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AREA OF STUDY 1 HOW IS INHERITANCE EXPLAINED?

7 Genotypes and
phenotypes

KEY KNOWLEDGE

In this topic you will investigate:

Genotypes and phenotypes
• the use of symbols in the writing of genotypes for the alleles present at a particular gene

locus
• the expression of dominant and recessive phenotypes, including codominance and

incomplete dominance
• proportionate influences of genetic material, and environmental and epigenetic factors, on

phenotypes

Source: VCE Biology Study Design (2022–2026) extracts © VCAA; reproduced by permission.

PRACTICAL WORK AND INVESTIGATIONS

Practical work is a central component of learning and assessment. Experiments and
investigations, supported by a practical investigation eLogbook and teacher-led videos,
are included in this topic to provide opportunities to undertake investigations and communicate
findings.
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7.1 Overview
Numerous videos and interactivities are available just where you need them, at the point of learning, in your
digital formats, learnON and eBookPLUS at www.jacplus.com.au.

7.1.1 Introduction

FIGURE 7.1 By studying the different characteristics of
pea plants, Gregor Mendel’s work founded the basis for our
current understanding of genes and alleles.

One of the most important areas of research
in biology focuses on how an organism’s
genes and alleles affect its physical
characteristics. This is still an area of
considerable research and there is much
debate over the relative contribution of
genetic and environmental factors towards
an organism’s physical make-up.

The pioneering work of Gregor Mendel with
pea plants in the mid-nineteenth century laid
the foundations for our current understanding
of how traits are inherited. We can now make
predictions about the characteristics of the
offspring based on the characteristics of the
parents and recognise different patterns of
how certain characteristics are expressed.
Modern genetics can now explain why
some characteristics may be very common
in a family and found in every generation,
whereas others may suddenly appear. In
addition, fascinating research has shown that events in someone’s lifetime could change the way their DNA is
expressed, and how this expression pattern is passed on to the next generation.

In this topic you will learn how geneticists use symbols to represent alleles of genes and how phenotypes are
expressed in a variety of different inheritance patterns. Finally, the contributions that genetic and environmental
factors have on the physical characteristics of an organism will be examined alongside epigenetic factors.
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7.2 Writing genotypes using symbols

KEY KNOWLEDGE

• The use of symbols in the writing of genotypes for the alleles present at a particular gene locus
Source: VCE Biology Study Design (2022–2026) extracts © VCAA; reproduced by permission.

7.2.1 Mendel’s contribution to genetics

BACKGROUND KNOWLEDGE: Mendel — the father of genetics

Gregor Mendel’s work on pea plants transformed our understanding of how characteristics are inherited across
generations. His work was based on careful observation and meticulous record keeping. Carried out over eight
years, his breeding experiments included starting from known parental traits. Mendel’s initial experiment tested
only one trait at a time (monohybrid cross). Once he recognised the pattern of inheritance for that trait, he
crossed plants that differed in two traits (dihybrid cross). This allowed him to recognise that each trait was
controlled by a pair of factors (such as yellow or green), and that each of these factors were retained across
generations, with one factor per gamete produced. Furthermore, these pairs of factors behaved independently of
other pairs of factors — this is the principle of independent assortment.

monohybrid cross a cross in
which alleles of only one gene
are involved

dihybrid cross a cross in which
alleles of two different genes are
involved

genotype both the double set of
genetic instructions present in a
diploid organism and the genetic
make-up of an organism at one
particular gene locus

phenotype an observable or
measurable characteristic of
an organism that is the product
of genetic and environmental
factors

For further information on Mendel’s experiments and results, and their significance to the scientific community,
please download the digital document.

FIGURE 7.2 Some of the variations in pea plants used by Mendel.
Dominant traits are underlined.

Trait Variations

Stem length

Seed (cotyledon) colour

Seed (cotyledon) shape

Tall Le

Yellow I

Round R

Short le

Green i

Wrinkled r

Resourceseses
Resources

Digital document Background knowledge: Mendel — the father of genetics (doc-36114)

7.2.2 What is a genotype?
A genotype is the underlying genetic make-up that determines an organism’s characteristics (or phenotype). A
genotype is:

• not visible — only its phenotypic effects can be seen or measured
• the combination of the particular alleles of a gene, or genes, that are present and active in a cell or in an

organism and determine a specific aspect of its structure or functioning.
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autosomal genes have two
copies of each gene located on
an autosome

Autosomal genes are those located on an autosome, found in both males and
females. While each type of organism shares identical genes, they may differ in
the specific alleles they possess. Each individual has two alleles for an autosomal
gene — one on each chromosome. As we learned in section 6.3.3, in diploid
organisms the genotype is usually written as a pair of alleles.

Figure 7.3 shows three different pairs of homologous chromosomes, each from
a different organism and displaying different combinations of alleles (or the
genotype). If the two alleles of a gene are identical — for example, CC — the
genotype (and the organism concerned) is said to be homozygous. If the two
alleles are different — for example, Cc— the genotype is described as heterozygous.

FIGURE 7.3 Different combinations of alleles (A and a) of a gene: the homozygous AA and aa, and the
heterozygous Aa

Homozygous

dominant

A A a a A a

HeterozygousHomozygous

recessive

homozygous a genotype at a
particular gene comprising of two
identical alleles; for example,
AA or aa

heterozygous a genotype at a
particular gene comprising of two
different alleles; for example, Aa

For example, each person has two copies of the ABO gene on their pair of number-9 chromosomes. However,
people may have different alleles of that gene; this can be expressed in the following ways:

• two copies of the i allele (homozygous)
• two copies of the IA allele (homozygous)
• two copies of the IB allele (homozygous)
• one copy of the IA allele and one copy of the IB allele (heterozygous)
• one copy of the IA allele and one copy of the i allele (heterozygous)
• one copy of the IB allele and one copy of the i allele (heterozygous).

