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Inheritance, Variation and Evolution part 4 AQA Triple Biology



When humans reproduce, chromosomes and genes are passed on to the next generation.

In each of the following questions, draw a ring around the correct answer to complete the
sentence.

 

      cellulose.

  (a) A gene is a small section of DNA.

      protein.

(1)

1.

 

      X  and  X.

  (b) The sex chromosomes in the human male are X  and  Y.

      Y  and  Y.

(1)
 

      23 chromosomes.

  (c)     (i) Most human body cells contain 46 chromosomes.

      92 chromosomes.

(1)

(ii)     The number of chromosomes in a human gamete (sex cell)
 

    the same number as  

  is half the number in body cells.

    twice the number  

(1)
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      fertilisation.

  (d) Gametes are produced by meiosis.

      mitosis.

(1)

(Total 5 marks)

Darwin suggested the theory of natural selection.

(a)     Explain how natural selection occurs.

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________

(3)

2.
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(b)     Latitude is a measure of distance from the Earth’s equator.

Scientists investigated the effect of latitude on:

•        the time taken for new species to evolve

•        the number of living species.

The table shows the scientists’ results.
 

Latitude in degrees
North of equator

Time taken for new
species to evolve in

millions of years

Relative number of
living species

0 (at the equator) 3–4 100

25 2 80

50 1 30

75 (in the Arctic) 0.5 20

As latitude increases environmental conditions become more severe.

(i)      Describe the patterns shown by the data.

______________________________________________________________

______________________________________________________________

______________________________________________________________

______________________________________________________________

______________________________________________________________

______________________________________________________________

(2)

(ii)     Suggest explanations for the patterns you have described in part (b)(i).

______________________________________________________________

______________________________________________________________

______________________________________________________________

______________________________________________________________

______________________________________________________________

______________________________________________________________

(2)

(Total 7 marks)
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The diagram shows some of the cell divisions that occur during human reproduction.

 

(a)     (i)      Name the type of cell division that produces cell D from cell B.

______________________________________________________________

(1)

3.

(ii)     Which organ in the male body produces cell C from cell A?

______________________________________________________________

(1)

(b)     (i)      Cells A and B each contain 46 chromosomes.

How many chromosomes would there be in the nucleus of cell C?       

(1)

(ii)    Why is it important that cell C has this number of chromosomes?

______________________________________________________________

______________________________________________________________

______________________________________________________________

______________________________________________________________

(2)

(Total 5 marks)
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CADASIL is an inherited disorder caused by a dominant allele.

CADASIL leads to weakening of blood vessels in the brain.

The diagram shows the inheritance of CADASIL in one family.

 

(a)     CADASIL is caused by a dominant allele.

(i)      What is a dominant allele?

______________________________________________________________

______________________________________________________________

(1)

4.

(ii)     What is the evidence in the diagram that CADASIL is caused by a dominant allele?

______________________________________________________________

______________________________________________________________

(1)

(iii)    Person 7 has CADASIL.

Is person 7 homozygous or heterozygous for the CADASIL allele?

Give evidence for your answer from the diagram.

______________________________________________________________

______________________________________________________________

(1)
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(b)     Persons 7 and 8 are planning to have another baby.
Use a genetic diagram to find the probability that the new baby will develop into a person
with CADASIL.

Use the following symbols to represent alleles.

D = allele for CADASIL
d = allele for not having CADASIL

 

 

 

 

 

Probability = ____________________________________

(4)

(c)     Scientists are trying to develop a treatment for CADASIL using stem cells.

Specially treated stem cells would be injected into the damaged part of the brain.

(i)      Why do the scientists use stem cells?

______________________________________________________________

______________________________________________________________

______________________________________________________________

______________________________________________________________

(2)

(ii)     Embryonic stem cells can be obtained by removing a few cells from a human embryo.
In 2006, scientists in Japan discovered how to change adult skin cells into stem cells.
Suggest one advantage of using stem cells from adult skin cells.

______________________________________________________________

______________________________________________________________

(1)

(Total 10 marks)

Page 7 of 35headstartscience.co.ukheadstartscience.co.uk



Diagram 1 shows a cell from the pancreas.

Diagram 2 shows part of the cell seen under an electron microscope.

 

Part A is where most of the reactions of aerobic respiration happen.

5.

(a)     (i)     Name part A.

____________________

(1)

(ii)     Complete the equation for aerobic respiration.

glucose + oxygen  ____________ + ____________ (+ energy)

(2)
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(iii)    Part A uses oxygen.

Explain how oxygen passes from the blood to part A.

