.

/ a
+ _.. B ‘ |
Active site binds with the substrate Mutated active site has a different shape and no
longer binds with the substrate.

Theactive siteof anenzymemay have ahanged shapand then
the enzyme wilhot be able tobind to the substrate The enzyme will
no longer function.

Structural proteinssuch aseratin or collagenmay alsdosetheir
strengthif their shape was altered.

J

better hope - brighter future
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Every celin an organism (apart from a gamete) with a
nucleus will have aomplete setof chromosomes This
means cells possess every gene that is needed to ma
every protein the organism ever needs to produce.

Most cellsin the body will onlyusea verysmall amount
of the genesavailable. If ajene is activatedo convert
the DNA code into a certain protein then we say the
genehas beerexpressed A muscle cell will never be
required to make the protein used in the iris of the eye|
This gene will not be expressed in the muscle cell.

Most of the DNAdoes notactuallycode for proteins
Research is still ongoing to find out what the function ¢
the non coding DNA is. Non coding parts garich
genes on or ofin a cell Mutations in the non coding
DNAmayaffect how genesareexpressed

better hope - brighter future



I . X L
partners in excellence

Questionl|T!

Inheritance
Part 1

A Reproduction
A Meiosis

A DNA and the genome
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1. What Is a gamete?
2. Name the malandfemale gametes in a) a human b) a daisy plz

3. For each row, tickne box to show which method of cell division
IS correct.

Genetic mixing happens

Gamete production occurs

Newcells show variation

New cells have same number of chromosome
as parent

Happens in skin cells

Two divisions occur

Twonew cells are formed as a result

Identical cells are formed
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4.

© N o O

10.

How many chromosomes are found in the nucleus of a human:
a) ovary cell ?

b) egg cell ?

c) embryo cell ?

d) a cell just after fertilisation has occurred?

e) a testes cell ?

Name the shape which best describes the DNA polymer.
How is DNAvrganisednside the cell nucleus?
Which idarger,a chromosome or a gene?

What does a gene code for?

Write down the definition of the genome of a horse.

Listtwo reasons why it is important to understand more about the
human genome.
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11. What are three advantages of sexual reproduction?

12. What are three advantages of asexual reproduction?

13. List three organisms which reproduce using both sexual and asexual reproduction
methods

14. Where would you find a nucleotide?

15. What does a nucleotide consist of?

16. What are the symbols of the 4 bases found in DNA?

17. What does the code for an amino acid consist of?

18. Fill in the missing terms:

The long strands of DNA are made of alternating and sections.
Attached to each Is one of the four bases.
The DNA polymer is made up of repeating units.

Higher Tier biology only

19. In the complementary strands of Di§Avhich base is T always linked to?

20. Which organelle in the cytoplasm carries out protein synthesis?

21. What do carrier molecules bring to the organelle from the cytoplasm?

21. What happens in protein synthesis once the protein chain is complete?

22. What happens if a mutation codes for a slightly altered enzyme protein with a differe!
shape

23. What can nostoding parts of DNA do?
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A Reproduction @“All" |
A Meiosis |

A Advantages and disadvantages of sexual
and asexual reproduction (biology only)

A DNA and the genome
A DNA structure (biology only)
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1. What is a gamete?
A cell with half the number of chromosomes of the parent cell.

2. Name the maleandfemale gametes in a) a human b) a daisy plant
a) Male = sperm Female = eqgg
b) Male = pollen Female = egg

3. For each row, tickne box to show which method of cell division is
correct

Genetic mixing happens Vv
Gamete production occurs \
Newcells show variation \
New cells have same nof chromosomess parent V
Happens in skin cells Vv
Two divisions occur \
Twonew cells are formed as a result V
Identical cells are formed V
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4. How many chromosomes are found in the nucleus of a human:

a) ovary cell ? 46
b) egg cell ? 23
c) embryo cell ? 46
d) a cell just after fertilisation has occurred@
e) a testes cell ? 46
5. Name the shape which best describes the DNA polymer.
Double helix

6. How is DNArganisednside the cell nucleus?
Arranged in chromosomes

7. Which is larger, a chromosome or a geneRromosome
8. What does a gene code fof?particular sequence of amino acids
9. Write down the definition of the genome of a horse.

All the genetic material of the horse.
10. Listtwo reasons why it is important to understand more about the human
genome.
To be able to identify the genes which are linked to different diseases
To understand and be able to treat inherited disorders

To use in tracing human migration patterns from the past.
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11. What are three advantages of sexual reproduction?
Produce variation in the offspring
If environment changes can give a survival advantage meaning some organisr
are likely to survive
Humans can speed up natural selection by selective breeding to increase food
production
12. What are three advantages of asexual reproduction?
Only one parent needed
More time and energy efficient as do not need to find a mate
Faster than sexual reproduction
Many identical offspring can be produced when conditions are favourable
13. List three organisms which reproduce using both sexual and asexual reproduction.
Malarial parasites

Fungi
Strawberry plants
Daffodils
14. Where would you find a nucleotide? DNA
15. What does a nucleotide consist of? Common sugar, phosphate group, base

16. What are the symbols of the 4 bases found in DNIA?C G
17. What does the code for an amino acid consist/tof2quence of three bases

better hope - brighter future
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18. Fill in the missing terms:
The long strands of DNA are made of alternatingugar and __ phosphate

sections.
Attached to each sugar Is one of the four bases.
The DNA polymer is made up of repeating  nucleotide units.

