
Chromosomes, DNA, genes, alleles
Genetics is the study of inheritance – the way in which genetic information is passed from one generation 
to another.

Genetic information (genetic code), contained in the molecule DNA (deoxyribonucleic acid / deoxyribose 
nucleic acid), is found in chromosomes. Chromosomes occur in cell nucleus and are paired (homologous 
pairs). Humans have 46 chromosomes or 23 pairs – one of each pair provided from the male parent and 
one from the female parent. Twenty-two pairs are homologous, providing information for general body 
characteristics; remaining (23rd) pair are the sex chromosomes, X and Y. Females are XX; males XY.

Human karyotype showing 22 
homologous chromosomes plus X and Y 
sex chromosomes

A female ovum (egg) has only an X chromosome; a sperm may be either X or Y. Whether a child is male or 
female is determined at the moment of fertilisation by the sperm (and therefore the father).

X X

ova from the female

sperm cells
from the male

X Y

X X

X Y

XX and XY – possible 
sex chromosomes
in the zygoteY

X

X X

Punnett square showing possible combinations of sex chromosomes in zygote;  
there is an equal chance of a female (XX) or male (XY) being formed – 50% female, 50% male.
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The DNA molecule is twisted into a double helix. The sides of the helix are made up of alternating sugar 
(deoxyribose) and phosphate groups. The sides are connected by pairs of (nitrogen) bases which bond to 
the sugar groups. Four different bases occur in DNA: adenine (A), thymine (T), cytosine (C), guanine (G). 
Adenine pairs with thymine, cytosine pairs with guanine (the base pairing rule: A–T, C–G). The sequence 
(order) of bases in the DNA forms the genetic code.

phosphate group

sugar group

A simple 
representation of DNA

Part of a DNA helix untwisted − base pairs joined by 
bonds; ‘sides’ are sugar and phosphate groups

bases

A T
C G

C G

T A

T A
T A

G C
A T

C G
T A

A T
T A

A T
G C

A T

sugar phosphate
backbone

A T

C G

C G

T A

A T

A sequence of three bases (a triplet) codes for an amino acid; amino acids make up proteins which are the 
‘building blocks’ of all living things. A gene is the sequence of bases on a DNA molecule that codes for 
a particular protein, which in turn determines a particular characteristic (e.g. eye colour) in an individual. 
Human genes have on average 3 000 bases, but the number varies widely. Alternative forms of a gene 
are called alleles. Alleles have slightly different sequence of bases, so they code for the different traits of a 
characteristic (e.g. brown eyes or blue eyes). Because chromosomes occur in (homologous) pairs, every 
gene has a pair of alleles. The gene for any particular characteristic is found at the same position (the locus) 
on the same pair of chromosomes for every individual in that species.

C

B

T

c

b

t

gene locus: eye colour

gene locus: hair type

gene locus: tongue rolling

Paternal chromosome 
(from father)

Maternal chromosome 
(from mother)

homologous chromosomes

Location of three genes with their alleles on a homologous pair

This is not a real 
example – i.e. 
eye colour, hair 
type and tongue 
rolling genes are 
not on the same 
chromosome.
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DNA replicates prior to cell  

gene A gene A

gene C

The diagram shows (parts of) three genes A, B and C.
Only one strand of DNA is shown (untwisted) for each 
allele. The alleles for gene B have a slightly different base 
sequence – these differences are highlighted – therefore 
the alleles are different and will code for different traits in 
the individual.
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gene B
allele 2

gene B
allele 1

gene C

This section 
would have 
many bases

division (mitosis and meiosis). 
Errors in replication may cause 
changes in the base sequence – a 
mutation. Mutations that occur 
in the formation of gametes (sex 
cells – sperm and ova) during 
meiosis may be inherited; 
mutations that occur during 
mitosis in body cells (e.g. skin) are 
not inherited. Mutations produce 
new alleles for a characteristic 
(e.g. the alleles for blue and green 
eyes in humans are believed to be 
caused by mutations in the allele 
for brown eyes). Mutations 
increase genetic variation in a 
population, because genetic 
variation in a population is 
determined by the number of 
different alleles in the population.

The information on a pair of 
alleles is the genotype. The 
outward appearance / visible 
expression of the genotype is the 
phenotype.