______________________________________________________________

______________________________________________________________

______________________________________________________________

______________________________________________________________

______________________________________________________________

______________________________________________________________

______________________________________________________________

______________________________________________________________

(3)

(b)     The pancreas cell makes enzymes.

Enzymes are proteins.

Describe how the ribosomes and part A help the cell to make enzymes.

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________

(3)

(Total 9 marks)
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Darwin was the first scientist to state that humans and other primates had common ancestors.

Many people were against Darwin’s ideas at that time.

Give two reasons why they were against his ideas.

1. _____________________________________________________________________

_______________________________________________________________________

2. _____________________________________________________________________

_______________________________________________________________________

(Total 2 marks)

6.

Howea forsteriana and Howea belmoreana are two species of palm tree.

The two species grow together on a small island in the South Pacific.

(a)     What is meant by the term species ?

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________

(2)

7.
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(b)     The table gives some information about these two species of palm tree.
 

  Howea forsteriana Howea belmoreana

Optimum pH of the soil for
growth of the palm tree

pH 8 pH 6

Height above sea level of
most common habitat

30 to 60 metres above 120 metres

Month when most palm trees
flower

October December

Method of pollination Wind carries pollen Wind carries pollen

Scientists believe that these two species of palm tree began to evolve from a single
species over 2 million years ago.

Suggest how these two different species developed.

In your answer you should use information from the table and your own knowledge.

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________

(5)

(Total 7 marks)
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Humans reproduce sexually.

(a)     Draw a ring around the correct answer to complete each sentence.
 

    chromosomes  

(i) At fertilisation genes join together.

    gametes  

(1)

8.

    chromosomes.

(ii) At fertilisation a single cell forms. The cell has new pairs of nuclei.

    gametes.

(1)

(b)     A child inherits cystic fibrosis. The child’s parents do not have cystic fibrosis.

(i)      What does this information tell us about the cystic fibrosis allele?

Tick ( ) one box.
 

The allele is dominant.
  

The allele is recessive.
  

The allele is strong.
  

(1)

(ii)     How many copies of the cystic fibrosis allele does the child have?

Draw a ring around your answer.
 

one two four

(1)
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(c)     The diagram shows a human body cell.

 

Which part of the cell, A, B, C or D:

(i)      contains the allele for cystic fibrosis      

(1)

(ii)     is affected by cystic fibrosis?                 

(1)

(Total 6 marks)
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The diagram shows one method of producing herbicide-resistant crop plants.

 

(a)     The herbicide-resistance gene is cut out of a chromosome of a herbicide-resistant plant.

How is the herbicide-resistance gene cut out of the chromosome?

___________________________________________________________________

___________________________________________________________________

(1)

9.
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(b)     Apart from having the herbicide-resistance gene, the herbicide-resistant plants are identical
to the herbicide-susceptible plants.

Explain why.

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________

(2)

(c)     Suggest one advantage to a farmer of growing herbicide-resistant crops.

___________________________________________________________________

___________________________________________________________________

(1)

(d)     Many people are opposed to the growing of herbicide-resistant crops produced in this way.

Suggest one reason why.

___________________________________________________________________

___________________________________________________________________

(1)

(Total 5 marks)
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The drawings show two different species of butterfly.

 

                       Amauris                                                     Hypolimnas

•        Both species can be eaten by most birds.

•         Amauris has an unpleasant taste which birds do not like, so birds have learned
not to prey on it.

•         Hypolimnas does not have an unpleasant taste but most birds do not prey on it.

(a)     Suggest why most birds do not prey on Hypolimnas.

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________

(2)

10.

(b)     Suggest an explanation, in terms of natural selection, for the markings on the wings of
Hypolimnas.

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________

(3)

(Total 5 marks)
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Eye colour is controlled by genes.

The dominant allele of the gene (b) produces brown eyes. The recessive allele (b) produces blue
eyes.

A homozygous blue-eyed woman married a homozygous brown-eyed man.

All of their three children had brown eyes.

11.

(a)     (i)      Complete the genetic diagram.

 

(2)

(ii)     Give the reason why all of the children had brown eyes.

______________________________________________________________

______________________________________________________________

(1)
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(b)     The couple’s brown-eyed son and his brown-eyed partner had five children. Two of the
children had blue eyes and three of the children had brown eyes.

Use a genetic diagram to show how two of their children came to have blue eyes.

 

 

 

 

 

 

 

 

 

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________

(3)

(Total 6 marks)

Infections by antibiotic resistant bacteria cause many deaths.