The particular combination of alleles of a gene is that person’s genotype in terms of that gene.

The gametes produced by a homozygous person, such as genotype IAIA, will be identical, with all having the
same allele. The gametes produced by a heterozygous person, such as genotype IAIB, will be of two kinds, with
half having the IB allele and half having the IA allele.

• A genotype is the combination of the particular alleles of a gene or genes that are present and active in a cell
or in an organism.

• The genotype determines a specific aspect of the gene’s structure or functioning.
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Genotypes for genes on the sex chromosomes

FIGURE 7.4 The human sex chromosomes magnified
10 000 times. The X chromosome (left) is much larger
than the Y chromosome and carries about 800 genes; in
contrast, the Y chromosome carries about 50 genes.

The sex chromosomes (or allosomes) in mammals
are the X and the Y chromosomes. The DNA of
each chromosome contains genes, and because of
their size differences, the X chromosome has many
more gene loci than the Y chromosome (see
figure 7.4).

For genes on the X chromosome, females may be
either homozygous or heterozygous. Hemizygous
genotypes occur only in males for X-linked and
Y-linked genes. For these genes only, the genotype
of a normal male consists of just one allele
(hemi = half).

People have been aware for a long time that some
conditions, such as certain colour vision defects
and a blood-clotting disorder (haemophilia) that
occur in particular families, appear more often in
males than in females. This is because the genes
controlling colour vision and blood clotting are located on the X chromosome and are not represented on the
Y chromosome. To be affected, females must inherit two copies of the particular allele; however, males are
affected if they have just one allele, so they more commonly show the trait. This is discussed in more detail
in topic 8.

hemizygous the genotype
with respect to any gene
carried on either the X or the Y
chromosome, which comprises
just a single allele for each gene

Resourceseses
Resources

Video eLesson Genotypes (eles-4222)

Interactivity Genotypes (int-0668)

7.2.3 Writing a genotype
To write the genotype at a gene, we list the combination of alleles. Shorthand notation that uses variants of the
same letter(s) of the alphabet is used as follows:

• Where a gene has two phenotypic expressions or alleles — such as ‘trait present’ and ‘trait absent’, or
‘red’ and ‘white’ flower colour — symbols such as R and r or D and D´ might be used, depending on the
dominance relationship between the two alleles. Usually, the letter chosen relates to one of the phenotypic
expressions of the gene, such as R for red flower colour.

• Where a gene has multiple alleles, each having a different phenotypic expression, a common letter is still
used, but with the addition of superscripts — for example, IA, IB and i, or C, cb, cs and ca.

• Where a gene is on the X chromosome, the chromosome must be specified, with an allele in superscript.
For example, in a gene on the X chromosome related to colour blindness, XB may be the allele for
normal vision and Xb the allele for colour blindness. Females can be homozygous (XBXB or XbXb) or
heterozygous (XBXb). Males only have one allele, so can only have a hemizygous genotype (XBY or XbY).
No allele is assigned to the Y chromosome as that particular gene is not present.

To better understand this notation system, let’s look at some specific examples.

TOPIC 7 Genotypes and phenotypes 415
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dominant a trait that is expressed
in the heterozygous condition; also
a trait that requires only a single
copy of the responsible allele for its
phenotypic expression

recessive a trait that is not
expressed but remains hidden or
masked in a heterozygous organism

When using alleles, a dominant trait is represented by a capital letter and the
lowercase letter represents the allele from the recessive trait. Any letter can
be used to represent an allele. If using a letter that looks similar in upper and
lowercase, a line can be drawn above the lowercase letter when handwritten
to avoid confusion — for example, c.

CASE STUDY: Cystic fibrosis

Cystic fibrosis (CF) is a genetic disease that affects humans. The gene responsible is the cystic fibrosis
transmembrane conductance regulator (CFTR) gene and is located on chromosome number 7. The CFTR
gene encodes a transmembrane protein that is responsible for allowing chloride ions to move out of cells.
This transport of chloride ions helps control the movement of water in tissues that is necessary to produce
thin mucus. Mucus is a slippery substance that lubricates and protects the lining of the airways, digestive
system, reproductive system, and other organs and tissues. Sufferers of CF have a mutation in the CFTR gene
that produces a non-functioning transmembrane protein. This means their cells cannot transport chloride ions
properly, causing a thick, sticky mucus to build up in their lungs and the organs of the digestive system. This can
cause difficulty in breathing and enable infections to more easily develop.

CF is the most common inherited single-gene disorder seen in Caucasians of northern European descent, and
in their derived populations in Australia, Canada and New Zealand. It occurs equally in females and in males.
The incidence of CF in Caucasians is generally stated to be about 1 in every 2500 live births, but in other
populations — such as Asian and Pacific Islander populations — the incidence is much lower.

FIGURE 7.5 Cystic fibrosis produces a non-functioning transmembrane protein, which inhibits the transport
of chloride ions and causes a thick, sticky mucus to build up in the lungs and other organs.

Mucus blocks airways Mucus blocks pancreatic 

and bile ducts

q31.2

CF cannot be cured but the development of affected babies is carefully monitored; they are closely watched
for any bacterial infections of the lungs, which are rapidly treated. Other treatments include pancreatic enzyme
replacement and physiotherapy sessions to assist in removing the thick, sticky mucus from the lungs.

