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 OVERVIEW – GENE EXPRESSION

Gene expression is the process in which the genetic information from a gene is used to synthesise a functional 
protein (i.e. the process of protein synthesis). 
• Proteins form the essential structures of organisms (e.g. skin, hair, muscles) as well as acting as the catalysts 

(in the form of enzymes) for cell processes. 
• The nucleic acids DNA and RNA operate together with the cell organelles called ribosomes to synthesise 

proteins in the processes of transcription and translation.

The essential biochemical processes in cells occur as metabolic pathways, in which a series of enzyme-controlled 
reactions convert an initial substrate into an end product.

Mutations that occur during DNA replication (through substitution, insertion, deletion of bases) result in the 
production of proteins with an altered biological function. Environmental factors known as mutagens may increase 
the frequency of mutations. 
• Mutations within the genotype affect the expression of the phenotype. Non-inheritable mutations occur 

within the somatic cells and affect only that individual. Inheritable mutations occur during the formation of 
the gametes and may be passed on to successive generations (i.e. enter the gene pool). 

• Both external and internal environmental factors may also affect the expression of the phenotype such that 
the phenotype of any individual is the combination of their genotype and the impact of environmental factors:

genotype + environment → phenotype

malignant 
cell

Patchy colouration of a tortoiseshell cat results 
from different levels of expression of genes for 

pigmentation in different areas of the skin.

Changes in DNA can result in cancers, as shown 
by the cancerous breast cells.

Nucleic acids – DNA and RNA
DNA (deoxyribonucleic acid) and RNA (ribonucleic acid) are the nucleic acids. You need to be confi dent 
in your knowledge of the structure of DNA studied in AS 90948 (Science 1.9) ‘Demonstrate understanding of 
biological ideas relating to genetic variation’ and studied in AS 91157 (Biology 2.5) ‘Demonstrate understanding 
of genetic variation and change’ so that you can build on it to understand:
• the structure and function of RNA
• process of protein synthesis
• gene mutations.
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DNA
The essential content for the structure and function of DNA follow.

Its shape is a double helix – two cross-connected strands twisted together.

The side strands are made of alternating sugar and phosphate groups; cross-strands are the paired bases.

Each strand of DNA is made up of many repeating units called nucleotides. Therefore, each strand is a 
polynucleotide chain. A nucleotide is made up of three parts:
• a deoxyribose sugar
• a phosphate group
• a nitrogen base.

bases

phosphate group

sugar group

The only difference between nucleotides is the base 
they contain.

phosphate 
group

deoxyribose 
sugar nitrogen base 

(any one of
A, T, G or C)

o

There are four different bases in DNA – adenine (A), cytosine (C), guanine (G), and thymine (T). The bases always 
pair according to the base pairing rule.
• Adenine with Thymine (A – T).
• Cytosine with Guanine (C – G).

The pairs are held together by weak hydrogen bonds, 
which therefore hold the two strands of DNA together.

The genetic code is the sequence of bases along one 
strand (the template strand). A sequence of three bases, 
a triplet, codes for an amino acid; amino acids are 
the building blocks of proteins (e.g. the triplet GCA on 
Strand one in the diagram codes for the amino acid 
arginine).

All the triplets that code for one complete protein make 
up a gene. A molecule of DNA can have thousands of 
genes. Different sequences of bases along a gene can 
produce proteins that are slightly different (e.g. one 
base sequence in humans codes for blue eye colour 
while another codes for brown eye colour). These 
different forms of a gene are called alleles.
 Structure of DNA

G

C

A

C

G

T

nucleotide

helix spiral

hydrogen
bonds

base

Strand one Strand two

DNA molecule

G

G

A T

C

C

deoxyribose
sugar

phosphate
group

o

o

o

o

o

o

o
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 DNA
1. In your own words:

a. describe the structure of DNA

b. describe the structure of a nucleotide.

2. a. Give the base pairing rule, and explain its signifi cance.

b.  If the amount of adenine in a cell was 32%, calculate the percentage of the other three bases in that cell. 
Include an explanation for your calculations. 

3 a. Give the role of the template strand in DNA.

b. For the template strands shown, 
write on the base sequence on 
the non-template strand.  i. A

T

A A
T

A

A
T

T

A
T

T

A
T

T C
G

C C
G

C C
G

CG
C

G G
C

G G
C

G G
C

G

 ii. 

