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Gene expression
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1 Gene expression is the process by which specific genes are
activated to produce a required protein.
2 Gene expression involves the transcription and translation of DNA
sequences.
3 Genes are expressed to produce proteins.
4 Only a fraction of the genes in a cell are expressed.
5 Transcription and translation involves three types of RNA (mRNA,
tRNA and rRNA).
6 RNA is single stranded and is composed of nucleotides containing
ribose sugar, phosphate and one of four bases: cytosine, guanine,
adenine and uracil.
7 Mature messenger RNA (mRNA) carries a copy of the DNA code
from the nucleus to the ribosome.
8 mRNA is transcribed from DNA in the nucleus and translated into
proteins by ribosomes in the cytoplasm.
9 Each triplet of bases on the mRNA molecule is called a codon and
codes for a specific amino acid.
10 Transfer RNA (tRNA) folds due to complementary base pairing.
11 Each tRNA molecule carries its specific amino acid to the ribosome.
12 Ribosomal RNA (rRNA) and proteins form the ribosome.
13 A tRNA molecule has an anticodon (an exposed triplet of bases) at one
end and an attachment site for a specific amino acid at the other end.
14 DNA in the nucleus is transcribed to produce messenger RNA
(mRNA), which carries a copy of the genetic code.
15 In transcription, the enzyme RNA polymerase moves along DNA unwinding
the double helix and breaking the hydrogen bonds between the bases.
16 RNA polymerase synthesises a primary transcript of mRNA from
RNA nucleotides by complementary base pairing.
17 Uracil in RNA is complementary to adenine.
18 Eukaryotic genes have introns (non-coding regions) and exons
(coding regions).
19 The introns of the primary transcript are non-coding regions and are
removed.
20 The exons are coding regions and are joined together to form the
mature transcript.
21 The order of the exons is unchanged during splicing.
22 RNA splicing forms a mature mRNA transcript.
23 The mature mRNA transcript carries a copy of the DNA code from the
nucleus to the ribosomes, where it is translated.
24 tRNA is involved in the translation of mRNA into a polypeptide at a
ribosome.
25 Most codons code for specific amino acids but there are also start
codons and stop codons. Translation begins at a start codon and
ends at a stop codon.
26 Amino acids are carried by specific tRNA molecules.
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27 tRNA anticodons align and bond to mRNA codons by complementary base
pairing, translating the genetic code into a sequence of amino acids.
28 Peptide bonds join the amino acids together to form a polypeptide.
29 Following polypeptide formation, tRNA exits the ribosome to collect
further amino acids.
30 Different proteins can be expressed from one gene, as a result of
alternative RNA splicing.
31 Different mature mRNA transcripts are produced from the same
primary transcript depending on which exons are retained.
32 Amino acids are linked by peptide bonds to form polypeptides.
33 Polypeptide chains fold to form the three-dimensional shape of a
protein, held together by hydrogen bonds and other molecular
interactions between individual amino acids.
34 Proteins have a large variety of shapes which determines their functions.
35 Gene expression results in proteins which determine the phenotype
of an individual organism.
36 Environmental factors also influence phenotype.

Key links

The base sequence of DNA forms the genetic code. This code is found in all
forms of life, which suggests that all life originated from a common ancestor.
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Genes are the units of genetic code that make up the genotype of an
organism. These are expressed to produce proteins, which form the
structure and control the functions of the organism. The phenotype of
an individual organism is determined by the proteins produced by the
expression of its genes. Only a fraction of the genes in a cell are expressed
depending on the proteins required by that cell.
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Figure 1.14 summarises how gene expression and environmental factors
influence the phenotype of an organism.
proteins produced by
gene expression

dr

DNA base sequences
in the genes make up
the genotype

environmental
factors

final phenotype
influenced
by genotype and
environmental
factors



There is more about
the idea of common
ancestors in Key Area
1.8 (page 32).