The bar chart below shows information about the number of deaths per year in England from
Methicillin-resistant Staphylococcus aureus (MRSA) and from Clostridium difficile (C.difficile)
over 4 years.

                       Year

12.
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(a)     (i)      Describe the trend for deaths caused by C. difficile.

______________________________________________________________

______________________________________________________________

______________________________________________________________

______________________________________________________________

(2)

(ii)     Suggest a reason for the trend you have described in part (a)(i).

Explain your answer.

______________________________________________________________

______________________________________________________________

______________________________________________________________

______________________________________________________________

(2)

(iii)    Calculate the percentage change in deaths caused by MRSA from 2009 to 2010.

______________________________________________________________

______________________________________________________________

______________________________________________________________

Percentage change in deaths caused by MRSA = _______________ %

(2)

(iv)     Numbers have not yet been published for 2011.

When the numbers are published, scientists do not expect to see such a large
percentage change from 2010 to 2011 as the one you have calculated for 2009 to
2010.

Suggest one reason why.

______________________________________________________________

______________________________________________________________

(1)
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(b)     Before 2007 there was a rapid increase in the number of deaths caused by MRSA.

Describe how the overuse of the antibiotic methicillin led to this increase.

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________

(3)

(Total 10 marks)

(a)     Mr and Mrs Smith both have a history of cystic fibrosis in their families.
Neither of them has cystic fibrosis.
Mr and Mrs Smith are concerned that they may have a child with cystic fibrosis.

Use a genetic diagram to show how they could have a child with cystic fibrosis.

Use the symbol A for the dominant allele and the symbol a for the recessive allele.

 

 

 

 

 

 

 

 

 

(3)

13.
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(b)     Mr and Mrs Smith decided to visit a genetic counsellor who discussed embryo screening.

Read the information which they received from the genetic counsellor.
 

•     Five eggs will be removed from Mrs Smith's ovary while she is under an anaesthetic.

•     The eggs will be fertilised in a dish using Mr Smith’s sperm cells.

•     The embryos will be grown in the dish until each embryo has about thirty cells.

•     One cell will be removed from each embryo and tested for cystic fibrosis.

•     A suitable embryo will be placed into Mrs Smith’s uterus and she may become
pregnant.

•     Any unsuitable embryos will be destroyed.

(i)      Suggest why it is helpful to take five eggs from the ovary and not just one egg.

______________________________________________________________

______________________________________________________________

(1)

(ii)     Evaluate the use of embryo screening in this case.

Remember to give a conclusion to your evaluation.

______________________________________________________________

______________________________________________________________

______________________________________________________________

______________________________________________________________

______________________________________________________________

______________________________________________________________

______________________________________________________________

______________________________________________________________

______________________________________________________________

______________________________________________________________

(4)
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(c)     In someone who has cystic fibrosis the person’s mucus becomes thick.

The diagram shows how, in a healthy person, cells at the lung surface move chloride ions
into the mucus surrounding the air passages.

 

The movement of chloride ions causes water to pass out of the cells into the mucus.

Explain why.

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________

(3)

(Total 11 marks)
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(a)     (i)      Mitosis and meiosis are types of cell division.

For each feature in the table, tick ( ) one box to show if the feature occurs:

•         only in mitosis

•         only in meiosis.
 

Feature
Only in
mitosis

( )

Only in
mitosis

( )

Produces new cells during growth and repair    

Produces gametes (sex cells)    

Produces genetically identical cells    

(2)

14.

(ii)     Name the organ that produces gametes (sex cells) in:

a man ______________________

a woman ____________________

(2)

(b)     X and Y chromosomes are the sex chromosomes. They determine a person’s sex.

What sex chromosomes will be found in the body cells of:

(i)      a man ______________________

(1)

(ii)     a woman? ____________________

(1)

(c)     A man and a woman decide to have a child.

What is the chance that the child will be a boy? ________________________

(1)

(Total 7 marks)
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Mark schemes

(a)    DNA
11.

(b)     X and Y
1

(c)     (i)      46 chromosomes
1

(ii)     half the number
1

(d)     meiosis
1

[5]

(a)    variation (between organisms within species)

allow described example

allow mutation – but not if caused by change in conditions
1

2.

those most suited / fittest survive
1

genes / alleles passed on (to offspring / next generation)

allow mutation passed on
1

(b)    (i)      any two from:

allow converse

•        increase in latitude reduces number of (living) species

ignore references to severity of conditions

•        increase in latitude reduces time for evolution (of new species)

•        the less the time to evolve the fewer the number of (living) species
2
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(ii)     any two from:

do not accept intention or need to evolve

•        (increase in latitude reduces number of (living) species because) less
food / habitats / more competition at high latitude

allow only extremophiles / well-adapted species can survive

•        (increase in latitude reduces time for evolution (of new species) because)
severe conditions act more quickly / to a greater extent on the weakest

•        (the less the time to evolve the fewer the number of (living) species
because) species that evolve slowly don’t survive

2

[7]

(a)     (i)      meiosis

allow mieosis
1

3.