In the case of the CFTR gene, the allele that produces the normal transmembrane protein can be represented by
the letter C. If you have a mutation of the CFTR gene, it causes the disease, and so is represented by the letter c.
Remember that the CFTR gene is located on chromosome 7 and so each person, male or female, will have two
copies of the gene. Sufferers of the condition have the genotype cc because two defective alleles, one on each
chromosome 7, are needed to develop the disease. The letter C/c is chosen as it is the first letter of the disease.
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CASE STUDY: Fur colour in rabbits and multiple alleles

The colour of fur in rabbits is controlled by a gene that has multiple different alleles. This produces several
different colours (figure 7.6). Because the gene controls fur colour, we will assign the letter F for fur. The addition
of superscript letters to the common letter is used when multiple alleles of the gene are present. There are four
common alleles:

F — black or brown colour

Fch— chinchilla colouration (greyish colour)

Fh — Himalayan colouration (white body and dark ears, face, feet and tail)

f — albino (white colour)

Therefore, a black rabbit may have the genotype FF. Since the gene is on an autosome, all rabbits of either sex
will have two alleles for fur colour.

FIGURE 7.6 Colour variation in the fur of rabbits. The variation is a result of multiple alleles for the same gene.
a. Black colouration, F b. Chinchilla colouration, F ch c. Himalayan colouration, F h d. A lbino colouration, f

a. b. c. d.

SAMPLE PROBLEM 1 Choosing symbols for alleles
tlvd-1800

Eye colour in some species of terrestrial animals is controlled by one gene with multiple alleles.
There are four possible colours: red, green, black and grey. Choose suitable symbols for each eye
colour allele. (1 mark)

THINK WRITE

1. Look carefully at what the question is asking. Is the
characteristic controlled by one gene with multiple
alleles or is it a case of trait present/trait absent?

In this example, eye colour is controlled by
one gene with multiple alleles.

2. Choose a capital letter based on the characteristic. The characteristic is ‘eye colour’, therefore the
capital letter E is chosen.

3. Use superscript letters to distinguish between the
different types of characteristic.

ER is used for red eye, EG is used for green
eye, EB is used for black eye and EGR is used
for grey eye (1 mark).

Resourceseses
Resources

eWorkbook Worksheet 7.1 Writing genotypes (ewbk-7229)
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KEY IDEAS

• The combination of alleles for a particular gene makes up an organism’s genotype.
• Where a trait is either absent or present, a capital letter and corresponding lowercase letter are used to

represent the genotype.
• If multiple alleles exist for a gene, superscript letters are added to capital or lowercase letters.

7.2 Activities
To answer questions online and to receive immediate feedback and sample responses for every question go to
your learnON title at www.jacplus.com.au.

7.2 Quick quiz 7.2 Exercise 7.2 Exam questions

7.2 Exercise

1. Define the term genotype.
2. Explain why diploid organisms will have a genotype that is composed of two alleles for a particular gene.
3. What is the advantage of using symbols to represent genotypes over words or terms?
4. In fruit flies (Drosophila melanogaster), body colour is controlled by a single gene with two alleles. Brown body

colour is dominant to black body colour. Choose suitable symbols for each body colour allele.
5. Height in tomato plants is controlled by one gene. All tomato plants are either ‘tall’ or ‘dwarf’ type. Tall is

dominant to dwarf. Choose suitable symbols for the ‘tall’ allele and ‘dwarf’ allele.
6. Galactosemia is a rare genetic condition that affects an individual’s ability to metabolise the sugar

galactose properly. If untreated it can lead to loss of coordination and reduction in bone density.
In order to suffer from the condition, an individual must have two copies of the disease allele.
a. Using suitable allele symbols, give the genotype(s) of a sufferer of galactosemia.
b. Using suitable allele symbols, give the genotype(s) of a non-sufferer of galactosemia.

7.2 Exam questions

Question 1 (1 mark)

MC Consider the gene for height in the tomato plant, where the D allele codes for a tall plant, while d codes for
a dwarf plant.

With respect to the height gene, it is correct to state that in a tomato plant
A. the dwarf trait is dominant to the tall trait.
B. there is one copy of D or d in each of its somatic cells.
C. the D allele has the same DNA nucleotide sequence as the d allele.
D. the only possible allele combinations are DD, Dd or dd.

Question 2 (1 mark)

MC In cats, one gene with alternative alleles influences coat colour, with black coat colour being dominant
to grey.

Appropriate symbols to denote these alleles would be

black (B) and grey (g).A. black (b) and grey (g).B.
black (B) and grey (b).C. black (B1) and grey (B2).D.

Question 3 (1 mark)

MC The gene for seed colour in the common edible pea (Pisum sativum) is autosomal. It has two
alleles: G and g.

What is the genotype of a pea plant that is heterozygous for seed colour?
A. Gg B. XGXg C. GG or gg D. XGY or XgY

418 Jacaranda Nature of Biology 1 VCE Units 1 & 2 Sixth Edition

PAGE PROOFS



“c07GenotypesAndPhenotypes_PrintPDF” — 2021/5/26 — 16:38 — page 419 — #9

Question 4 (1 mark)

MC For the two sexes of a mammal, all possible genotypes for a gene with two alleles (A and a) can
appropriately be identified as
A. homozygous AA or aa in males for an autosomal gene.
B. AA, Aa and aa in males for an X-linked trait.
C. homozygous XaXa or XAXA in females for an X-linked trait.
D. homozygous AA or aa, or heterozygous Aa, in females for an autosomal gene.