Key links



There is more about
which genes in a cell
are expressed in Key
Area 1.4 (page 17).

Figure 1.14 Flow chart to show how genotype and environmental factors influence final phenotype

Structure and function of protein
Protein molecules are polypeptide chains (Figure 1.15).
A polypeptide is a chain of amino acids held together by
peptide bonds. The polypeptide is folded to give a protein
with a three-dimensional shape held in place by hydrogen
bonds and other interactions between individual amino
acids. The shape of a protein is linked to its function.
12
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Gene expression

Functions include structural components of cells and enzymes as shown
in the following table.
Function

Example

Structural
components of
cells
Enzymes

Building blocks of cell
structure

Protein components of membranes
such as the carrier proteins in the
electron transport chain
Enzymes to know about include
DNA and RNA polymerase, ligase,
endonucleases and RuBisCo

Speed up the rate of
chemical reactions

Stages of gene expression

Key links

transcription



There is more about the
action of enzymes in Key
Area 2.1b (page 51).
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Genes are expressed in two main stages, transcription and translation. In
transcription, a copy of the gene in the form of a molecule called mRNA
is created. In translation, a specific sequence of amino acids is built up
using the mRNA code. These stages are shown in Figure 1.16.
DNA containing the
genetic information
is transcribed to
messenger RNA



There is more about
the electron transport
chain in Key Area 2.2
(page 59).
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Protein group

Key links

messenger RNA
carries the genetic
information to
ribosomes, where
it is translated to
produce proteins

translation

proteins give the
cell its structure
and help control
its function

Figure 1.16 Relationships between the substances involved in gene expression
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Gene expression relies on various forms of RNA. RNA is very
similar to DNA but has differences mainly in the nucleotides that
it is made up of. DNA nucleotides have deoxyribose sugar but
RNA nucleotides have ribose. DNA nucleotide bases are adenine,
thymine, guanine and cytosine. In RNA, the base uracil (U)
replaces thymine. Uracil also pairs with adenine in
complementary base pairing. RNA is single stranded although
there can be some base pairing of nucleotides. RNA nucleotides
are shown in Figure 1.17.

A

G

U
uracil
base
C
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1.17 RNA nucleotides linked into a
There are three types of RNA. Messenger RNA (mRNA) carries a Figure
single strand, and showing the differences
complementary copy of the genetic code from the DNA in the
from DNA nucleotides
nucleus to the ribosomes in the cytoplasm. Transfer RNA (tRNA)
carries specific amino acids to ribosomes, where they can be assembled
to form polypeptide chains. Ribosomal RNA (rRNA) is combined with
proteins to make up the structure of ribosomes.

Transcription
In the first step, the enzyme RNA polymerase unwinds and unzips the
double helix of the gene to be expressed and aligns free RNA nucleotides
against the exposed DNA nucleotides of the template strand.
Complementary base pairing ensures correct positioning of RNA
nucleotides, which are then joined to form a primary transcript. The
13
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primary transcript is a complementary copy of the gene made up of
groups of three bases called codons, as shown in Figure 1.18. Primary
transcripts start with start codons and finish with stop codons.
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Figure 1.18 Formation of a primary transcript

Each transcript has introns and exons. Introns are non-coding regions and
are removed from the primary transcript, leaving coding regions known
as exons. The exons are then spliced together to form a mature mRNA
transcript, as shown in Figure 1.19.
intron 1
exon 1

mature
mRNA
transcript

Figure 1.19 RNA splicing
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The alternative splicing shown in Figure 1.19 allows a primary transcript to
form different mRNA molecules depending on which exons are included
in the mature mRNA. Exons are always kept in the same order after
splicing. In this way, a DNA sequence may be expressed in different ways
in cells of different tissues or cells of different ages.