(ii)     testis / testes

allow testicle
1

(b)     (i)      23
1

(ii)     fuses / joins with cell D / with egg cell or used in fertilisation

allow fuse with another cell
1

prevents doubling of chromosome number / restores original no. / 46 / diploid
no. / normal no. / full no.

accept 23 from each parent / from each gamete
1

[5]

(a)     (i)      allele expressed even when other allele present or expressed if just one copy of
allele is present or expressed if heterozygous

if present other allele not expressed
1

4.

(ii)     2 affected parents have unaffected child or 1 and 2 → 5 / 6

or if recessive all of 1 and 2’s children would have CADASIL
1

(iii)    heterozygous – has unaffected children or because if homozygous all children
would have CADASIL

1

(b)     genetic diagram including:

accept alternative symbols, if defined
1
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correct gametes:

D and d
and d (and d)

ignore 7 / 8 or male / female
1

derivation of offspring genotypes:

Dd Dd dd dd

allow just Dd dd if ½-diagram
allow ecf if correct for student’s gametes

1

identification of Dd as CADASIL
or dd as unaffected

allow ecf if correct for student’s gametes
1

correct probability: 0.5 / ½ / 1 in 2 / 50% / 1 : 1
1

(c)     (i)      stem cells can differentiate or are undifferentiated / unspecialised
1

can form blood vessel cells / brain cells

or

stem cells can divide
1

(ii)     ethical argument - eg no risk of damage to embryo or adult can give consent for
removal of cells or adult can re-grow skin

more ethical qualified

ignore religion unqualified

or
if from a relative then less chance of rejection or if from self then no chance of
rejection
or
skin cells more accessible

1

[10]

(a)     (i)      mitochondrion / mitochondria

must be phonetically correct
1

5.
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(ii)     carbon dioxide / CO2
1

water / H2O
1

in either order

accept CO2 but not CO2

accept H2O or HOH but not H2O

(iii)    diffusion
1

high to low concentration

allow down a concentration gradient
1

through (cell) membrane or through cytoplasm

do not accept cell wall
1

(b)     ribosomes make proteins / enzymes
1

using amino acids
1

part A / mitochondria provide the energy for the process

allow ATP

do not accept produce or make energy
1

[9]

any two from:

•        religious objections

•        insufficient evidence

allow ‘could not prove’

ignore ‘ no evidence’

•        mechanism of heredity not known

[2]

6.

(a)    organisms that can breed together

accept converse points re. 2 different species
1

7.

successfully

accept produces fertile offspring
1
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(b)     any two from:
(live at)

•         different pH of soil

•         different height above sea level

•         different flowering times
2

AND

genetic variation / mutation / different alleles (produced in isolated populations)
1

natural selection acts differently on the two populations

or different characteristics in the two populations survive

or different alleles passed on in the two groups
1

eventually resulting in interbreeding no longer possible
1

[7]

(a)     (i)      gametes

apply list principle
1

8.

(ii)     chromosomes

apply list principle
1

(b)     (i)      The allele is recessive

no mark if more than one box is ticked
1

(ii)     two

apply list principle
1

(c)     (i)      A

apply list principle
1

(ii)     B

apply list principle
1

[6]

(a)    (use of) enzymes
19.
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(b)     asexual reproduction / no gametes / no fusion / only one parent

ignore clones
1

cells all contain same genetic information / same genes (as parent) / same DNA
1

(c)     can spray crop with herbicide – only weeds killed

crop survives herbicide insufficient
1

(d)     any one from:

allow ‘think that GM food is bad for health’

•        fears / lack of knowledge about effects of GM food on health

ignore not natural or against religion

•        crop plants may pass on gene to wild plants

•        encourages use of herbicides
1

[5]

(a)    wing pattern similar to Amauris

allow looks similar to Amauris
1

10.

birds assume it will have an unpleasant taste
1

(b)     mutation / variation produced wing pattern similar to Amauris

do not accept breeds with Amauris

do not accept idea of intentional adaptation
1

these butterflies not eaten (by birds)
1

these butterflies breed or their genes are passed to the next generation
1

[5]
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(a)     (i)      correct parental genotypes (man BB and woman bb)
1

all offspring Bb

 

ignore ‘brown’ or ‘brown eyes’ on diagram
1

11.

