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Science 1.9 AS 90948 Externally assessed 
4 credits

Demonstrate understanding of biological ideas relating to genetic 
variation

For Achievement Standard 90948 (Science 1.9), you demonstrate an understanding of concepts and processes 
connected with the continuity of life based on the inheritable nature of DNA, links between DNA and variation 
in the characteristics of organisms, and how certain characteristics enable organisms to survive and breed.

Genetic variation
All living things are highly organised in their structure and life processes; all life forms on Earth are related. 
Complex life forms have evolved, over many millions of years, from simpler life forms. Organisation and 
evolution depend on information that is handed on from one generation to the next – so that tomato plants, for 
example, produce more tomato plants (not cabbages). The information is contained in DNA molecules in cells.

‘Genetic variation’ describes the differences in the DNA of individuals, which give rise to individuals that vary in 
their structures, life processes and behaviours. Those individuals with structures, life processes and behaviours 
best suited to their environment can survive to reproduce – and pass on their DNA with the genetic information 
about their ‘useful’ characteristics.

Unit 1 – Cells
All living things are composed of at least one cell. Most organisms have millions of cells, grouped into tissues 
(e.g. muscle tissue), and organs (e.g. the heart). The diagram shows a group of animal skin cells.

plasma membrane
controls what enters and
leaves the cell

genetic material (DNA)
is usually contained in a
nucleus (the nucleus
controls all cell activities)

cytoplasm contains
organelles for life processes 
such as respiration

Chromosomes
Genetic information is carried in chromosomes, which are long, thin strands of DNA, coiled tightly in 
the nucleus. Each species has its own number of chromosomes. Human body cells contain 23 pairs (= 46 
chromosomes). Cows have 30 pairs, radish plants have only 9 pairs.

Along each chromosome, DNA is arranged in segments or genes, which carry the code for characteristics 
(e.g. eye colour, leaf shape). Different chromosomes carry different genes. There can be thousands of genes 
along one chromosome.
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The body cells of animals and plants contain two of each chromosome – one from each of the organism’s 
parents.

In many organisms, all but one of the pairs of chromosomes carry genes that control body characteristics. The 
different pair is the sex chromosomes, which carry information for sexual characteristics as well as for some 
body characteristics. The sex chromosomes are the X and Y chromosomes in mammals – XX is female, and XY 
is male.

Questions Unit 1: Cells
1. Which molecule demonstrates that ‘all life forms on Earth are related’? Explain your answer.

2. Give one word to describe the idea that over millions of years, complex life forms have come from 

 simpler life forms. 
3. Label the following photo of a human cheek cell, stained and seen under a microscope, and state the 

function of each part you label.

a.

b.

c.

4. Put these parts of a cell from a human in order from biggest to smallest:
      gene  nucleus  DNA molecule  chromosome

Ans. p. 193
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5. a. State the total number of chromosomes in the skin cell of a cow. 

 b. How many pairs of chromosomes are in the nucleus of a leaf cell of a radish plant? 
 c.  How many pairs of chromosomes, excluding the sex chromosomes, are in each body cell of a human? 

6. Explain in words the relationship between DNA, a chromosome, and a gene.

Unit 2 – Cell division
Mitosis
In mitosis, two body cells form from one. Mitosis provides new cells for growth and repair (e.g. in the 
growing tip of a plant shoot, or the skin cells of an injured finger). The two new cells are identical to each other 
and to the parent cell – they all contain the same, identical, genes.

Before mitosis, each chromosome replicates, forming two identical strands. Each strand is a single DNA 
molecule. During mitosis, the replicated chromosomes line up and the two identical strands pull apart, moving 
to opposite ends of the cell, which cuts off between them. The diagram shows mitosis in a cell with only two 
chromosomes.

DNA replication 

Mitosis 

Meiosis
Meiosis takes place only in sex organs (e.g. testes and ovaries). Four new cells, gametes, form from each 
parent cell. Because gametes are different from one another and the parent cell, meiosis contributes to genetic 
variation. In flowering plants, male gametes are in pollen grains and female gametes are ovules. In animals, 
male gametes are sperm, female gametes are eggs.

Chromosomes replicate before meiosis, and line up in their pairs so there are four strands of DNA, side by side. 
As the strands cross over each other, some DNA is exchanged between them, which contributes to genetic 
variation. The members of each pair separate randomly to opposite ends of the cell. The random separation 
also contributes to genetic variation. In a second division, the strands separate (as in mitosis). Each new cell 
develops into a gamete.
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1. DNA replication 

3. Second division 

2. Chromosomes line up in 
pairs and exchange some 
DNA before separating 

4. Four gametes are formed, 
each with different DNA 
sequences and only half 
the number of chromosomes 
in the parent cell 

Meiosis:

• separates pairs of chromosomes, so each gamete receives only one chromosome from each pair
• produces gametes that have half the number of chromosomes of body cells, e.g. a human gamete has 23 

chromosomes, not 46
• mixes genetic material, so every gamete carries different DNA from every other gamete.