Higher Tier biology only

19. In the complementary strands of Di§Avhich base is T always linked t&?

20. Which organelle in the cytoplasm carries out protein synthésis@some

21. What do carrier molecules bring to the organelle from the cytoplas&mo acids

21. What happens in protein synthesis once the protein chain is complétedroteinfolds
up into a unique shape.

22. What happens if a mutation codes for a slightly altered enzyme protein wiiffieaent
shape?The enzyme may no longer fit the substrate binding site

23. What can noitoding parts of DNA dd2witch genes on or off and affect how genage

expressed.

better hope - brighter future
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AGenetic Inheritance

A Inherited disorders
A Sex determination
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- Cell

-~ Nucleus

 m— Chromosome

Y

The characteristics
an organism has,

. DNA

€.9 fur colourin gl Sy
mice orred-green 2 O\ | Rocibone
colour blindnessn é/l?’\\i s o OO
humans, are due to  cyosine. " LD 1

. Guanine - ; / / D,q] A
the mix of alleles Aderine - < 7

Thymine - \

they possess.

Thegeneis a small section G
DNA on a chromosome.
Somecharacteristicdike hair
colour or eye colour are
controlled by asingle gene
Each gene may have
different forms callechlleles
Each alleleodesfor a
different protein.

)f

better hope - brighter future
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Each gene has different forms of alleles. The alleles which are

present are known as thgenotype These are often represented as

letters such a&E The genotype operates at a molecular level to
develop the actual characteristics seen or {ifeenotype.

Most genes have two possible allele variations which are known
dominant or recessive.
Dominantalleles are represented bycapital lettere.g. B
Recessivalleles are represented bylawer case letlere.g. b

There are3 possible combinations of alleles for each gene:
Two dominant alleles BB
Two recessive alleles bb

One dominant and one recessive allele Bb

(always place the dominant allele first and do not use bB)
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/" Homozygous Genotype
Homo means the same. This word describes the
Two of the same alleles. alleles which are

izl nelmezgeols present for a particular
e feature e.g. Bb.
bb means homozygous
recessive.
and explain
Y these terms.
Phenotype Heterozygous
This word describes Hetero means different.
what can be physically Two different alleles are
seen- blackfur, blonde present.
hair, blue eyes. Bbmeansheterozygous.

N/ < /

better hope - brighter future
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In a particular species of mouse, theminant alleleoperates at a
molecular level to produce proteins that make the fur black. The

recessive alleleodes for white fur.

KEY
Use B and b to represent the
dominant and recessive alleles.
B = allele for black fur
b = allele for white fur

Phenotype= black fur
Genotype="?
At leastone dominantallele (B) is present
because the mouse has black fur.
The mouse could becnotypeBBor Bb.

>

Phenotype= white fur
Genotype= bb

We know there areio dominant
alleles present because the furl|is
white.

A recessive allele I1s only expressed
If two copies are present and
therefore no dominant allele
present.

better hope - brighter future
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Genetic cross
A genetic crosgs a way ofnodellingthe potential outcomefrom mating two
parents where thgohenotypeand genotypeare usually known We use
characteristics which are controlled bysingle genas it is easy to see the effect
In the next generation and beyond.

A typical exam question might ask:
A female mouse which wasmozygous dominanfor black fur was mated with a
male mouse which wasomozygous recessivier white fur.

What are the possible outcomes for fur colour for their offspring

0
What do we know? w @,9

Parent phenotype: Black fur White fur
Parent genotype: BB bb
What gametes will be present? in each egg in each sperm

Q= Xu_

better hope - brighter future
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The Punnett Square
Reginald Punnett was a British geneticist who is most famo
creating the Punnett square diagram as a tool to predict t
probability of genotypes in future offspring.

Parent phenotype: Black fur White fur
Parent genotype: BB bb

Gametes b b

¢/

B

better hope - brighter future
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If an egg containing a dominant allele (B) is fertilised by a sperm w
a recessive allele (b) then the result is an offspring with genotype |

Gametes b b
Bb Bb
Bb Bb

The possible offspring all have tgenotype Bb
This is described dmeterozygous

Thephenotypeof all offspring from these parents will iack fur
because one dominant allele is always present.
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Thecharacteristicof being aall plantor ashort pea plant is controlled by @ngle gene
We will use the letter T to represent the gene for the purposes of a genetic diagram.
The allele which produces tall plantsiisminant so we usel.