G
C

CA
T

A A
T

A

A
T

T

A
T

T

A
T

T

A
T

TC
G

C C
G

G C
G

C C
G

CG
C

G

 iii. A
T

A A
T

A A
T

A

A
T

T

A
T

T

A
T

TC
G

C C
G

CG
C

G G
C

G G
C

G G
C

G

 c. Defi ne a triplet, and give two different examples.

Answers
p.  73
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RNA
DNA is found in the chromosomes and confi ned to the 
nucleus of the cell.

Protein synthesis occurs in the ribosomes, which are found in the cytoplasm. The code for a protein from DNA 
must be taken to the ribosomes where amino acids will be joined in the correct sequence for the protein – this is 
where RNA (ribonucleic acid) is involved. RNA is very similar to DNA, but there are a few essential differences.

There are three different forms of RNA.
• mRNA (messenger RNA) – copies the genetic code from the template strand of DNA (process is 

transcription) and transports this information to the ribosomes.
• rRNA (ribosomal RNA) – essential component of the ribosome.
• tRNA (transfer RNA) – attaches to amino acids found in the cytoplasm and transports them to the ribosome 

where they become part of the protein being synthesised (process is translation).

RNA is only single stranded (although the folding patterns of RNA molecules can at times make them appear 
double stranded). RNA molecules are much shorter than DNA molecules.
• RNA has the sugar ribose alternating with the phosphate groups along its strand.
• The base uracil (U) replaces the base thymine (T) (thymine is one of the four different bases in DNA).

 RNA
1. Complete the following table, then write a paragraph underneath to compare the structure of DNA and RNA.

DNA RNA

Bases present

Number of strands 
and relative length

Sugar

Location in cell

Small amounts of DNA occur in both mitochondria and 
chloroplasts, but this fact has no relevance to this topic.

Answers
p.  73
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2. The triplet codes shown are on the 
template strand of a DNA molecule. 
For each, write on the bases 
that would appear on the mRNA 
molecule that is copying the DNA.

a. 

A
T

A A
T

A

A
T

T

A
T

T

A
T

T C
G

C C
G

C C
G

CG
C

G G
C

G G
C

G G
C

G

mRNA

DNA

b. 

AA AA

T

T

T

T

T

T

T

TCC CC CC CCGG GG

mRNA

DNA

c. 

A
T

A A
T

A A
T

A

A
T

T

A
T

T

A
T

TC
G

C C
G

CG
C

G G
C

G G
C

G G
C

G

mRNA

DNA

 Protein synthesis – transcription and translation
There are two main stages of protein synthesis – transcription and translation.

Transcription
Transcription is the process in which the code for a protein on a gene in DNA is copied by mRNA.

Every gene has three regions:
• the promoter – turns a gene ‘on’ or ‘off’, and signals the start point for transcription
• the coding region – has the base sequence for a protein
• the terminator – signals the end point of transcription.

Transcription, like DNA replication, occurs under the control of a group of enzymes.

The enzyme RNA polymerase starts transcription by binding to the promoter. The DNA of the gene then ‘unwinds’ 
and ‘unzips’. Only one strand of DNA is copied by mRNA – this is called the template strand (the other strand 
is called the coding strand). The copying process is similar to that in DNA replication, with the base pairing rule 
applying (A–T, C–G); however, in mRNA the base thymine (T) is replaced by the base uracil (U). The three bases 
forming a triplet in DNA are copied to become a codon in mRNA. 
When RNA polymerase reaches the terminator region, transcription is 
completed and the mRNA detaches and moves out of the nucleus to 
the cytoplasm. The two strands of DNA rejoin (known as annealing) 
and twist back into the helix.

3’

5’

3’

5’
DNA

mRNA

Direction of transcription

template strand

coding strand

For assessment purposes you do not need 
to know the names of the enzymes involved 
in protein synthesis.
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 Amino acids and the ‘Codon dictionary’
Amino acids are the units (monomers) that make up the large proteins (polymers). Each amino acid bonds to the 
adjacent amino acid using a peptide bond; a chain of amino acids is referred to as a polypeptide (or polypeptide 
chain). Human proteins are made up of only 20 different amino acids.

Which triplet in DNA (hence which codon in mRNA) codes for each amino acid is shown in the ‘codon dictionary’.