(ii)     they have one B / dominant allele / heterozygous

or

B / brown allele / dominant allele is expressed even if only on one chromosome
1

(b)     correct parental genotypes (both Bb)

can be shown in a diagram

can be shown as gametes
1

correct derivation of offspring genotypes from gametes

allow correct derivation from wrong gametes
1

bb identified as blue-eyed
1

[6]

(a)     (i)      decrease
1

rate of decrease slows
1

12.

(ii)     any one from:
•         more use of disinfectant

allow any reasonable increase in hygiene or sterilisation
precautions

•         more use of hand washing
•         more careful / more often cleaning of patient facilities
•        raised awareness / education about hygiene

1

Explanation:
stops / reduces the bacteria being transferred / spreading

1
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(iii)    800 – 500 / 800 × 100 =
1

37.5 (%)

correct answer with or without working gains 2 marks
1

(iv)    any one from:

•        numbers quite low now so hard to reduce further
•        was a big campaign / much publicity (in 2009) so more people already doing it
•        hygiene / cleaning now good so hard to improve
•        hospitals short of money so less staff to clean

1

(b)     mutation occurred giving resistance (to methicillin)

do not accept overuse caused mutation
1

resistant bacteria not able to be treated / not killed
1

these bacteria multiplied / reproduced / spread quickly
1

[10]

(a)    both parents Aa

accept other upper and lower case letter without key or symbols
with a key

allow as gametes shown in Punnett square
1

13.

aa in offspring correctly derived from parents
or
aa correctly derived from the parents given

ignore other offspring / gametes

for this mark parents do not have to be correct
1

offspring aa identified as having cystic fibrosis

may be the only offspring shown or circled / highlighted / described
1
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(b)    (i)      any one from:

accept converse if clear, eg if you (only) took one it might have
cystic fibrosis / might not be fertilised

•        (more) sure / greater chance of healthy / non-cystic fibrosis egg / embryo
/ child

accept some may have the allele

reference to ‘suitable / good embryo’ is insufficient

•        greater chance of fertilisation
1

(ii)     advantages

to gain 3 marks both advantage(s) and disadvantage(s) must
be given

max 3
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any two from:

ignore references to abortion unless qualified by later screening

•        greater / certain chance of having child / embryo without cystic fibrosis /
healthy

•        child with cystic fibrosis difficult / expensive to bring up

•        cystic fibrosis (gene / allele) not passed on to future generations

disadvantages

any two from:

•        operation dangers / named eg infection

ignore risk unqualified

•        ethical or religious issues linked with killing embryos

accept wrong / cruel to embryos accept right to life argument

ignore embryos are destroyed

•        (high) cost of procedure

•        possible damage to embryo (during testing for cystic fibrosis / operation)

plus

conclusion

a statement that implies a qualified value judgement
eg it is right because the child will (probably) not have cystic fibrosis even
though it is expensive
or
eg it is wrong because embryos are killed despite a greater chance of having a
healthy baby

note: the conclusion mark cannot be given unless a reasonable
attempt to give both an advantage and a disadvantage is made

do not award the mark if the conclusion only states that advantages
outweigh the disadvantages

1
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(c)     any three from:

•        osmosis / diffusion

do not accept movement of ions / solution by osmosis / diffusion

•        more concentrated solution outside cell / in mucus

assume concentration is concentration of solute unless answer
indicates otherwise or accept correct description of ‘water
concentration’

•        water moves from dilute to more concentrated solution

allow correct references to movement of water in relation to
concentration gradient

•        partially permeable membrane (of cell)

allow semi / selectively permeable
3

[11]

(a)     (i)

Feature Mitosis
only

Meiosis
only

Produces new cells during growth and repair  

Produces gametes (sex cells)  

Produces genetically identical cells  

All 3 correct = 2 marks

2 correct = 1 mark

0 or 1 correct = 0 marks
2

14.

(ii)     (a man) testis / testes

accept testicle(s)
1

(a woman) ovary / ovaries

do not accept ‘ova’ / ovule
1

(b)    (i)      XY / YX
or
X and Y

1

Page 34 of 35headstartscience.co.ukheadstartscience.co.uk



(ii)     XX
or
X and X or 2 X’s

accept X
1

(c)     ½ / 0.5 / 50% / 1:1 / 1 in 2

do not accept 1:2 / 50/50

allow 50:50

allow 2 in 4
1

[7]
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