The allele for short plants iscessiveso we use.

Explain what would occur :

a) If two homozygous dominant plants were crossed.

The genotype for a Punnett square
homozygous tall plantis TT 5amete T
T 1T
T 1T
b) If two heterozygous plants were crossed.
The genotype for a Punnett square
heterozygous plant is Tt Gamete T
T 1T
t Tt

T
TT
TT

t
Tt
tt

The genotype ofill the future
offspring will be TT and their
phenotype will beall. These
parent plants wilhever
produce short plants when
crossed.

Theratio of tall plants to
shortplants likely to be
produced is3:1.

In any four offspring, one
would expect 1 homozygous
dominant, 2 heterozygous an
1 homozygous recessive.

d
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Explain what would occur :

c) If a homozygous dominant plant and a homozygous recessive plant were crossed.

Thegenotypefor a
homozygous dominant
plantis TT.
Thegenotypefor a
homozygous recessive
plant is tt.

Punnett square

Gamete t t
T Tt Tt
T Tt Tt

b) If two homozygous recessive plants were crossed.

Thegenotypefor a
homozygous recessive
plant is tt.

Punnett square

Gamete t t

t tt tt

t tt tt
video

The genotype ofill the
future offspring will be Tt
and their phenotype will be
tall. All offspring will be
heterozygous. The
probability of getting a tall
plant is described as 1 or
100%.

All future offspring will be
homozygous recessive
Theirphenotypewill be
short. These parentswill
neverproduce tall plants.

better hope - brighter future
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Not all exam questions use the Punnett square layout to find out
possible genotypes. The basic principle is always the same.

A genetic diagram could also look like this:

Gametes >®

Genotypes of
potential offspring

better hope - brighter future
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Red green colour blindneda humans is

also controlled by a single gene. It is a
condition that a person is born with and

IS Inherited from your parents. The gene Is
carried on thexX chromosomend this means
more menthan women are affected.

The condition is caused by inheritingo recessive alleles.

» However,most characteristicare a result
of multiple genesinteracting, rather than a
single gene. These are callgolygenic
features (poly = many genic= gene).
_ We are able to describej@Enenotypebut
Human eye colour ian t write d Vo
example of whennultiple | Cannot write down a genotypdecause
genes affect the phenotype more than one gene is involved.

better hope - brighter future
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Somedisordersare inherited. They are caused by théeritance of
certainalleles
What do you notice about this cat?

The cat has an extra digit.
Polydactylyis an inherited
disorder caused by @minant
allele. This condition meansxira
fingers or toe<are present

As polydactyly is caused by a
dominant allele, it can be passed
on when only one parent has the
disorder.

A child born in India

currently holds the record for
the most digits with 7 digits

on each hand and 10 on each \\1 / .,
foot. VV ‘

better hope - brighter future



PiIXL

partners in excellence

Cystic fibrosigs an inherited disorder caused byeacessiveallele.
It affectscell membranesacross the body.

1 personin every25in the
UK is statistically likely to
be acarrierof cystic
fibrosis (CF).

Acarrierhasl recessive
allelewhich codes for CF
and1 dominant allelethat
codes for healthy cell
membrane proteins.

A carrier is healthyand is
unlikely to know they have
the recessive allele unless
they go throughscreening
or have a child born with
CF.

< <>

carrier father carrier

Hh Hh

<>

<>
mother

I S

[ R
-

Possible offspring

Hh Hh "hh

< <> < <> < >

better hope - brighter future

=4

H = healthy allele
h = CF allele

If two carriersbecome
parents thereis d in 4
chanceof their child
havingcystic fibrosis This

can also be described as

25% or 0.25.

There is 8 in 4 chance®f

having ahealthy child This

can be described a&% or
0.75.

There is d. in 2chance of
having ahealthy childwho
carriesthe recessive allele
This can also be describe

Inheritance part 2¢ Inherited disorders

d

as 50% or 0.5.
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It is thought that 1 in 2500 babies born in the UK each year will have cystic fibrosis.

Screening of the embry(or fetus) can be completed from 10 weeks of pregnancy.

There is aisk of miscarriage with this process.
A fine needle is passed through the abdomen into the uterus and a sr
piece of the developing placenta is removed. This is analysed to see |

alleles that cause polydactyly, cystic fibrosis or other genetic disorders |

present. This testing is usually only done when there is a family histor
the disorder.Screening is costlandnot 100% reliable

"
N A

/1

Al

N\
o

Embryos can be screened for parents undergoiufg(in vitro

fertilisation). The egg and sperm are mixed and fertilisation occurs
in a laboratory. Usually several embryos are produced. The embryos &
then screened. Any embryos which have faelty allelesarenot
implanted into the mothers uterus. Only healthy babies will be born.