Ribosomes and translation
In eukaryotes mRNA molecules move from the nucleus to the ribosomes
to be translated.
Ribosomes made of rRNA and protein are found free in the cytoplasm of
cells or bound to the membranes of its endoplasmic reticulum (ER). A
mature mRNA molecule binds onto a ribosome. mRNA carries a start
codon, which starts translation, and a stop codon, which causes
translation to finish when the polypeptide is complete.
The folded tRNA molecules, held by complementary base pairs, have
a triplet of three bases called an anticodon and an attachment site to
transport a specific amino acid to mRNA on the ribosomes, as shown in
14
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Figure 1.20. They are recognised and align with the mRNA according to
their anticodons, which are complementary to the codons of mRNA. The
amino acids that have been lined up bind through peptide bonds to form
polypeptides. The polypeptide folds to form a protein, which is held together
by hydrogen bonds and other molecular interactions between amino acids.
Translation is summarised in Figure 1.20.
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Figure 1.20 Translation of mRNA to form a polypeptide chain

One gene, many proteins
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Different proteins can be expressed from the same gene due to
alternative RNA splicing. This idea is summarised in Figure 1.21.
one gene

transcription

Hints & tips



It is important to remember
that the sequences of codons
on mature mRNA lead to
the production of a specific
polypeptide.
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Figure 1.21 Production of different proteins from one gene
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Alternative RNA splicing – synthesis of different mature transcripts from the same primary transcript
Amino acid – unit of polypeptide structure
Anticodon – sequence of three bases on tRNA that specifies an amino acid
Attachment site – position on a tRNA molecule at which a specific amino acid binds
Codon – sequence of three bases on mRNA that specifies an amino acid
Environmental factors – these include light, temperature, nutrients and other factors which can affect the
phenotype of an organism
Exon – sequence of DNA that codes for part of a protein
Gene – DNA sequence which codes for a protein
Gene expression – transcription and translation
Intron – non-coding sequence of DNA within a gene
Mature messenger RNA (mRNA) – carries a copy of the DNA code to a ribosome
Mature transcript – alternative term for mature mRNA
Molecular interactions – various chemical links joining amino acids and giving protein molecules their shape
Peptide bonds – strong chemical links which join amino acids in the primary structure of polypeptides
Phenotype – outward appearance of an organism
Polypeptide – short strand of amino acids
Primary transcript – molecule made when DNA is transcribed
Ribosomal RNA (rRNA) – type of RNA that makes up ribosomes
Ribose sugar – sugar component of an RNA nucleotide
Ribosome – site of protein synthesis; composed of rRNA and protein
RNA – ribonucleic acid, which occurs in several forms in cells
RNA polymerase – enzyme involved in synthesis of primary transcripts from DNA
RNA splicing – joining of exons following the removal of introns from a primary transcript
Start codon – triplet transcribed from DNA to a primary transcript indicating the start of the gene
Stop codon – triplet on the primary transcript which signals a stop to translation
Transcription – copying of a DNA sequence to make a primary transcript
Transfer RNA (tRNA) – transfers specific amino acids to the mRNA on the ribosomes
Translation – production of a polypeptide using sequences of mRNA
Uracil – RNA base not found in DNA but complementary to adenine in transcription

Short answer (1 or 2 marks)

dr

1 Proteins are chains of amino acids folded into three-dimensional shapes.
a) Name the bonds that hold the amino acids together in sequence.
b) Describe how the chains of amino acids are held in their three-dimensional shape.
c) Explain the importance of the three-dimensional shape of a protein molecule.
d) Give two examples of the groups of proteins found in living cells.
2 Give one way in which the expression of a single gene can result in different proteins being produced.
3 Eukaryotic genes are made up from base sequences known as introns and exons.
State how introns and exons differ.
4 Describe the functions of start and stop codons.

(1)
(1)
(1)
(2)
(1)
(1)
(2)

Longer answer (3–10 marks)
5 Give an account of gene expression in eukaryotic cells under the following headings:
a) transcription of DNA
b) translation of mature mRNA.

(4)
(4)

Answers are on page 37.
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