Fertilisation
At fertilisation, one male gamete and one female gamete join to form a zygote, restoring the full number of 
chromosomes (e.g. a human zygote has 46 chromosomes – 23 chromosomes from the sperm and  
23 chromosomes from the egg). Chance alone decides which sperm fertilises an egg. The zygote divides many 
times to form an embryo. At first, embryo cells are identical. Then DNA controls how cells differentiate to 
become all the cells needed by the body.

Individuals vary because the gametes from which they form are all different and because they receive half their 
chromosomes from each of their parents, which carry different genes from each other.

Identical twins develop from the same fertilised egg, so the DNA in their cells is identical. Non-identical twins 
develop from different fertilised eggs.

*Y11 Science LWB BookNZ.indb   4 21/08/13   10:39 AM



Demonstrate understanding of biological ideas relating to genetic variation  5

 ESA Publications (NZ) Ltd, Freephone 0800-372 266

AS 90948

Questions Unit 2: Cell division
1. Complete the following table to compare and contrast mitosis and meiosis.

Mitosis Meiosis

Takes place in: All parts of the body a.

Needed for: b. Reproduction – formation of 
gametes

Number of cells produced 
from parent cell: 

c. d.

New cells identical? Yes e.

Number of chromosomes 
in new cells compared with 
original cell:

f. Half the original chromosome 
number

Increases variation between 
offspring?

No g.

2. The diagram shows two types of cell division, with only two pairs of chromosomes in the parent cell.
 a.  In the daughter cells, draw the chromosomes you would expect as the final result of each type of cell 

division.

Parent cell

MeiosisMitosis

 b. Explain the importance of the difference in chromosome numbers shown in a.

3. Match each word that follows with its description.
 chromosomes  embryo  fertilisation  gametes  meiosis  mitosis  

 replication  variation  zygote

 a. Formed at fertilisation from a male and female gamete: 

 b. Type of cell division that results in variation in the cells formed from it: 

 c. Sex cells, made in ovaries and testes: 

Ans. p. 193
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 d. Cell division resulting in two identical cells: 

 e. Forms when a zygote divides by mitosis: 

 f. A male and a female gamete combining: 

 g. Structures in the nucleus, made of DNA: 

 h. When DNA makes a copy of itself, to form two identical DNA molecules: 

 i. Plants or animals looking or behaving differently from each other: 
4. Explain why each chromosome of a pair of chromosomes in a cell has differences in its DNA from the other 

chromosome in the pair for any particular characteristic, although they look similar.

5. The first 8 cells formed in an embryo are identical. What controls their differentiation, e.g. into skin or bone 
cells in a human?

6. Describe what is meant by genetic variation and discuss how the process of meiosis contributes to genetic 
variation.

7. Explain why, in a litter of six puppies, each puppy is similar to, 
but differs slightly from, all the others. In your answer, use all the 
words following:

 meiosis  gametes  different  random  half 
mixes  fertilisation  chromosomes  genes  

 DNA  characteristics
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Demonstrate understanding of aspects of acids and bases

For Achievement Standard 90944 (Science 1.5), you demonstrate an understanding of aspects of acids and 
bases, including atomic structure, isotopes, the periodic table, ions and ionic compounds, some reactions of 
acids and bases, balanced chemical equations, reaction rates, pH and indicators.

Unit 1 – Atomic structure
Atoms
An atom is the smallest part of an element that can take part in a chemical reaction. Atoms are so small that it 
would take 4 billion sodium atoms to cover a full stop. Atoms are made of subatomic particles: 

• Protons have a positive charge.

• Electrons have a negative charge. 

• Neutrons are neutral (no charge).

Protons and neutrons are in the small, dense, central nucleus of the atom. Electrons move rapidly in the space 
around the nucleus. Electrons are so small they can be considered to have no mass. The number of (positive) 
protons is the same as the number of (negative) electrons, therefore atoms have no electrical charge. The 
number of neutrons varies.