Gene therapymay be suggested for some disorders. This meansicingthe faulty allele

with a normal allele. This can not be done to gametes so can only occur in an individual
already has inherited the disorder. Gene therapy is still being researched and is not alw:

successful. It is alsoxpensive Video

Gene therapy and embryo screenican be used taelleviate sufferingbut it is important to

consider the=thical issue®of these techniques.
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Afamily tree can help to show howenetic disorderare inherited in a family.
They can be used to work out tlieobability that a member of the family will
inherit a disorder.

Read the<ey carefully to help you interpret a family tree accurately.

The family tree below shows the inheritance of a
disorder caused by @minantallele. Key

O Female without disorder
Mothero_—. Father ‘ Female with disorder
Male without disorder
‘ i . Male with disorder
Amy Peter Sam

What is the genotype of the motherRomozygous recessive
What is the genotype of the father?-eterozygous

If the father washomozygous dominanthen all the offspringwould have the
disorder. Peter does not have the disorder andasnozygous recessive.

better hope - brighter future
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Genetic testing can give answete a question linked to science
such as:

AWhat is the risk of my child having cystic fibrosis?

Genetic testing cannot give answeta questions linked to
economic, social or ethical issues such as:

AShould | have a genetic test because it may cause a miscarriage

Alf the embryo has a disorder should | have an abortion?

Als it right that only healthy embryos are implanted in IVF?

AShould screening be available to everyone, not just thosecano
afford it or have the disorder in their family history?

AWhat if the test result is wrong? You will need to make
informed decisions about

: : : _ the economic, social and
Different people will have different views.| ethical issues concerning

embryo screening.
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An ordinaryhuman body cell
contains23 pairsof
chromosomes.

One chromosome of each pair
comes from the egg and one
from the sperm.

22 pairs of chromosomes
control characteristics.

The23 pair of chromosomes
are calledsex chromosomes
This pair carry the genes that
determine sex. The sex
chromosomes areot identical
to each other and so are called
XandY.

human karyotype

H

3

1
R
i il

88 66 88

88 88 85 &8 ﬂﬂﬂﬁ

21

In femalesthe sex
chromosomes are
the same- XX

22

XX XY

In malesthe sex
chromosomes
are differentXyY




PIXL Inheritance part 2¢ Sex determinatior

How is sex inherited?
The23d pair of chromosomes are responsible for determining the
sex of a human.
ThePunnett squards used to show the chances of an offspring
being male or female.
Awoman has thegenotype X>and amanhas thegenotype XY

CGemees | T

There is d in Zchance of the offspring being male or female.

This can also be described as a ratia:af 50:50o0r 50%o0r 0.5 of
being male or female.

better hope - brighter future
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A man and woman have
three childreng all boys.

The woman is pregnant wit
their fourth child.

It is al in 2chance forevery
child, because it depends on
whether a sperm containing
an X chromosome ora Y
»—_ chromosome fertilises the
egg and there are equal
numbers of these.

What is the chance of the
next child being a girl?

| think it is

more likely to | think there is

be a girl as | more chanceof

they already , the new baby
have 3 boys . e X being a boy

" | because theyave

3 bo\ys already

_ e

better hope - brighter future



I . X L
partners in excellence

Questionl|T!
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and evolution
Part 2

AGenetic Inheritance

A Inherited disorders
A Sex determination
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1. Complete the sentences below using one of the following words:
genotype phenotype homozygous gamete chromosome

The same alleles for a particular characteristic are described as ...............c..........
Mice fur can be described by its colour. This is known asthe ............c..ccoeeeennn,
The alleles for a particular characteristic determine itS .........c.ccoeeviiiiiiiieieeennnn.

The pollen of a rose plant can also be described asamale .........ccccccoeveiiennennnno,

2. What are the different forms of a gene called ?

3. Why is it easy to describe an organisms phenotype for a particular characteristic but v
difficult to state the genotype?

4. List the alternative ways of describing the following outcome of a genetic cross:
3 in every 4 crosses will have black fur.

5. If two heterozygous tall plants were crossed 75 times, what proportion of the offspring
would you expect to be short?

6. What is polydactyly and is it caused by inheriting a recessive or dominant allele?
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Look at the following picture of a persons chromosomes.
7. How many chromosomes does this person have in a normal body cell?

8. What sex is the person and how do you know?
i By
3
;'{l “w? e “ 8
Lt gf 2000 Sy e
il 01 g
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9. Black fur is dominant to brown fur in mice.
Use B to represent black fur and b to represent brown fur.

a) Complete the Punnett square diagram to show the outcome of a genetic cross betws
two heterozygous mice.

Gametes

b) What is the phenotype of the parent mice?
c) What are the chances of a homozygous recessive mouse being born to two heterozy
mice?