Codon dictionary (mRNA)

Second position
U C A G

Fi
rs

t 
po

si
ti

on

U

Phe
Phe
Leu
Leu

Ser
Ser
Ser
Ser

Tyr
Tyr

STOP
STOP

Cys
Cys

STOP
Trp

U
C
A
G

Third position

C

Leu
Leu
Leu
Leu

Pro
Pro
Pro
Pro

His
His
Gln
Gln

Arg
Arg
Arg
Arg

U
C
A
G

A

Ile
Ile
Ile

Met

Thr
Thr
Thr
Thr

Asn
Asn
Lys
Lys

Ser
Ser
Arg
Arg

U
C
A
G

G

Val
Val
Val
Val

Ala
Ala
Ala
Ala

Asp
Asp
Glu
Glu

Gly
Gly
Gly
Gly

U
C
A
G

• There are 64 different codons (this is because there are four different bases and there are 64 different possible 
three base combinations of these; 43 = 64).

• The codon AUG is the START codon as it is the site where the ribosome binds to start translation.
• UAA, UAG and UGA are the STOP (or terminator) codons – they indicate the end point for translation 

where the polypeptide chain is released from the ribosome and forms the protein.
• The other codons code for specifi c amino acids; however, with 60 possible codons (64 – 4 start/stop codons) 

most of the 20 amino acids are coded for by more than one codon. This means that the code is redundant 
(the term degenerate is also sometimes used) – e.g. codons GUU, GUC, GUA and GUG all code for the 
amino acid val (valine). The advantage of redundancy is that if a mistake occurs in transcription (e.g. if one 
base gets substituted for another in a mutation), there is a chance that the new codon will still code for the 
same amino acid so that the protein (and therefore its function) remain the same. 

Nine of the amino acids are known as essential amino acids – histidine (his), isoleucine (ile), leucine (leu), 
methionine (met, START), phenylalanine (phe), threonine (thr), tryptophan (trp), valine (val), lysine (lys) – because 
our body cannot synthesise them from raw materials so they must be part of our diet. The other eleven amino 
acids can be synthesised in our cells. You do not need to know the names of any amino acids for assessment.
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Translation

Translation is the process in which the ribosomes and tRNA operate together to assemble amino acids into the 
protein (or polypeptide) coded for by the gene.

tRNA (transfer ribonucleic acid) is found in the cytoplasm and is characterised by:
• small molecules (about 70–90 nucleotides), folded back on themselves, similar in shape
• a three-base sequence of CCA at the outer (3’) end to which an amino acid attaches as unpaired three-base 

sequence at the ‘fold’ (an anticodon) which bonds to the complementary codon of mRNA.

Each of the 20 different amino acids in the cytoplasm is recognised by a specifi c tRNA molecule. tRNA attachment 
to an amino acid is enzyme-catalysed.

The ribosomes (made of protein and rRNA) move along the strand of mRNA when it arrives from the nucleus. 
Translation begins at the start codon AUG and is completed when one of the stop codons (UAA, UAG or UGA) is 
reached. The codons are read by the ribosomes and matched to the corresponding anticodon of a tRNA. When 
a codon-anticodon match occurs, the amino acid of that tRNA is added to the polypeptide chain being synthesised. 
Every time the ribosome moves along one codon, the process is repeated, with amino acids being added in 
sequence to the polypeptide. Normally, several ribosomes move along the mRNA at any one time (the whole 
complex is known as a polyribosome) ensuring rapid production of the protein. mRNA is broken down by the 
enzyme RNAase when enough protein has been made. The complete polypeptide chain(s) fold and coil to form 
the protein.

5’

anticodon

tRNA molecule
The 3-dimensional structure
is more complex – see below

3’ end (amino acid
attached here)

Proteins are the product of gene expression. The process of gene expression can be summarised as:

DNA  mRNA  polypeptide  protein
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 Protein synthesis
1. Give the function of the promoter, coding section, and terminator in a gene.

 Promoter:

 Coding section:

 Terminator:
2. Name and give the function of the three types of RNA.

 (1)

 (2)

 (3)

3. Give the location and function of:

a. a triplet

b. a codon

c. an anticodon

4. Distinguish between the template and coding strands of DNA.

5. Defi ne:

a. transcription

b. translation

6. a. Identify the START codon and give its function.

b. Identify the three STOP codons and give their function.