Question 5 (1 mark)
Source: VCAA 2008 Biology Exam 2, Section B, Q3b

Another gene associated with blood groups has the alleles H (H substance) and h (lack of H substance). The
pathway involved can be summarised as follows.

mucopolysaccharide precursor

in the presence of

at least one H allele
H substance

Write the genotype of an individual who fails to produce H substance.

More exam questions are available in your learnON title.

7.3 Expression of dominant and recessive phenotypes

KEY KNOWLEDGE

• The expression of dominant and recessive phenotypes, including codominance and incomplete dominance
Source: VCE Biology Study Design (2022–2026) extracts © VCAA; reproduced by permission.

7.3.1 What is a phenotype?

 environment the external
conditions (both biotic and
abiotic factors) that surround
and affect an organism

A phenotype is the observable or measurable characteristics of an organism. It is a
product of the genotype and the environment.

For example, in section 7.2.3 we learned about cystic fibrosis being caused by a
mutation to the CFTR gene, which codes for a non-functioning transmembrane
protein. If a person has the genotype cc— that is, two alleles for the non-functioning transmembrane protein —
their phenotype will be a sufferer of cystic fibrosis because this is an observable characteristic. If they have at
least one copy of the functioning CFTR gene, their phenotype will be non-sufferer.

Figure 7.6 shows several different phenotypes of rabbit fur. In this case, a genotype of FchFch will produce the
phenotype of chinchilla colouration (greyish colour). Again, this colouration is an example of a phenotype as it
is an observable or measurable characteristic.

• A phenotype is an observable or measurable characteristic in an organism that is the result of its genotype
and its environment.

• It is an observable expression of the organism’s genotype.

TOPIC 7 Genotypes and phenotypes 419
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Other examples of phenotypes include:
• short leg length and normal leg length in sheep (Ovis aries) (figure 7.7a)
• blood types A, B, AB and O in humans
• purple, white and yellow kernel colour in corn (Zea mays) (section 6.3.3; figure 6.14b)
• red, green, orange and yellow fruit colours in capsicums (section 6.3.3; figure 6.15)
• beaked, round, flattened and elongated fruit shapes in tomatoes (Solanum lycopersicum) (figure 7.7b)
• presence and absence of fur and eye pigment in kangaroos (Macropus spp.)
• ability and inability to differentiate between the colours red and green in humans
• requirement or non-requirement for the amino acid arginine for growth in yeast (Saccharomyces
cerevisiae).

FIGURE 7.7 Examples of phenotypes include a. leg length in sheep, with the abnormally short legs of an Ancon
sheep seen here in comparison with the normal leg length, and b. shape and colours of tomato fruits.

a. b.

CASE STUDY: Phenotype differences in prokaryotes

FIGURE 7.8 Results of antibiotic sensitivity
testing of various antibiotics against two
strains of bacteria. Areas of no growth
around a disk show that a bacteria is
sensitive to the antibiotic.

Phenotypic differences can be seen not only in eukaryotic
species, but also in microbial species. One significant
phenotypic difference that affects human health is the
emergence of resistance to antibiotics in many bacterial
species. For example, Staphylococcus aureus (also known
as golden staph) includes some strains that are sensitive to
one or more antibiotic drugs and some that are resistant to
virtually all the current useful antibiotics. These antibiotics
include methicillin, which interferes with the synthesis of a
component of the bacterial cell wall,and erythromycin and
streptomycin, which attack the bacterial ribosomes.

Different strains of one bacterial species, as well as different
bacterial species, can be distinguished as being either drug-
sensitive or drug-resistant using antibiotic sensitivity testing
(see figure 7.8). In this test, a specific bacterial species is
allowed to grow across the surface of a gel in a Petri dish.
The gel contains all the nutrients required for growth and the
bacterial growth appears as a white film. Discs impregnated
with different antibiotics (or with different concentrations of the same antibiotic) are placed on the plate and the
antibiotic will diffuse from the disc into the gel. If the bacteria are sensitive to the antibiotic on a disc, the bacteria
in the area will die, and this appears as a clear area around the disc.
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Resourceseses
Resources

Video eLesson Phenotypes (eles-4223)

7.3.2 Relationship between expression of alleles
If you are simultaneously given two instructions that are mutually exclusive, such as ‘Turn left at the next
corner!’ and ‘Turn right at the next corner!’, you can carry out only one of these instructions. However, for two
other instructions, such as ‘Paint the door yellow’ and ‘Paint the door red’, you might carry out both instructions
by producing a bicoloured yellow and red door. Or you might mix the colours and produce an orange door.
Similar situations can be recognised for the phenotypes produced by genes.

Complete dominance
As we learned in section 7.2.3 in the Case study of cystic fibrosis (CF), there are two alleles for the CFTR
gene — one that codes for a working transmembrane protein, represented by the notation C, and another that
codes for a faulty protein, represented by the notation c.

A person with the heterozygous Cc genotype has two mutually exclusive genetic instructions, but such a person
produces an active transporter protein and can produce normal mucus secretions, and so is free of cystic fibrosis.
From this, we can conclude that the disease-free condition with normal mucus secretions is dominant to cystic
fibrosis with abnormal thick mucus. The relationship between the alleles of the CFTR gene are shown in
table 7.1. Note that a person with the cc genotype can produce only an inactive abnormal transporter protein and
so has cystic fibrosis.