10. Is someone who is heterozygous for cystic fibrosis healthy?

better hope - brighter future
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11. The family tree shows the inheritance of cystic fibrosis (CF). Cystic fibrosmigditon
caused by a recessive allele. Let F = healthy allele and f = CF allele

@ Female with CF
A B C D
OTI] O——— | O Female without CF
Q) Female carrier
EQJ QF | ] Male without CF
i b b b ] Male carrier
G H | J [ ] Male with CF

a) What is the genotype of a female carrier?

b) Explain why person G inherited cydthrosis.

c) Explain why person J did not inherit cystic fibrosis.

d) What is the probability of a fifth child having cystic fibrosis?

e) Many people feel opposed to the screening of embryos to identify the CF allele.
Suggestwo reasons why they may feel this way.

better hope - brighter future
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Higher tier questions
12. The flower colour for pea plants is controlled by a single gene. Red flaneers
dominant to white flowers.

A homozygous dominant plant and a heterozygous plant are crossed to produce offspr
a) What is the phenotype of the homozygous dominant plant?

b) Draw a genetic diagram to show all the possible arrangements of alleles in the offsp

c) What is the chance of producing homozygous dominant red flowering plants?

better hope - brighter future
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1. Complete the sentences below using one of the following words:
genotype phenotype homozygous gamete chromosome
The same alleles for a particular characteristic are describéd@aszygous
Mice fur can be described by its colour. This is known agltle@otype
The alleles for a particular characteristic determineyisiotype
The pollen of a rose plant can also be described as aguaiete

2. What are the different forms of a gene called ?
Alleles
3. Why is it easy to describe an organisms phenotype for a particular characteristic but v
difficult to state the genotype?
Most characteristics are a result of multiple genes interacting .
4. List the alternative ways of describing the following outcome of a genetic cross:

3 in every 4 crosses will have black fur.
75% 0.75 3/4
5. If two heterozygous tall plants were crossed 75 times, what proportion of the offspring
would you expect to be short?
25% or 19
6. What is polydactyly and is it caused by inheriting a recessive or dominant allele?
A genetic disorder which results in having extra fingers or tegl®minant allele

better hope - brighter future
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Look at the following picture of a persons chromosomes.
7. How many chromosomes does this person have in a normal body cell?
23 pairs or 46
8. What sex is the person and how do you know?
A male
Because the sex chromosomes are different (XY)

i By

i
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9. Black fur is dominant to brown fur in mice.
Use B to represent black fur and b to represent brown fur.
a) Complete the Punnett square diagram to show the outcome of a geneticletvgsen
two heterozygous mice.

Gametes B b
B BB Bb
b Bb bb

b) What is the phenotype of the parent mice?
Black fur
c) What are the chances of a homozygous recessive mouse being born to two
heterozygousnice?
1in4 or 25% or 0.25

10. Is someone who is heterozygous for cystic fibrosis healthy?
Yesthey are a carrier but do not suffer from CF themselves

better hope - brighter future
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11. The family tree shows the inheritance of cystic fibrosis (CF). Cystic fibrosmigditon
caused by a recessive allele. Let F = healthy allele and f = CF allele

@ Female with CF
A B C D
OTI] O———— | O Female without CF
Q) Female carrier
EQJ OF | ] Male without CF
i b b b ] Male carrier
G H | J [ ] Male with CF

a) What is the genotype of a female carrigff
b) Explain why person G inherited cystic fibrosis
Inherited a recessive allele from both E and F.
As no dominant allele present, the CF alleles code for faulty cell membranes
c) Explain why person J did not inherit cystic fibrosis.
Inherited two dominant alleles from E and F
d) What is the probability of E and F having a fifth child with cystic fibrosis?
1in 4, 25%, 0.25, 1:3 &4

better hope - brighter future
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e) Manypeople feel opposed to the screening of embryos to identify the CF allele.
Suggestwo reasons why they may feel this way

Screening procedure may cause miscarriage or damage embryo/fetus

The embryo has a right to life
Screening is expensive and could be used for other purposes
Have to make moral/ethical or religious decisions as a result such as whether to

terminate.

better hope - brighter future
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Higher tier question

12. The flower colour for pea plants is controlled by a single gene. Red flowers are
dominantto white flowers

Ahomozygous dominant plant and a heterozygous plant are crossed to produce
offspring

LetR represent the dominant allele.

a) What is the phenotype of the homozygous dominant plant?
Red flowers

b) Draw a genetic diagram to show all the possible arrangements of alleles in the offsp

Gamete R r
R RR Rr
R RR Rr

c) What is the chance of producing homozygous dominant red flowering plants?
1in2 50:50 50% or Y2 or 1:1

better hope - brighter future
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Variation means that individuals in a population shoviferencesin
characteristics. Population is the number of one species in a habitat.
Thegenomeand itsinteraction with the environmentinfluence the
development of enhenotypein an organism.