Answers
p.  73
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7. The diagram illustrates the main steps in protein synthesis.

U 
C 
U 

U 
U 
A 

G 
G 
U

C 
C 
U U  C  U  U  U  A  G  G  U  C  C  U

A  T
C  G
A T

T  A
T  A
A T

C  G
C  G
A T

C  G
C  G
T A

phe

cys
leu

cys

leu
pro

pro

gly

leu

cys

A  C  A

A  A  U G  G  A

C C A

gly

a. Label:
 i. nucleus, cytoplasm, a ribosome
 ii. DNA molecule, template strand, coding strand
 iii. mRNA, a tRNA, an amino acid, a polypeptide
b. Circle and label a triplet, a codon, an anticodon.

8. a.  The following sentences outline the main steps in protein synthesis. Number them from 1–10 in the fi rst 
column to give the correct order.

Polypeptide, mRNA, ribosomes separate.

mRNA moves out of the nucleus.

Template strand of DNA is copied onto mRNA.

tRNAs join then leave the mRNA one by one until the polypeptide is fi nished.

Ribosomes move along the mRNA, reading the codons.

mRNA attaches to the ribosomes in the cytoplasm.

DNA unwinds and ‘unzips’.

As it reads the codon, the ribosome matches the anticodon of tRNA.

The amino acid attached to the matched tRNA bonds to the amino acid of the 
previously matched tRNA.

Polypeptide forms the protein coded for by the gene.
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 ANSWERS

 DNA (page 3)

1. a.  DNA is a giant molecule (a polymer) in the shape of a double 
helix. The sides of the helix are made up of alternating 
(deoxyribose) sugar and phosphate groups. The sides are joined 
by paired (nitrogen) bases – adenine, thymine, cytosine, guanine 
(the bases bond to the sugar groups not the phosphate groups); 
the base pairs are held together by (weak) hydrogen (H) bonds.

 b.  A nucleotide is the base unit (a monomer) or building block for 
DNA. Consists of a phosphate group and a deoxyribose sugar to 
which one of the four bases is bonded.

2. a.  Adenine (A) – thymine (T); cytosine (C) – guanine (G). (The bases 
are bonded together with hydrogen bonds – three hydrogen 
bonds join C and G, two hydrogen bonds join A and T.) Base 
pairing provides the mechanism by which DNA is able to replicate 
itself (and so form two identical molecules).

 b.  If A is 32% then T must also be 32%, as they form a pair in DNA. 
A and T add up to 64% (32 + 32), therefore C and G must total 
100 – 64 = 36%. As G and C form pairs, each will be 18% of the 
total in the cell (36 ÷ 2).

  A = 32%, T = 32%, C = 18% and G = 18%.

3. a.  DNA has two (side) strands; the template strand is the one which 
has the genetic code in its sequence of bases.

 b. i. ATA CCG ACC TGG

  ii. CGA TGC AAT GAG

  iii. TAC GAC CTT GAC

 c.  A triplet is a sequence of 3 bases (on the template strand) that 
codes for an amino acid – e.g. TTC or ATA.

 RNA (page 4)

1.

DNA RNA

Bases present A, T, C, G A, U, C, G

Number of strands 
and relative length

2 strands, very long

(many genes with

1 000s of base pairs)

1 strand (folded in 
tRNA), short (mRNA 
one gene, tRNA < 100 
bases)

Sugar deoxyribose ribose

Location in cell
nucleus (in 
chromosomes)

cytoplasm

 DNA is a much larger and longer molecule than RNA and is found in the 
nucleus of the cell in chromosomes. RNA may be found in the nucleus, 
cytoplasm or ribosomes. Both DNA and RNA are macromolecules 
(polymers) made of nucleotides (the individual units called monomers); 
however, DNA is double stranded while RNA is single stranded. 
Nucleotides have three units – a phosphate group, a sugar, a base. 
Both DNA and RNA have phosphate groups but the sugars are different 
– deoxyribose in DNA, and ribose in RNA. The (nitrogen) bases bond to 
the sugars. 

 There are four different bases in DNA – A (adenine), T (thymine), 
C (cytosine) and G (guanine). The base T (thymine) in DNA is replaced 
by the (very similar) base U (uracil) in RNA. Only one form of DNA 
occurs, while three forms of RNA exist – mRNA, rRNA and tRNA.