TABLE 7.1 Relationship between alleles of the CFTR gene

Genotype Phenotype

Homozygous CC Normal mucus (unaffected)

Heterozygous Cc Normal mucus (unaffected)

Homozygous cc Thick, sticky mucus (cystic fibrosis)

In this case, the production of normal mucus (being unaffected by CF) is referred to as dominant. In dominant
traits, only one allele is required to express the trait (as seen in table 7.1). Recessive traits need two copies of a
specific allele in order to be expressed. If an allele for a dominant trait is present, it masks the recessive trait. In
this example, we say that unaffected is dominant to cystic fibrosis.

To decide whether a trait is dominant or recessive, the phenotype of a heterozygous organism is identified. The
trait that is expressed in this phenotype is the dominant trait.

Alleles that control dominant traits are usually symbolised by a capital letter; for example, the allele S controls
the dominant trait of short fur length in cats. Alleles that control recessive traits are symbolised by the same
letter in lowercase; for example, the allele s controls the recessive trait of long fur length in cats.

Some additional examples of dominant and recessive traits are shown in figure 7.9 and table 7.2.
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FIGURE 7.9 a. Widow’s peak hairline and straight hairline. A widow’s peak is dominant to a straight hairline. b. Two
parents with their seven sons and one daughter. Most show a widow’s peak hairline, which is an inherited trait.

Widow’s

peak trait

a.

Straight

hairline trait

b.

TABLE 7.2 Some dominant and recessive human traits. Alleles for dominant traits are shown with a capital letter
and those for recessive traits with a lowercase letter.

Dominant trait Recessive trait

Peaked hairline (widow’s peak) (W) (see figure 7.9) Straight hairline (w)

Free ear lobes (F) Attached ear lobes (f)

Mid-digital hair present (G) Mid-digital hair absent (g)

Shortened fingers (brachydactyly) (S) Normal length fingers (s)

Normal pigmentation (A) Pigmentation lacking (albinism) (a)

Non-red hair (R) Red hair (r)

Normal secretions (C) Cystic fibrosis (c)

Dwarf stature (achondroplasia) (N) Average stature (n)

Rhesus positive (Rh +ve) blood (D) Rhesus negative (Rh –ve) blood (d)

Being a carrier

carrier an organism that
has inherited an allele for a
recessive genetic trait but usually
does not display that trait or show
symptoms of the disease

In genetics, the term carrier refers to a heterozygote that has the allele for a recessive
trait but does not show the trait in their phenotype. In people, alleles may be carried
for hidden recessive traits that do not affect normal functioning, such as straight
hairline (figure 7.9) and blood type O. However, some alleles that are carried by
heterozygotes are for recessive disorders, such as cystic fibrosis or albinism
(table 7.2).

Heterozygotes are most often not aware of their carrier status for an allele controlling a recessive trait. Parents
may realise they are carriers only when they have a baby with a recessive disease. Parents of children with cystic
fibrosis may have been unaware that they were both genotype Cc, and so were carriers of an allele that resulted
in the disease, until their child was born.

Heterozygotes carry alleles for recessive traits, but their effects are not expressed.

422 Jacaranda Nature of Biology 1 VCE Units 1 & 2 Sixth Edition
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Codominance
Codominance is when a heterozygote expresses both the dominant and the recessive trait of a gene in its
phenotype. This is a type of partial dominance.

codominance the relationship
between two alleles of a gene
such that a heterozygous
organism shows the expression
of both alleles in its phenotype

Codominance examples can be found throughout the plant and animal kingdoms.
For example, the gene that controls flower colour in rhododendron plants has
multiple alleles. The allele for red flowers (CR) is codominant to white (CW).
When a homozygous red-flowered plant (CRCR) is crossed with a homozygous
white-flowered plant (CWCW), a plant with both red and white flowers will be
produced (CRCW) (figure 7.10).

FIGURE 7.10 Codominance in rhododendron plants a. A red-flowered plant CRCR crossed with b. a
white-flowered plant CWCW produces c. a red-and-white-flowered plant CRCW .

CR CR

a.

CW CW

b.

CR CW

c.

CASE STUDY: Codominance in blood

FIGURE 7.11 Blood is typed depending upon
which antigens occur on the surface of red
blood cells.

Blood type A

A antigen

Blood type B

B antigen

Blood type AB
AB antigen

Blood type O

No antigens

The ABO gene, located on the number-9 chromosome, has
three alleles that determine antigen production. Antigen A
and antigen B occur on the surface of the red blood cells
of some people. Depending on which antigens are present,
blood is typed as group A, B, AB or O (figure 7.11). The
presence (or absence) of a particular antigen is inferred
by adding specific antibodies and observing the result
(see figure 7.12). Antibodies used to type blood are anti-A
antibodies and anti-B antibodies. Anti-A antibodies cause
clumping or agglutination of red blood cells with antigen A.
Anti-B antibodies cause clumping of red blood cells with
antigen B.

Look at the reaction of the blood sample in column 3 of
figure 7.12.

• When anti-A antibodies were added the blood
clumped, so the red blood cells have antigen A
and the allele IA.

• When anti-B antibodies were added the same sample also clumped, so the red blood cells have antigen B
and must also have the allele IB.
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This genotype is heterozygous IAIB. Because both traits are expressed in the heterozygote, these two alleles
show codominance. Alleles showing codominance are denoted by a capital letter with a superscript added to
distinguish between them. Table 7.3 shows that the phenotypic actions of both the IA and IB alleles are dominant
to the action of the i allele, and so blood group O is recessive to the other blood types.