Variation within
a population of a
species is usually
- extensive. |

Causes of
variation may be | i

< B = ¥ ) i \ \ | -~
) ‘Al 4557 \ ; o~
| g &7 ! < — ¢
N 4
( R /
]

C differencesin the C differencesinthe C or acombination
genesindividuals have environmental of both genetic and
Inherited due to conditions in which environmental
mutation, meiosis and individuals have causes.

sexual re= roduction. develo= ed.
better hope - brighter future
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Ildentical twins are produced from the same
egg and sperm. They show very little or no
genetic variation. One twin has a scar and
this is environmental variation.

Human phenotypes which are
caused byenetic variation
are:

Eye colour
Natural hair colour
Nose shape
Ear lobe shape
Blood group

Human phenotypes influenced
by theenvironmentare:
Hair length
Accents
Tattoos
Scars
Language spoken

Factorswhich areinfluencedby both

geneticand environmentalvariation are:
skincolour (can be tanngdg

weight(can be affected by food availability

beini athletic.
better hope - brighter future
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All genetic variationsarisefrom mutations.
A mutation is a change in tH2NA sequence @&norganism.Viutations are
occurringcontinuouslyduring cell divisionlost mutationsdo not alterthe
phenotype.Somewill influence the phenotype, but very few mutations
actually determine the phenotype.
If anew phenotypeissuitedto an environmental change, it camdto a
relativelyrapid changen the speues An example is seen below:

The peppered moth is

camouflaged against~. §

tree bark. Birds cannot
see it easily. The
peppered moth lives
long enough to breed
and pass on its genetic
information. This
phenotype is found
mainly in the
countryside now.

ope - brighter future

“peppered moth became eas

“moth to black. The black

During the industrial

revolution, tree bark and
buildings in cities and towns
became blackened. The

prey for the birds. A
mutation occurred which
changed the colour of the

phenotype is now found in
large numbers in cities.

y
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Evolutionis achangein the inherited characteristics of a populatioh
over time. This occurs through a process caliedural selection
which may result in a new species being formed.

Thetheory of evolutionby natural selection states that all living
things have evolved frommple life formsthat developed oveB

billion years ago.

Species is defined as a group of Thedifferencesin a population gives some
similar looking individuals which cah jndividuals amadvantage An individual may
breed and produce fertile offSpring.|  pe more resistant to a disease, or better
camouflaged, or stronger, faster or better
able to attract a mate. This individual is
more likely tosurvive for longerand be able
to breed topass ordesirable genes.
Nature is selecting the individual with the
phenotypesmost suited to survival. This is
callednatural selection.

better hope - brighter future
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Selective breedinds also called artificial selection. Selective breeding is
where humans breed plantandanimalsfor particularchosen genetic
characteristicawhich are eithewsefulor for appearance.

~
w Parents chosen from a mixed population of variants
w Parents are bred together

1

~

w Offspring chosen with the desired characteristics
w They are bred together

2 Y,

w Offspring chosen from next generation with desired
characteristics are bred together. This continues for many
generations until all offspring have the desired
characteristics.

video:

better hope - brighter future
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To produce
plants with
large or
unusual
flower shapes
or colours

Why do To produce
humans crops with

To produce

animals with _
more meat use better yields
or milk selective or disease

breeding? resistance

To produce
domestic dogs
with a gentle

nature

better hope - brighter future
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Selective breeding reduces variatiltny R Oty f SF R
The population will have the same strengths but also the same
weaknessednfectious diseaseare more likely tespreadthrough a
genetically similar population because of this vulnerability.

Some breeds arparticularly proneto diseaseor inherited defects

as a result ombreeding Often puppies which do not meet
The standards set forgedigree Puare : the standards are killed illegally.
A arge dark eyes Q. Many pugs will go on to develop
AEars must be small and thin “mee®™.  painful cripplingconditions:
AViuzzle must be short and square. o AChronic hip/ knee joint problems
Adead is large with no indentations. = fSevere breathing issues due to :
ANrinkles must be large and deep=’ < . deformed nose and short trachece
In order to maintain this standard AChro_mc eye problems due to
breeders oftenmate closely related dogs the wrinkles around the eye

with good characteristics together. folding in and scratching the

A pedigree pug can be a result®eb cornea. |
generations of inbreeding. ASkin irritation due to bacteria

infections in the deeg rinkles.
better hope - brighter future
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Genetic engineerings a process which involves

modifying the genomeof an organism byntroducing
agenefrom another organisinto give a desired N
characteristic. oy

Plant crops have been genetically engineered todszestanito diseases,
or be resistant to insect attack, resistant to herbicides or to produce
bigger better fruits. These are known @snetically modifiedor GV
crops. GM crops usually show amreased yield

Aherbicideis a chemical whichills plants(also called a weediller). If a
crop plant is resistant to herbicide, the farmer can spray herbicide to kill
all other plants in the field without affecting the crop.