2. a. AUA CCG ACC UGG

 b. CGA UGC AAU GAG

 c. UAC GAC CUU GAC

 Protein synthesis (page 9)

1. Promoter: Indicates the start of transcription for a protein.

 Coding section: Has the base sequence that codes for a protein.

 Terminator: Indicates the end of transcription for a protein.

2. mRNA – transcribes the code from template strand of DNA and carries 
it to ribosomes.

 rRNA – part of the ribosome where amino acids are bonded to form the 
polypeptide chain.

 tRNA – attaches to (specifi c) amino acid in cytoplasm and brings it to 
ribosome to be bonded to form the polypeptide.

3. a. Three-base sequence in DNA that codes for an amino acid.

 b. Complementary three-base sequence in mRNA for triplet in DNA.

 c. Complementary three-base sequence in tRNA for codon in mRNA.

4. Template strand is copied by mRNA which then has the same code as 
the other (hence ‘coding’) strand of DNA, except U replaces T in mRNA.

5. a.  Process by which the code for a polypeptide/protein on one 
strand of DNA is copied by mRNA (triplets of DNA transcribed to 
codons of mRNA).

b. Process by which tRNA and rRNA/ribosomes work together to 
assemble amino acids into a polypeptide using mRNA codons.

6. a.  AUG – the presence of the start codon on mRNA indicates the site 
for translation to start and so the beginning of the polypeptide.

 b.  UAA, UAG, UGA – the presence of one of these codons on mRNA 
indicates the site for translation to be stopped and so the end of 
the polypeptide (which will now detach from the ribosome).

7.

U
C
U

U
U
A

G
G
U

C
C
U U C  U  U  U  A  G  G  U  C  C  U

coding strand

triplet

nucleus
DNA

mRNA

cytoplasm

codon

ribosome

polypetptide

template strand

A  T
C  G
A T

T  A
T  A
A T

C  G
C  G
A T

C  G
C  G
T A

phe

cys
leu

cys

leu
pro

pro

gly

leu

cys

A  C  A

A  A  U G  G  A

C C A

gly
tRNA

anticodon amino acids

L2 Bio 2.7 Gene Expression LWB.indd   73L2 Bio 2.7 Gene Expression LWB.indd   73 19/01/16   7:54 am19/01/16   7:54 am



74  Achievement Standard 91159 (Biology 2.7)

© ESA Publications (NZ) Ltd  –  ISBN 978-0-908340-21-7  –  Copying or scanning from ESA workbooks is limited to 3% under the NZ Copyright Act.

8. a.

9 Polypeptide, mRNA, ribosomes separate.

3 mRNA moves out of the nucleus.

2 Template strand of DNA is copied onto mRNA.

8
tRNAs join then leave the mRNA one by one until the polypeptide 
is fi nished.

5 Ribosomes move along the mRNA, reading the codons.

4 mRNA attaches to the ribosomes in the cytoplasm.

1 DNA unwinds and ‘unzips’.

6
As it reads the codon, the ribosome matches the anticodon of 
tRNA.

7
The amino acid attached to the matched tRNA bonds to the 
amino acid of the previously matched tRNA.

10 Polypeptide forms the protein coded for by the gene.

 b.  Within the nucleus DNA unwinds and unzips to expose the 
template strand. mRNA copies the template strand of the gene 
coding for the needed protein using the base pairing rule (this is 
transcription). At the end of the gene, mRNA detaches and exits 
the nucleus to the cytoplasm and the ribosomes. The ribosomes 
move along mRNA, reading the codons. tRNA molecules in the 
cytoplasm have a specifi c amino acid. When the anticodon of 
a tRNA corresponds to the codon of mRNA at a ribosome, the 
amino acid of that tRNA is added onto the polypeptide chain 
being synthesised (this is translation). tRNA detaches and returns 
to the cytoplasm to collect another amino acid. When the 
polypeptide is completed, it separates from the ribosome and will 
form the needed protein.

9. The fl ow diagram shows gene expression – the code on a gene on DNA 
is transcribed onto mRNA which is then translated by rRNA and tRNA 
to form a polypeptide that becomes incorporated into or becomes a 
protein.

10. a.  The sequence of three bases in mRNA that codes for a particular 
amino acid.

 b.

