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Inheritance
Genes and control

From genes to phenotype

faulty tyrosinase →
albinism

faulty haemoglobin →
sickle cell

faulty factor VIII →
haemophilia

faulty huntingtin → Hunting-
ton’s

A gene codes for a protein, and the protein shapes the phenotype – so a
faulty allele gives a faulty protein.



Inheritance
Genes and control

Gibberellin and stem height

In pea plants, the dominant allele Le codes for a working enzyme that makes
gibberellin , so the plant grows tall by stem elongation .

The recessive allele le codes for a broken enzyme, so little gibberellin is made and the
plant is short.



Inheritance
Genes and control

Gene control: the lac operon
The lac operon controls lactose digestion:

no lactose → a repressor blocks the genes

lactose pulls the repressor off → enzymes made (inducible )
Eukaryotes use transcription factors .

no lactose

promoter operator lactose-digesting genes
repressor

blocked → no enzymes
lactose present

promoter operator lactose-digesting genes

repressorlactose

enzymes made



Switching a gene on when it is needed

The operon In a prokaryote such as a bacterium, a group of genes – the lac
operon – controls the digestion of lactose.

Off by default A repressor protein binds the operator, so RNA polymerase cannot transcribe
the genes. No lactose, no enzymes, no waste.

Lactose switches it
on

Lactose binds the repressor and changes its shape, so it lets go, and transcrip-
tion runs.

Two kinds of enzyme An inducible enzyme is made only when it is needed; a repressible en-
zyme is normally made and can be switched off.

The cell is not deciding anything. A molecule changes a protein’s shape, and the shape
change is the decision.



The chi-squared test, and how gibberellin switches genes on

the chi-squared
test

compares the numbers you actually counted (observed, O) with the num-
bers a hypothesis predicts (expected, E)

the statistic χ2 =
∑ (O − E)2

E

the degrees of freedom one fewer than the number of categories

the conclusion if χ2 exceeds the critical value at p = 0.05, the difference is unlikely to be
chance

gibberellin causes the breakdown of DELLA protein repressors

the effect with the repressors gone, the genes they were blocking are transcribed – so
the hormone acts by removing a brake

An inducible enzyme is made only when needed. Both gibberellin and the lac operon
work by lifting repression, not by adding a signal to switch on.



A-Level Biology

Exercises 2.1·2.2

2 Practice
2.1 State the difference between a structural gene and a regulatory gene. [2]

2.2 State what is meant by an inducible enzyme. [1]

3 Exam-style questions
3.1 In the lac operon, when no lactose is present, the repressor protein: [1]

A is broken down
B binds the operator and blocks transcription
C is transcribed into mRNA
D binds the lactose-digesting enzymes

3.2 What is the role of a transcription factor in a eukaryotic cell? [1]

A to replicate DNA
B to bind DNA and control the rate of transcription
C to translate mRNA
D to break down glucose

3.3 Explain how the lac operon allows a bacterium to make lactose-digesting enzymes
only when lactose is present. [4]

3.4 Explain how gibberellin switches on genes by acting on DELLA proteins. [2]
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Solutions
Each answer shows the steps, then the result.

2.1

• a structural gene codes for a (useful) protein such as an enzyme; a regulatory gene
controls whether other genes are switched on

2.2

• an enzyme that is made only when it is needed (e.g. when its substrate is present)

3.1 B

• With no lactose, the repressor binds the operator and blocks transcription

3.2 B

• A transcription factor binds DNA and increases or decreases the rate of transcription

3.3

• when no lactose is present, the repressor binds the operator and blocks transcription,
so no enzymes are made; when lactose is present, it binds the repressor and removes
it from the operator; transcription can now occur, so the lactose-digesting enzymes
are made

3.4

• gibberellin causes the breakdown of DELLA protein repressors; these normally block
the transcription factors, so removing them lets the genes be transcribed/expressed

3.5

(a)

• A structural gene codes for a protein used by the cell – here lacZ, coding for β-
galactosidase; a regulatory gene codes for a protein that controls the transcription of
other genes – here lacI, coding for the repressor

(b)

• The regulatory gene is transcribed and the repressor protein is made; the repressor
binds to the operator region; this blocks RNA polymerase from moving along the
structural genes, so no mRNA and no enzyme are made

(c)

• Lactose acts as the inducer: it binds to the repressor and changes its shape so that
it can no longer bind to the operator; RNA polymerase is then free to transcribe
the structural genes and the enzymes are made. They are inducible because they are
produced only when their substrate is present to switch them on
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A-Level Biology

Exercises 3.3·3.4

2 Practice
2.1 State the difference between a structural gene and a regulatory gene. [2]

2.2 State what is meant by an inducible enzyme. [1]

3 Exam-style questions
3.1 In the lac operon, when no lactose is present, the repressor protein: [1]

A is broken down
B binds the operator and blocks transcription
C is transcribed into mRNA
D binds the lactose-digesting enzymes

3.2 What is the role of a transcription factor in a eukaryotic cell? [1]

A to replicate DNA
B to bind DNA and control the rate of transcription
C to translate mRNA
D to break down glucose

3.3 Explain how the lac operon allows a bacterium to make lactose-digesting enzymes
only when lactose is present. [4]

3.4 Explain how gibberellin switches on genes by acting on DELLA proteins. [2]
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Exercises 3.3·3.4
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Each answer shows the steps, then the result.