Plants resistant to insect attack have beendified to producetheir

own pesticide.

All our food from plants and animals contains genes. A plant cell contair

about 30 000 genes. GM involves adding abeli0Dextragenes.Video:


http://www.bbc.co.uk/education/clips/zydvcdm
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In genetic engineering, genes frothe chromosomes diumansand
other organisms areut out of the DNAusingenzymes Thegenesare
then transferredto the cells of the organisnto be genetically

modified.

A bacteria calle@acillusghuringiensidives in
the soil. It produces a toxin that kills a varie
of common insect pests.

Thegenewhich produces the toxin in the
bacteria has beersolatedandtransferredto
the croplLJt | gehama

The cropplant now producesthe toxin and
Insects which eat it are poisoned. This meal§
there areless insect4o eat the crop and so &
bigger yieldis produced. The farmer does nc
have to spray the crop with pesticide either
it makeseconomicsense as well.

Plantnot
genetically
modified with
the toxin
producing
gene.

Plant whichs
genetically
modified with
the toxin
producing
gene.
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Insulin is a naturally occurring hormone produced in the pancreas.
diabetes, a fault in the pancreas means insulin is not made
effectively.

Diabetics can inject themselves with insulin. The insulin for injectic
used to be collected from BJA gHad@eas. Some diabetics had
severe allergic reactions to pig insulin because it was not the samt
human insulin.

Genetic engineerinds now used tawroduceW K dzY | v QA F N
genetically modified bacterialt is cheaper, safer and more ethically
acceptable than using specially bred pigs which had to be killed.

better hope - brighter future
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human cell plasmid
DNA containing the insulin gene‘rﬂ (@) Plasmid.is removed and cut
removed from the nucleus. Y 4 Oopen using enzymes.
Enzymes cut out the insulin gene. ¢ w T —

o into the plasmid.

Plasmid vectoris taken into a

| = oo OJ suitable bacterium.

Bacterium
reproduces
asexually.

Bacteria make human insulin.

better hope - brighter future
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Is a new technology that can be but there
are also to consider.

Some benefits of Genetic Modification Some concerns regarding Genetic modificatio

so more food can be We do not know the effectof growingGM
produced. This might solve the world food cropson nearbypopulationsof wild flowers
shortage in the future. andinsects
can be by GM crops whiclproduce their own pesticide

meaning mayKkill insectswhich are needed tgollinate
pigs do not have to be slaughtered and | | other plants.

costs are reduced: are
reduced. Some people feel that theffectsof eating GM
crops onhuman healthhave not been fully
IS exploring the explored.
possibility of to
some Should humans be inserting genes from one

organism into a totally different organism?

video


http://www.bbc.co.uk/education/clips/zqjbr82
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Offspring which have been produced déyexual reproductiorare genetically
identicalto the parent and each other. They are caliednes

Animal and plant cells are oftenonedbecause they possessaaracteristic
which isdesirable,such asesistance to disease

Tissue Culturés one method of cloning plants.s&nall piece of tissuds taken

from aplant and grown on agar which contains the right balance of nutrients an
plant hormones. It can be morepensivebut can produce hundreds of identical
plants. This method is often used|ioeserve rare plantor commerciallyin
nurseries.

Cuttings This method has been used for a long ti - /
by gardeners. It isimpleandcheapto do. A part of | ° %\
the plant is removed and placed in moist soil. If t b N Vi
conditions are suitable the plant piece will grow asii.

' e (0 -
e 9 ‘ "\‘u‘\"a ’;j ")
Y "\‘r‘ / 1

TP 2
& ’

new plant.
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Cloningin animalsis also gaining importance economically.

Normal reproductiorcan be slow and a cow with desirable characteristic:
will only produce 1 or 2 calves a year. A cow may produce 8 calves in he
life.

Cloning can speed up the process of developing a herd of cows with

desirable characteristics by usiagibryo transplants It isexpensiveand

some people feel it isnethicalto remove the embryo from its mothers

uterus and split it apart.

The process is:

C The cow becomesregnant

C The developingmbryo is removedearly in
pregnancybefore cellsbecomespecialised

C The cells areplit apartand grown in laboratory conditions for a time.

C The newembryosare thentransplantedinto lots of differenthost cows.

The initial cow mayow beresponsible for producing over 30 calves a yea
with desirable characteristics. Farmers caifl embryosacross the world.

better hope - brighter future
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Another method of cloning in animals is o
adult cell cloning .
Dollythe sheep was the first animal tc A

be successfully cloned. It took 277 4 8 N
A skin cell is

A4

Unfertilised
attempts before Dolly was taken from eqq cell is
born. Sheep A. taken from

Sheep B.

Nucleus i
removed.

Nucleus is
removed.

Nucleus from
sheep A is fuse
with empty egg

cell of sheep B. An electric shoc

A clone of Embryo is implanted into a stimulates the
“ sheepAis T adult female sheep C to @ ) egg cell to divide

born. € continue its development.
iR - - < O

better hope - brighter future
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1. What does variation mean?