Number of codons Names of amino acids

One trp

Two phe tyr his gln asn lys asp glu cys 

Three ile

Four val pro thr ala gly

Six leu ser arg 

 c. Redundancy (or degeneracy).

11. a. DNA template 
strand

CGA TCA GCT ACC TAT

mRNA GCU AGU CGA UGG AUA

Amino acids ala ser arg trp ile

b. 1  C 5  C 9  C

2  G 6  T 10  U

3  G 7  G 11  U

4  C 8  G

 c. 12  is glu

12. a. GUC CAG GGG AAG GGC AUC UUG GAU UAG

b. From the end/last part of the gene; the fi nal codon UAG is a stop 
codon, which ends transcription.

c. Triplets are CCC and CCG. 

  Amino acid is gly.

d. i.  Transcribes the template strand of DNA and takes the code 
to the ribosomes.

 ii.  Each tRNA attaches to a specifi c amino acid and brings 
it to a ribosome. When the anticodon on tRNA matches 
the codon on mRNA, the amino acid is added to the 
polypeptide.

13. a. 1  DNA replication – occurs in nucleus (prior to cell division).

  2   Transcription – occurs in nucleus when mRNA copies code 
from template strand of DNA.

  3   Translation – occurs in ribosomes and cytoplasm when 
tRNA and ribosomes combine to place amino acids into 
polypeptide chain.

 b.  Ribosomes move along the mRNA strand. Each codon on mRNA 
is matched with the complementary anticodon on tRNA by the 
ribosome; the specifi c amino acid attached to the tRNA is then 
added (peptide bond forms) to the polypeptide chain being formed.

 c. By one of the three stop codons – UAA, UAG or UGA.

14. a.  AUG is the start codon – indicates the start of translation by 
ribosomes. UAG is a stop codon – indicates the end of translation 
(the ribosome fi nishes producing the polypeptide, which 
detaches to form part or all of a protein).

b. There are 20 different amino acids that make up proteins plus the 
stop codon. A code of 2 bases does not give enough (42 = 16) 
combinations to code for each of the amino acids. A code of 3 
bases gives enough (43 = 64) combinations along with a bit of 
redundancy (the redundancy being that there are approximately 
three times as many codes as there are amino acids). 4 bases give 
far too many (44 = 256) combinations – there would be so much 
redundancy that mutations would be unlikely to change an amino 
acid, resulting in evolution being very slow or non-existent.

c. Code is degenerate (or redundant) as more than one codon codes 
for each amino acid (apart from trp and the start codon).

15. DNA is a double-stranded molecule, one strand being the template 
strand and the other the coding strand. The sequence of bases along 
a molecule of DNA that codes for the formation of a polypeptide or 
protein is a gene. Within the gene, a sequence of 3 bases (a triplet) 
codes for an amino acid. DNA remains in the nucleus (as too great a 
chance of being damaged if it has to leave the nucleus) – therefore 
mRNA has to transcribe the code on the template strand and take 
it to the ribosomes in the cytoplasm to synthesise the protein coded 
for by the gene. mRNA is single stranded. DNA ‘unwinds’ and ‘unzips’ 
to allow base paring (A–T, C–G) to occur. However, in transcription, 
the base uracil replaces thymine (the latter is found only in DNA), 
so the base pairing is A–U. Therefore, the sequence of bases on 
mRNA is the same as the coding strand of DNA except U replaces 
T. The sequence of 3 bases on mRNA is called a codon. When the 
base sequence of the gene has been transcribed, mRNA detaches 
and moves to the ribosomes in the cytoplasm forming a ribosome/
RNA complex. The ribosomes move along the mRNA to translate the 
code into a polypeptide/protein. Translation begins with the START 
codon AUG (a START codon signals the start of the polypeptide) and 
continues until one of three STOP codons is reached (signals the end 
of the polypeptide). tRNA are small, looped RNA molecules with an 
exposed sequence of 3 bases known as an anticodon; each anticodon 
corresponds with a codon. Each different tRNA associates with a 
specifi c amino acid. As a ribosome moves along the mRNA, the codons 
are matched to the corresponding anticodon whereupon the amino 
acid attached to the tRNA is bonded to the preceding amino acid in 
the polypeptide being synthesised. That tRNA molecule then detaches 
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