2.1

• a structural gene codes for a (useful) protein such as an enzyme; a regulatory gene
controls whether other genes are switched on

2.2

• an enzyme that is made only when it is needed (e.g. when its substrate is present)

3.1 B

• With no lactose, the repressor binds the operator and blocks transcription

3.2 B

• A transcription factor binds DNA and increases or decreases the rate of transcription

3.3

• when no lactose is present, the repressor binds the operator and blocks transcription,
so no enzymes are made; when lactose is present, it binds the repressor and removes
it from the operator; transcription can now occur, so the lactose-digesting enzymes
are made

3.4

• gibberellin causes the breakdown of DELLA protein repressors; these normally block
the transcription factors, so removing them lets the genes be transcribed/expressed

3.5

(a)

• A structural gene codes for a protein used by the cell – here lacZ, coding for β-
galactosidase; a regulatory gene codes for a protein that controls the transcription of
other genes – here lacI, coding for the repressor

(b)

• The regulatory gene is transcribed and the repressor protein is made; the repressor
binds to the operator region; this blocks RNA polymerase from moving along the
structural genes, so no mRNA and no enzyme are made

(c)

• Lactose acts as the inducer: it binds to the repressor and changes its shape so that
it can no longer bind to the operator; RNA polymerase is then free to transcribe
the structural genes and the enzymes are made. They are inducible because they are
produced only when their substrate is present to switch them on
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A-Level Biology

Exercise 3.5 (a)

3.5 In Escherichia coli the lac operon controls the enzymes that break down lactose.

(a) Distinguish between a structural gene and a regulatory gene, using the lac operon as
your example. [3]

(b) Describe what happens at the operon when no lactose is present. [3]

(c) Describe what happens when lactose is present, and explain why the enzymes are
described as inducible. [4]

(d) Explain the advantage to the bacterium of controlling these genes in this way. [2]

A-Level Biology • 16.3 Gene control 4
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A-Level Biology

Exercise 3.5 (b)

3.5 In Escherichia coli the lac operon controls the enzymes that break down lactose.

(a) Distinguish between a structural gene and a regulatory gene, using the lac operon as
your example. [3]

(b) Describe what happens at the operon when no lactose is present. [3]

(c) Describe what happens when lactose is present, and explain why the enzymes are
described as inducible. [4]

(d) Explain the advantage to the bacterium of controlling these genes in this way. [2]
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• Lactose acts as the inducer: it binds to the repressor and changes its shape so that
it can no longer bind to the operator; RNA polymerase is then free to transcribe
the structural genes and the enzymes are made. They are inducible because they are
produced only when their substrate is present to switch them on
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Exercise 3.5 (c)

3.5 In Escherichia coli the lac operon controls the enzymes that break down lactose.

(a) Distinguish between a structural gene and a regulatory gene, using the lac operon as
your example. [3]

(b) Describe what happens at the operon when no lactose is present. [3]

(c) Describe what happens when lactose is present, and explain why the enzymes are
described as inducible. [4]

(d) Explain the advantage to the bacterium of controlling these genes in this way. [2]
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Solutions
Each answer shows the steps, then the result.

2.1

• a structural gene codes for a (useful) protein such as an enzyme; a regulatory gene
controls whether other genes are switched on

2.2

• an enzyme that is made only when it is needed (e.g. when its substrate is present)

3.1 B

• With no lactose, the repressor binds the operator and blocks transcription

3.2 B

• A transcription factor binds DNA and increases or decreases the rate of transcription

3.3

• when no lactose is present, the repressor binds the operator and blocks transcription,
so no enzymes are made; when lactose is present, it binds the repressor and removes
it from the operator; transcription can now occur, so the lactose-digesting enzymes
are made

3.4

• gibberellin causes the breakdown of DELLA protein repressors; these normally block
the transcription factors, so removing them lets the genes be transcribed/expressed
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Exercise 3.5 (d)

3.5 In Escherichia coli the lac operon controls the enzymes that break down lactose.

(a) Distinguish between a structural gene and a regulatory gene, using the lac operon as
your example. [3]

(b) Describe what happens at the operon when no lactose is present. [3]

(c) Describe what happens when lactose is present, and explain why the enzymes are
described as inducible. [4]

(d) Explain the advantage to the bacterium of controlling these genes in this way. [2]
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(d)

• Making enzymes costs amino acids and ATP, so producing them when there is no
lactose to digest would be wasteful; the bacterium makes them only when they can
be used, which gives it a selective advantage
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