2. Complete the table to indicate the likely cause of variation in phenotypes for the
following characteristics:

Genetic V
Environmental
Both

3. Write a definition for evolution.

4. What does the theory of evolution by natural selection state?

5. What is the definition of the term species?

6. Humans choose animals or plants to breed from based on usefulness or appearanc
Listfour characteristics which would be selected for e.g. a thick woolly coat in sheep
(two in plants andwo in animals.

7. What is a major disadvantage caused by selective breeding?

8. How often do mutations occur?

9. How likely is it that a mutation will lead to a new phenotype?
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10. What is genetic engineering?
11. What human product is made by genetically engineered bacteria to treat diabetes?
12. What are plants called which have had their genome modified?

Higher tier only

13. How are the required genes isolated from the host?

14. What is the biological definition of a vector ?

15. Name a common vector for inserting genes into the required cells.

16. When in the life cycle must genes be transferred to the cells of animals, plants or
microorganisms?

17. List three reasons which people are concerned about in relation to genetic engineer

Biology questions

18. What is tissue culture?

19. Why is tissue culture important?

20. Why is an electric shock used in adult cell cloning?

21. What is the term used to describe the technigue gardeners use to produce many
identical new plants from a parent plant?
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1. What does variation mean?
Variation means the differences in the characteristics of individuals in a population.

2. Complete the table to indicate the cause of variation in phenotypes for the following
characteristics:

Eye Gender | Blood | Ear lobe| Weight | Freckles
shape group shape

Genetic
Environmental
Both V V

3. Write a definition for evolution.
A change in the inherited characteristics of a population over time, through a proces
of natural selection.

4. What does the theory of evolution by natural selection state?
All species of living things have evolved from simple life forms that first developed
more than 3 billion years ago.

5. What is the definition of the term species?
A group of similar looking individuals who can breed together and produce fertile
offspring.

better hope - brighter future
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6. Humans choose animals or plants to breed from based on usefulness or appearance
Listfour characteristics which would be selectédio in plants andwo in animal3.
Disease resistance in crop plants
Animals which produce more meat or milk
Domestic dogs with a gentle nature
Large or unusual flowers
7. What is a major disadvantage caused by selective breeding?
can lead to inbreeding where some breeds are particularly prone to disease or
Inherited defects
8. How often do mutations occur?
Continuously
9. How likely is it that a mutation will lead to a new phenotype?y rare

10. What is genetic engineering?process which involves modifying the genome of an

organism by introducing a gene from another organism to give a desired
characteristic.

better hope - brighter future



PIXL nheritance part 317 Answel T

partners in excellence

11. What human product is made by genetically engineered bacteria to treat diabetes?
Insulin

12. What are plants more commonly called when they have had their genome modified
GM crops

Higher tier only

13. How are the required genes isolated from the hastPthg an enzyme

14. What is the role of a vector in genetic engineeribg2d to insert the gene into the
required cells

15. Name a common vector used in genetic engineetiagierial plasmid / virus

16. When in the life cycle must genes be transferred to the cells of animals, plants or
microorganisms®arly on in development so the new cells develop with the desired
characteristic

17. List three reasons which people are concerned about in relation to genetic engineer
Do not know the effect of using GM crops on populations of wild flowers and insects
may Kill insects which are needed to pollinate other plants.
Some people feel that the effects of eating GM crops on human health havébaeh
fully explored.
For ethical reasonsshould humans be inserting genes from one organism into a
totally different organism?

better hope - brighter future
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Biology questions

18. What is tissue culture?sing small groups of cells from a part of a plant to grow
identical new plants.

19. Why is tissue culture important? preserve rare plant species
Commercially in nurseries to grow lots of new identical plants

20. Why is an electric shock used in adult cell clonirg@timulate the egg cell to divide
and form an embryo

21. What is the term used to describe the technigue gardeners use to produce many
identical new plants from a parent plant2king a cutting

better hope - brighter future
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Part 4

ATheory of evolution (biology only)
ASpeciation (biology only)

A Understanding of genetics (biology only)
AEvidence for evolution

AFossils

AExtinction

MResistant bacteria
AClassification of living organisms
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In 1831,Charles Darwirhad the opportunity to join an
expedition around the worldon the H.M.S Beagle.
As a result of years efxperimentation, discussiorwith
other scientists and linked to the developikgowledge
of geology and fossildDarwin proposed théneory of
evolution by natural selection

His theory was based dhree observations

A Individual organisms within a particular species shcx
awide range of variatiorfor a characteristic. ;
A Individuals with characteristicsost suitedto the
environmentare more likely tcoreed successfully.
A Thecharacteristicthat have enabled these
Individuals tosurviveare passed orto the next
generation.

better hope - brighter future