FIGURE 7.12 The addition of specific antibodies to blood samples causes cells to ‘clump’ or agglutinate
when the corresponding antigen is present on the surface of the red blood cells.

1 2 3 4 5

Anti-A

Anti-B

Anti-A

+

Anti-B

TABLE 7.3 Relationship between genotypes and phenotypes for the ABO gene. What relationship exists
between the IA and the IB alleles? What relationship exists between the IB and the i alleles?

Genotype Instructions carried by alleles Phenotype

Homozygous IAIA ‘Produce antigen A’ Blood type A

Homozygous IBIB ‘Produce antigen B’ Blood type B

Homozygous ii ‘Produce neither antigen A nor B’ Blood type O

Heterozygous IAIB ‘Produce antigen A’ and ‘produce antigen B’ Blood type AB

Heterozygous IAi ‘Produce antigen A’ and ‘produce neither antigen’ Blood type A

Heterozygous IBi ‘Produce antigen B’ and ‘produce neither antigen’ Blood type B

Resourceseses
Resources

Video eLesson Codominance (eles-4224)

Incomplete dominance

incomplete dominance the
appearance in a heterozygote of
a trait that is intermediate between
either of the trait’s homozygous
phenotypes

Prior to Mendel’s work, the common belief was that all characteristics were blended.
Mendel showed that this was not the case and that some traits were dominant
over other recessive ones. However, blending of characteristics does occur for the
heterozygotes of both animals and plants for some characteristics, and this is known
as incomplete dominance.
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In humans, incomplete dominance is seen in hair type — straight, curly or wavy hair.
• HSHS genotype are individuals with straight hair.
• HCHC genotype are individuals with curly hair.
• HSHC genotype are individuals who inherit one straight and one curly allele, and have an intermediate hair

shape between straight and curly, or a blend of the two shapes, producing wavy hair (figure 7.13).

FIGURE 7.13 Human hair shape with corresponding genotypes. Wavy hair HSHC is
an intermediate form of straight HSHS and curly HCHC.

HsHs HsHc HcHc

a. b. c.

FIGURE 7.14 Snapdragon
plants. What is the genotype for
colour for each plant shown?

Incomplete dominance can also be observed in plants. A good example
is exhibited when looking at snapdragons (Antirrhinum majus), where
multiple alleles control flower colour.

• CRCR genotype is a red-flowered snapdragon plant.
• CWCW genotype is a white-flowered snapdragon plant.
• CRCW genotype is the genotype produced by the cross of a

red-flowered snapdragon plant with a white-flowered snapdragon
plant. It produces an intermediate form with a blend of the
two colours — that is, a pink-flowered snapdragon (figure 7.14).

By understanding whether traits are inherited in a codominant or
incomplete dominant manner, plant breeders and horticulturalists can
intentionally breed certain plants together to create a huge amount of
variety not only in flower colour, but for other traits too.

elog-0792
INVESTIGATION 7.1

Comparing phenotypes

Aim

To compare phenotypes with other members of the class and determine the genotype of traits based on these
phenotypes
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SAMPLE PROBLEM 2 Determining dominance patterns
tlvd-1759

Gregor Mendel carried out many experiments breeding tall pea plants with small, or dwarf, pea
plants. He found that the offspring were always either tall or small. Explain what this shows about
the dominance pattern for size in the pea plants. (2 marks)

THINK WRITE

1. Look carefully at what the question is asking.
Dominance pattern refers to whether the
alleles involved are inherited in a complete
dominant, codominant or incomplete dominant
manner. Now, examine the characteristics of
the offspring.

All the offspring are either tall or small.

2. Are any of the offspring of an intermediate
form?

The offspring are not an intermediate form of their
parents — they are only tall or small. They do not
display incomplete dominance.

3. Do they display both characteristics of the
parents?

They cannot display both characteristics of tall and
small. They do not display codominance (1 mark).

4. Determine the dominance pattern. Size in pea plants must be of a complete dominance
pattern (1 mark).

Resourceseses
Resources

eWorkbook Worksheet 7.2 Dominant and recessive phenotypes (ewbk-7231)
Worksheet 7.3 Codominance and incomplete dominance (ewbk-7233)

Interactivities Generating the phenotypes (int-0178)

Making families (int-0681)

KEY IDEAS

• A phenotype is an observable or measurable characteristic of an organism determined by the genotype and the
environment.

• Alleles are expressed through various dominance patterns.
• Completely dominant traits are expressed over recessive traits in an organism’s phenotype. This can be seen in

heterozygous individuals.
• Codominant traits are expressed together, and both alleles contribute towards the phenotype.
• Incomplete dominance refers to an intermediate or blending of parental characteristics in the offspring’s

phenotype.
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7.3 Activities
To answer questions online and to receive immediate feedback and sample responses for every question go to
your learnON title at www.jacplus.com.au. A downloadable solutions file is also available in the resources tab.

7.3 Quick quiz 7.3 Exercise 7.3 Exam questions

7.3 Exercise

1. Using table 7.2, state the genotype of an individual with red hair.
2. Explain why a carrier for cystic fibrosis is not a sufferer of the disease.
3. Cattle with white coats can be bred with cattle with red coats. This produces offspring with the genotype

CRCW, which means they have a red-and-white coat. State what type of inheritance this displays. Justify your
answer.

4. If a horse with a cream coat breeds with a horse with a red coat, offspring with a palomino or buckskin coat,
which is golden/yellowish in colour, are produced. Explain what this shows about the dominance pattern for
coat colour in horses.