A dominant allele is always 
expressed in the phenotype when it 
occurs in the genotype; it masks 
the presence of a recessive allele. 
A recessive allele is expressed 
in the phenotype only when 
accompanied by another recessive 
allele. Upper-case letters represent 
dominant alleles; lower-case 
letters represent recessive alleles.

For example, in rabbits, brown-
haired allele (B) is dominant 
to white-haired allele (b). 
Genotypes BB and Bb both produce brown hair; genotype bb produces white hair. When both alleles are 
the same (e.g. BB or bb), genotype is homozygous. 
Homozygous individuals are pure breeding as they 
pass on only one type of allele to their offspring (e.g. 
B from BB genotype or b from bb genotype). When 
both alleles in a pair are different (e.g. Bb), genotype is 
heterozygous. Heterozygous individuals are not pure 
breeders because they can pass on either type of allele 
(e.g. B or b from Bb genotype). brown rabbit 

BB or Bb
white rabbit 

bb
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Questions: Chromosomes, DNA, genes, alleles

Question One: Inheritance of fur colour in leopards 

base pair

helix of 
sugar 

phosphates

DNA 
deoxyribonucleic acid

Some leopards or jaguars have a mutation causing them to have a black coat. These are known as ‘black 
panthers’.

a. How can this mutation cause the coat colour to be different?

 In your answer you should use the terms DNA, gene, allele, phenotype, and mutation to explain how 
this colour change occurs. The DNA diagram above may help you.

 Year 2017  
Ans. p. 119
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b. Leopards in the wild commonly have scars, especially around their faces (see highlighted scar on nose in 
photograph).

 Explain why the leopard cubs can be born with black coats but not with scars.
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Question Two: Inheritance of fur colour in rock pocket mice 
Rock pocket mice can have dark fur or light fur, as shown below.

a. Using the example of rock pocket mouse fur colour, explain how information carried on the DNA 
controls the appearance. 

 In your answer you should refer to DNA base sequence, genes and alleles.

 

 Year 2016  
Ans. p.119
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b. In rock pocket mice, dark fur colour (D) is dominant to light fur colour (d).

 Each mouse has two alleles for fur colour.

 Explain how they inherit these two alleles, and explain how the two alleles interact to produce different 
phenotypes.

 In your answer you should:

 • define phenotype and genotype

 • explain how the alleles are inherited from the parents

 • state the three possible fur colour genotypes for rock pocket mice.
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Question Three: DNA, alleles, genes and chromosomes
A snail known as Cepaea nemoralis can have either a plain shell or a banded shell.

Plain shell Banded shell

The diagrams below show the homologous chromosomes that contain the gene for shell pattern for each 
of the snails in the photographs above.

Assume the allele for plain shell (N) is dominant over the allele for banded shell (n).

Plain-shell snail Banded-shell snail

Allele for plain shell (N)

Allele for banded shell (n)
Allele for banded shell (n)

Allele for banded shell (n)

Homologous pair Homologous pair

{ {

{{

a. In the diagram above, which snail is heterozygous for shell pattern?

 Explain why you chose this snail.

 

 Year 2015  
Ans. p. 120
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b. Referring to the examples shown previously for shell pattern, explain the difference between an allele 
and a gene.

c. These two snails were produced by sexual reproduction from the same male and female. Discuss how 
they have inherited different alleles for shell pattern. In your answer you should:

 • explain where the homologous chromosomes have come from

 •  give the possible genotypes of both parents and explain how you determined these possible 
genotypes
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Question Four: The role of DNA in inheritance

a. Use the diagram alongside to 
help you explain the relationship 
between chromosomes, genes, 
alleles, phenotype, genotype, and 
the molecule DNA.

 A labelled diagram may assist you.

allele for brown eyes

allele for blue eyes

homologous 
pair of 
chromosomes

position for eye-colour gene 

 

 Year 2012  
Ans. p. 120
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Answers and explanations
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Achievement Standard 90940  
(Science 1.1): Demonstrate understanding 
of aspects of mechanics

In all answers involving calculations:

• give the relevant formula, e.g. F = ma

•  if required, rearrange the formula to find the correct 
quantity, 

 e.g. m = F
a

• substitute the correct values, e.g. m = 10
2

 

  (remember to convert any non-standard values to 
standard values first – e.g. kilometres to metres, grams to 
kilograms – as required in the formula)

• do the calculation and give the correct unit, e.g. 5 kg.