Example – lithium atom

lithium atom, Li, has 3 protons    and 4 neutrons    in its nucleus 

3 electrons spin rapidly around the nucleus 

space

Atomic number and mass number

Atomic number = the number of protons

Mass number = the number of protons + the number of neutrons

A nuclide symbol shows these details:

mass number (A) – indicates the number of protons
plus neutrons in the nucleus of the atom

atomic number (Z)  – indicates the number of
protons (and the number of electrons in the atom)

The symbol used to represent 
one atom of the element. X Z 

A 
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Example of a nuclide symbol – sodium atom

mass number shows sodium atom has 23 protons + neutrons

Chemical symbol for sodium is Na 
 

atomic number shows sodium atom has 11 protons
(and therefore 11 electrons) Na 11 

23 

Questions Unit 1: Atomic structure
1. a.  Explain the difference between the atomic number of an element and the mass number of the same 

element.

 b. Explain why electrons are not included in calculations of mass number.

2. Hydrogen is the element that has least mass of all elements. 
Hydrogen, H, has only 1 proton and no neutrons.

 a. State the atomic number of hydrogen. 

 b. How many electrons are in an atom of hydrogen? 
 c.  Draw a simple diagram of a hydrogen atom. Label the proton 

with a plus, +, sign. Label the electron with a minus, –, sign.

 d.  Describe how your diagram shows the atom is electrically neutral (has no charge).

Ans. p. 202

 

An early hydrogen balloon – hydrogen 
is the lightest element known
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3. a. Complete the following table.

Name and 
symbol

Number of 
protons

Number of 
neutrons

Number of 
electrons

Atomic 
number

Mass 
number

Helium, He 2 2 2

Lithium, Li 3 3 6

Aluminium, Al 13 27

Phosphorus, P 15 31

Sulfur, S 16 16

 b. Using the preceding table, write nuclide symbols for an atom of each of the elements on the table.

  Helium: 

  Lithium: 

  Aluminium: 

  Phosphorus: 

  Sulfur: 
4. Explain in words what the nuclide symbol alongside tells us about the structure of an 

atom of the element argon.

5. Use the following table to help answer a. to d.

Element Atomic number Mass number

Carbon 6 14

Potassium 19 39

Chlorine 17 35

Magnesium 12 24

 a. State the number of protons in a potassium atom. 

 b. State the number of neutrons in a chlorine atom. 

 c. Write the nuclide symbol for a magnesium atom. 

 d. State the number of electrons in a carbon atom. 
6. Give the numbers of protons, electrons and neutrons in the following atoms.

 a. 7
14N  

 b. 10
20Ne  

 c. 9
19F  

18
40 Ar
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Unit 2 – Isotopes and electron shells
Isotopes

Isotopes are atoms with the same number of protons as each 
other, but different numbers of neutrons

Because only the number of their neutrons differs, isotopes of an element have:
• different mass numbers from each other
• the same atomic number as each other
• the same number of protons as each other
• the same number of electrons as each other
• the same chemical reactions as each other (because chemical reactions involve only electrons).

Example 
Carbon-12, 6

12 C , and carbon-14, 6
14 C , are two common 

isotopes of carbon. The nuclide symbols tell us that 
carbon-14 has two more neutrons in its nucleus 
than does carbon-12.
Carbon-14 can also be written 14C, showing the 
mass number only.

Electron shells
Electrons are in shells or energy levels around the nucleus. The shell closest to 
the nucleus is the first shell. The shells get filled with electrons one after another, 
starting with the first shell. 

the first shell holds up to 2 electrons

the second shell holds up to 8 electrons

the third shell also holds up to 8 electrons

Any more electrons go into a fourth shell.nucleus

Example
sodium

2 electrons in the first
shell, 8 in the second,

1 in the third:
Na (2,8,1)

sodium
nucleus

An atom’s electron arrangement, or electron configuration, shows the number of electrons in each shell, 
starting with the first shell.

Example
Boron, B, has atomic number 5, so an atom of boron has 5 electrons. Boron’s electron arrangement is B (2, 3). 
Phosphorus, P, has the atomic number 15, so the electronic configuration of phosphorus is P (2, 8, 5).
Elements are stable when their outermost shell is full. Elements are reactive when their outermost shell needs 
to lose or gain an electron or electrons to become full.
Elements with the same number of electrons in their outer shells have similar chemical properties, e.g. both 
sodium and potassium have only 1 electron in their outer shell and both react violently with water.

The presence or 
absence of 14C can be 
used to decide the age 
of materials containing 
carbon, such as this 
body from around 5 bc.
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Unit 1: Cells (page 2)
1. DNA – the DNA molecule is contained in the cells of all organisms, carrying the information for all cell 

organisation and thus is the basis of evolution.
2. Evolution.
3. a. Cytoplasm – contains organelles that carry out life processes.
 b. Nucleus – controls cell activities, contains genetic material.
 c. Plasma membrane – controls what enters and leaves the cell.
4. nucleus  chromosome  DNA molecule  gene
5. a. 60 (30 pairs)  b.   9  c.   22
6. Chromosomes are made of DNA – a section of DNA is a gene.