5. Fur colour in rabbits is controlled by multiple alleles. F — black or brown colour is dominant over
Fch— chinchilla colouration (greyish colour), which in turn is dominant over Fh — Himalayan colouration (white
body and dark ears, face, feet and tail), which is again dominant over f — albino (white colour).
a. State the genotype of an albino rabbit.
b. Give all possible genotypes of a rabbit with chinchilla colouration.

6. Suggest why it is important that doctors know the phenotype of their patient’s blood.
7. a. Using the table, identify — as fully as possible and including the sexes — the phenotypes that correspond to

the following genotypes:

Ddi. IAiii. aaiii. XhY.iv.

TABLE Some human genes and their common alleles. Note that for alleles for X-linked genes, the X
chromosome notation has been omitted for simplicity.

Gene and its function
Chromosomal

location Common alleles

ABO Encodes A B antigens 9 IA

IB

i

Produces antigen A
Produces antigen B
Produces neither antigen

CBD Encodes green-sensitive
pigment

X V
v

Produces green-sensitive pigment
Lacks pigment (colour vision defect)

DMD Encodes muscle protein
(dystrophin)

X M
m

Produces normal muscle protein
Produces abnormal muscle protein

F8 Encodes factor VIII
blood-clotting protein

X H
h

Produces factor VIII
No factor VIII (haemophilia)

HBB Encodes beta chains of
haemoglobin

11 T
t

Produces beta chains
Beta chains missing (thalassaemia)

RHD Encodes Rhesus D
antigen

 1 D
d

Rhesus positive
Rhesus negative

TYR Encodes tyrosinase
enzyme

11 A
a

Produces tyrosinase enzyme
No enzyme (albinism)

b. Using the allelic notation in the table, write possible genotypes for the following persons:
i. A male hemizygous for red–green colour blindness
ii. A male with normal beta chains but whose child has thalassaemia
iii. A female carrier of Duchenne muscular dystrophy
iv. A female homozygous for Rhesus positive blood type
v. A male with group O blood type
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7.3 Exam questions

Question 1 (1 mark)

MC In humans, the CBD gene controls colour vision. The gene locus is on the X chromosome. There are two
alleles, XB and Xb. Consider two individuals with the following phenotypes:

• Individual 1 is a male with normal colour vision.
• Individual 2 is a male with defective colour vision.

From this information it can be stated that
A. normal colour vision is recessive to defective colour vision.
B. there are three possible genotypes in males with respect to the CBD gene.
C. individuals 1 and 2 are both homozygous at the CBD locus.
D. the phenotype of a heterozygous female will confirm the dominant phenotype.

Question 2 (1 mark)

MC In humans, the TYR gene produces the enzyme tyrosinase. Tyrosinase controls pigment production. People
who lack tyrosinase cannot produce pigment. They have albinism and have no pigmentation in their hair, skin or
eyes. There are two alleles for the TYR gene: A and a. Heterozygotes for TYR can produce tyrosinase and have
normally pigmented skin, hair and eyes.

From this information it can be concluded that
A. albinism is dominant over normal pigmentation.
B. albinism is recessive to normal pigmentation.
C. production of tyrosinase is needed to show albinism.
D. the genotype of an albino is AA.

Question 3 (1 mark)
Source: VCAA 2006 Biology Exam 2, Section B, Q1a

In humans the presence of a dimple in the chin is dominant. The first child of a couple, each with a dimple, does
not have a dimple but their second child does have a dimple.

Use alleles D and d to show the genotype corresponding to the phenotype of the parents and the child without
a dimple.

genotype of parents:

genotype of child without a dimple:

Question 4 (1 mark)

MC Stem texture in tomatoes is controlled by one gene with two alleles, smooth and rough, with smooth being
dominant to rough.

Based on this information, which of the following is the most reasonable conclusion?
A. Rough-stemmed plants would have one of two possible genotypes.
B. Smooth-stemmed plants would have one of two possible genotypes.
C. All rough-stemmed plants are heterozygous.
D. All smooth-stemmed plants are heterozygous.

Question 5 (3 marks)

In the tomato (Lycopersicon esculentum), red fruit colour is dominant to yellow fruit colour. The gene for fruit
colour is autosomal.
a. Assign allele symbols of your choice to represent the two alleles for the fruit colour gene and state clearly

which symbol represents each allele. 1 mark
b. With respect to fruit colour in the tomato, what is the:

i. genotype of a heterozygote 1 mark
ii. phenotype of a heterozygote? 1 mark

More exam questions are available in your learnON title.
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7.4 Influences on phenotypes of genetic material, and
environmental and epigenetic factors

KEY KNOWLEDGE

• Proportionate influences of genetic material, and environmental and epigenetic factors, on phenotypes
Source: VCE Biology Study Design (2022–2026) extracts © VCAA; reproduced by permission.

7.4.1 The environment and phenotypes
Do you know any identical twins? If so, do they look absolutely identical? Most people who do know identical
twins have usually developed some way to tell them apart. This is because the phenotype of an individual is not
always produced by the genotype alone. In some cases, the phenotype is a result of the interaction between the
genotype and environment.

Genotype + environment → phenotype

Many environmental factors, both external and internal, act on an organism so that its final phenotype is due to
varying contributions of genotype and environment.

The phenotype due to a particular genotype may appear only in one specific environment. In a different
environment, another phenotype may appear. Let’s examine some examples of how environmental factors can
affect the phenotype.