1.1 Straight-line motion and force

Question One: Horse and rider
a. Section A: horse and rider are accelerating

 Section B: horse and rider are at a constant speed

 Section C:  the horse and rider are decelerating to a stop (at 
70 s)

 Section D: the horse and rider are stopped

b. v = 
∆d
∆t  = 500 – 100

60 – 30
 = 400

30  = 13.3 m s−1

c.  P = F
A ; therefore F = P × A = 200 155 × 4 × 0.0044 =

 200 155 × 0.0176 = 3522.7 N

d.  The rider increases the mass hence the weight of the horse 
when the horse is mounted. This increases the overall weight-
force due to gravity. The area (A) – the horse’s hooves 
– remains the same. As P = F

A , as the force (F ) increases the 
pressure (P) per unit area will also increase. This results in the 
horse with rider sinking further into the (soft) sand.

(A – all answers correct in a., correct calculation of speed in b. but may have omitted the units or 

units incorrecct, give formula P = F
A  in c. and attempts the calculation but has errors, describes 

rider as increasing the overall weight of the horse linked to increased sinking into the sand in d.;

M – as for A and calculation in b. completely correct, correct calculation of F in c. including correct 
units, explains sinking into the sand in relation to either the pressure of the forces acting in d.;

E – as for M with all calculations completely correct throughout and in-depth correct explanations 
in both c. and d.)

Question Two: Forces
a. i.  Mass is the amount of matter in an object, while weight 

is the result of (the downward force of) gravity acting on 
the mass. Mass is measured in kg (or g), while weight is 
measured in N.

 ii.  630 g = 0.63 kg, F = mg, therefore:  
weight = 0.63 × 10 = 6.3 N

p. 4

p. 6

b. Forces are balanced when they are equal and opposite. 
However, when one of the forces is greater than the other, the 
forces are unbalanced and there is a net force (overall force) 
in the direction of the greater force. When the two forces 
are balanced / when there is no net force, then the object is 
moving at a constant speed (including zero speed / stopped). 
When a net force is acting on an object, its speed is increasing 
(the object is accelerating) when the net force is in the same 
direction as the movement or the speed is decreasing (the 
object is decelerating) when the net force is against the 
direction of movement. In the left-hand diagram, the forces 
are equal and opposite, so they are balanced and the kererü 
flies at a constant speed. In the right-hand diagram, there is 
a net force against the direction of movement, therefore the 
kereru is decelerating or slowing down.

c. i. a = v
t

   Bird B is flying at 9 m s–1 after 3 s, while Bird A is flying 
at 7.5 m s–1 after 3 s. Therefore, Bird B has the greater 
acceleration as t (time) is the same for both birds.

 ii. d (distance travelled) = area under a speed/time graph.

The area under the graph line can be divided into two 
triangles with a rectangle in between:

• area of a triangle = ½ × base × height

• area of a rectangle = base × height

total area = LHS triangle + rectangle + RHS triangle

   For Bird A, d = ½(10 × 4) + (10 × 10) + ½(10 × 2) 

    = 20 + 100 + 10 = 130 m

   Bird A travels 130 m, while Bird B travels 121.5 m, 
therefore Bird A travels:

  130 – 121.5 = 8.5 m further than Bird B.
(A – describes/defines both mass and weight and correctly calculates weight of kererü in a., 
describes/defines net force and links to bird’s movement in b., identifies which bird has greater 
acceleration in c. i.; M – as for A and explains difference between mass and weight in a., explains 
link between net force and movement in b., explains which bird has greater acceleration in 
c. i., identifies area under graph equates to distance and attempts calculation but errors present 
in c. ii.; E – as for M and explains fully the relationship between net force, movement, direction of 
movement in b., correctly calculates distance travelled by Bird A and difference between it and 
Bird B in c. ii.)

Question Three: Cycling
a. Weight = m × g = 99 kg × 10 N kg–1 = 990 N

b. i. Section A: The cyclist is accelerating.

  Section B: The cyclist is at a constant speed.

  Section C: The cyclist is decelerating to a stop (at 14 s).