Unit 2: Cell division (page 5)
1. a. Sex organs only  b.   Growth and repair of cells  c.   2  d.   4 
 e. No   f.   Same  g.   Yes

2. a. 

Meiosis Mitosis 
 b.  Chromosome numbers are halved during meiosis, so the original number of chromosomes can be 

restored when fertilisation takes place.
3. a. zygote b.   meiosis c.   gametes d.   mitosis e.   embryo
 f. fertilisation g.   chromosomes h.   replication i.   variation
4. Each chromosome in a pair has come from a different parent.
5. Instructions carried on DNA.
6. Genetic variation describes the differences in the DNA of individuals, which give rise to individuals that vary 

in their structures, life processes and behaviours. Meiosis contributes to genetic variation by mixing DNA 
when pairs of chromosomes come together, and in the random way in which chromosomes separate when 
gametes form, so that all gametes are different.

7. During meiosis in the ovaries and testes of the parents, DNA mixes, so gametes are all different from each 
other. Which sperm fertilises which egg is random, so further variation occurs as the zygote receives half its 
chromosomes from each parent at fertilisation. Chromosomes carry the genes for characteristics such as fur 
colour, ear shape and so on. While the information that is passed on is essentially the same, making the 
puppies similar, the small differences in their DNA explains the differences between them.

Unit 3: Sex determination (page 7)
1. Only meiosis halves the chromosome number so the complete number can be restored at fertilisation.
2. It is a matter of chance which sperm and egg join at fertilisation. The likelihood of a 1 : 1 ratio exists only 

when very large numbers (hundreds) of offspring are involved.
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3. Male / father.
4. See diagram on page 7.
5. When any cells from the foetus that are dividing are stained and looked at under a microscope, either an XX 

(female) or an XY (male) pair of chromosomes can be seen.

Unit 4: DNA (page 9)
1. To control cell activities and to pass genetic information from generation to generation.
2. a. base-pairing rule b.   bases c.   guanine d.   amino acid e.   thymine
 f. chromosome g.   inheritance h.   gene i.   DNA
3. a. T – thymine b.   C – cytosine c.   A – adenine d.   G – guanine
4. a. A group of three bases along DNA is the code for one amino acid.
 b. Proteins are composed of many amino acids joined together.
 c. Enzymes are proteins.
 d. A gene carries the code for one or more proteins.
 e. Genes carry the instructions that give rise to characteristics in the animal or plant.
5. The offspring from asexual reproduction have the same, known, characteristics as the parent plants, because 

offspring and parent carry identical DNA.
6. a.  The body cell, and any cells formed from it, could produce different proteins (the cells formed might also 

have changed features, e.g. different shape, if the order of DNA bases changed).
 b.  Gametes formed from the sex organ cell would carry the changed order of bases, leading to changes in 

characteristics of the offspring if those gametes were involved in fertilisation.
7. The order of the bases along the DNA molecule carries the code for amino acids, which join to become 

proteins in the cell. Proteins can be enzymes, which control how cells carry out life processes such as 
respiration, and divide and grow to form an ear lobe; and proteins are part of the skin and muscle tissue 
forming the structure of the ear lobe.

Unit 5: Genes and alleles (page 12)
1. a.  A gene is the set of instructions that code for a particular characteristic, e.g. the gene for eye colour. An 

allele is one of alternative variations of a gene, which determines how the gene is expressed, e.g. the 
allele for brown eyes or the allele for blue eyes.

 b.  When a pair of alleles are the same, the organism is homozygous for that trait, e.g. BB might be 
homozygous for black coat colour. When a pair of alleles are different, e.g. Bb, the organism is 
heterozygous for that trait.

 c.  The recessive allele does not show up in a heterozygous individual. A dominant allele always shows its 
related trait in the individual when present, e.g. for black coat B – both BB and Bb will appear black; only 
the homozygous recessive bb will not appear black.

 d.  The genotype is the formula for the alleles, e.g. Bb. The phenotype is how the alleles are expressed, e.g. 
‘black coat colour’.

2. a.  Meiosis separates pairs of chromosomes, and therefore the alleles on the chromosomes, when gametes 
are formed.

 b. Body cells carry pairs of chromosomes, one from each parent, and therefore pairs of alleles.
3. a. phenotype genotype  b. homozygous   c. heterozygous  d. homozygous
4. a. white   b. crimson   c. CC   d. C and c
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