  Section D: The cyclist is stopped.

ii. v = d
t

 = 15 5  m
10 5  s

 = 10 m
5 s

 = 2 m s–1

c. Weight force of bike = m × g = 20 kg × 10 = 200 N

 W = Fd = 200 N × 1.5 m = 300 J

 P = W
t

 = 300  J
3 s

 = 100 watts

p. 8
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d. As the height remains the same at 1.5 m, the amount of work 
(hence energy transformed into Joules) remains the same 
when the bike is pushed up the ramp compared with lifting 
the bike up. W = F × d, and as d has increased (ramp is longer 
than vertical height), then the force needed to push the bike 
up the ramp is less than that required to lift it up. P = W

t
; 

work remains the same, but the time taken to push the 
bike up increases. With W the same and t larger, the power 
(needed) decreases.

(A – correctly calculates weight in a., correctly describes motion for each section in b. and speed 
calculation (may contain minor error), calculates weight and work in c.; M – correctly calculates 
power in c., explains less power expended in d.; E – all parts of question correct with full 
explanations in d. supported by appropriate equations/calculations)

Question Four: Go-cart racing 
a. a = v

t
 = 15 – 0

3
 = 5.0 m s−2

b. i. 

In Section B, Zane is travelling at a constant speed (of 15 m 
s–1).

support

gravity

air friction thrust

ii. The go-cart is moving at a constant speed of 15 m s–1 
therefore the forces acting on the go-cart are equal and 
opposite (i.e. balanced) so there is no net force. The thrust 
force from the engine (which creates forward motion) is 
balanced by the force of air friction (air resistance) which 
opposes the forward motion. As the go-cart is moving 
along a level surface, the downward force of gravity on 
the cart is balanced by the upward support force from 
the ground on to the cart’s wheels.

c. Distance travelled = area under the speed/time graph = the 
area under sections A and B and C added together for each 
go-cart.

 Zane = Section A + Section B + Section C

  = 
1

2
(15 × 3) + (15 × 6) + 

1

2
(3 × 5) + (15 × 5)

  = 22.5  + 90 + 7.5 + 75 = 195 m

 Francis = Section A + Section B + Section C

  = 
1

2
(16 × 3) + (16 × 6) + 

1

2
(1 × 5) + (16 × 5)

  = 24 + 96 + 2.5 + 80 = 202.5 m

 Therefore, Francis travelled 200 m around the track first as 
after 14 s Francis had covered 202.5 m while Zane had not yet 
reached 200 m (Zane had only covered 195 m in the 14 s).

(A – correctly calculates acceleration in a., correctly draws and labels arrows for thrust and friction 
in b. and describes the forces as balanced as go-cart at constant speed, states that area under 
speed time graph equals distance and attempts calculations but errors present in c.; M – explains 
thrust and friction forces in production of constant speed in b., calculations essentially correct in 
c. with errors only minor; E – all calculations correct in all parts of the question, correctly draws 
arrows and explains forces of gravity and support in b.)

p. 10

Question Five: The runner
a. Section A: Runner has constant acceleration for 8 seconds, 

indicated by straight line upwards (has constant gradient) on 
the speed-time graph.

    a = 
v
t
 = 

10 – 0
8.0 – 0

 = 1.25 m s–2 

 Section B: Runner has constant speed of 10 m s−1 for 
7 seconds, indicated by horizontal straight line on the speed-
time graph.

 Section C: Runner has constant deceleration for 5 seconds, 
indicated by straight line downwards (has constant gradient) 
on the speed-time graph.

 deceleration = 
v
t
 = 

0 – 10 m s–1

20 – 15 s
 = 

10 
5

 = –2.0 m s–2

 Section D: Runner has constant speed of 0 m s−1 for 5 seconds, 
so is stopped / stationary, indicated by the speed-time graph 
running along the x-axis (i.e. horizontal straight line at 
0 m s−1).

b.  Thrust > Air friction

gravity

support

thrust air friction

thrust > air friction
Runner is accelerating.

 Thrust = Air friction

gravity

support

thrust air friction

thrust = air friction
Runner at constant speed.

 Not possible to say

gravity

support

air friction

gravity

support

thrust air friction

gravity

support

thrust air friction comparative 
size of arrows 
irrelevant

or

or

See answer to c. for explanation to Not possible to say.

c. The net force is the combination of all the forces acting on the 
runner and determines the motion of the runner.

 When the forces are balanced (equal and opposite), they 
combine to give a net force of zero and the motion is 

p. 12
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