CASE STUDY: PKU and dietary-controlled phenotype

The inherited disorder phenylketonuria (PKU) results from the action of the gene that controls production of
an enzyme known as phenylalanine hydroxylase. Babies that inherit the homozygous recessive genotype pp
from their parents cannot produce this enzyme. If these babies are fed diets including proteins that contain
normal quantities of the amino acid phenylalanine (Phe), the babies will suffer brain damage and be severely
developmentally delayed. Therefore, early diagnosis is critical. Brain damage can be prevented in these babies —
and they will show a normal phenotype — if they are fed a special diet that includes proteins with very low levels
of Phe.

In this case, the phenotype of a child (PKU or normal) with genotype pp depends on the internal environment that
is controlled by the diet:

Genotype pp + HIGH Phe diet → phenotype: PKU

Genotype pp + LOW Phe diet → phenotype: normal

CASE STUDY: Acid-sensitive colouration in plants FIGURE 7.15 The colour of a hydrangea
varies with soil pH.Hydrangea plants (figure 7.15) produce blooms with colours

that depend on the acidity or alkalinity (pH) of the soil in which
they are growing. The colour is due to pigments known as
anthocyanins, which are located in membrane-bound sacs
within the petal cells. In soil with an acidic pH these pigments
are a bright blue, while at alkaline pH they are a pink or red.
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CASE STUDY: Temperature-sensitive colouration in mammals

At birth, the Siamese kittens shown in figure 7.16a were all white. A few weeks later the kittens began to
develop pigmentation along the edges of their ears. Gradually the pigment spread until the kittens showed
the characteristic Siamese cat colouring on their faces, ears, feet and tails. This pattern of colour change is due
to an interaction between the cats’ genotypes and their environment.

Siamese cats have a particular form of a gene that codes for the production of tyrosinase. This enzyme catalyses
one step in the production of pigment:

precursor
tyrosinase−−−−−−→ pigment

In Siamese cats, the particular form (allele) of this gene produces a tyrosinase enzyme that is heat-sensitive.
This enzyme can catalyse the step in the production of pigment when the temperature is lower than the core
body temperature only. Siamese kittens undergo embryonic development in a warm uterine environment and so
are born unpigmented (white). Pigment appears first on the coolest parts of their bodies — the ear margins —
and then on other extremities (figure 7.16b).

FIGURE 7.16 a. Red point and seal point Siamese kittens. What colour were they at birth? b. Temperature-
sensitive colouration develops after birth.

a. b.
Cooler

Cooler

Warmer

7.4.2 Epigenetics: above genetics

epigenetics the study of changes in
organisms caused by modifications
of gene expression rather than
alteration of the genetic code itself

epigenetic inheritance the
inheritance of epigenetic tags across
generations

The term epigenetics literally means ‘above genetics’, ‘in addition to genetics’ or ‘on top of genetics’
Epigenetics is the study of how cells with identical genotypes can show different phenotypes.

These differences:
• are not due to differences in the base sequences of the DNA of their genes
• are stable within an organism
• in some cases can be transmitted across generations.

Hence, in addition to traditional Mendelian inheritance, another kind of inheritance
exists — namely, epigenetic inheritance.
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Epigenetic factors

epigenetic factors external
factors which change genes, but
not the base DNA sequence

methyl group a group of one
carbon atom bonded to three
hydrogen atoms (–CH3)

methylation the addition of
a methyl group (–CH3) to a
cytosine base of DNA, usually
to repress gene transcription

Epigenetics refers to all changes to genes — apart from changes
to their base sequences — that bring about phenotypic changes.
These changes can be brought about by epigenetic factors.
Such factors are external to DNA, but act on DNA and turn
genes permanently ‘on’ or ‘off’. Epigenetic factors may
underlie some of the differences seen in the phenotypes of
identical twins, since these differences cannot be explained by
differences in their genotypes.

Resourceseses
Resources

Weblink NASA Twins Study

FIGURE 7.17 As a result of his time on the
International Space Station, Scott Kelly’s
epigenetic factors are now different to that
of his identical twin, Mark.

Epigenetic factors can change how DNA in cells is packaged or how it is labelled.
• Packaging of DNA in cells may be tight or may be open (see subtopic 6.2).

Genes in segments of DNA that are tightly packaged are silenced, while genes
in segments of DNA with open packaging are active and translated into protein.

• Labelling DNA is like adding a ‘tag’ that does not alter the base sequences of
genes, but can either silence genes or make them active. Methyl groups (–CH3)
are one example of an epigenetic tag. The addition of methyl groups is called
methylation, and they can be added to any cytosine (C) base alongside a guanine
(G) base in DNA (see figure 7.18). Active genes are found to have fewer methyl
groups than inactive genes, so it appears that tagging genes by the addition of
methyl groups to their C–G bases can change gene expression and permanently
switch those genes ‘off’. This epigenetic mechanism is shown in figure 7.19.

FIGURE 7.18 The
addition of a methyl
group to a cytosine
base is an epigenetic
tag.

Cytosine

Methylated cytosine

H3C

FIGURE 7.19 DNA methylation tagging

Chromosome

Acetylation

Methylation

Epigenetic factors

DNA accessible =

gene active

DNA inaccessible =

gene inactive
Chromatin

Histone
Histone tail

The methyl group

only binds to cytosine
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Once established, epigenetic tags remain for the life of a cell and are transmitted to all daughter cells derived
from that cell. Usually they are not passed on to the next generation as typically the DNA of a fertilised egg is
cleared of the epigenetic tags. In some cases, however, the epigenetic tags on the DNA are not erased but instead
are conserved and passed to the next generation(s).

Examples of epigenetic inheritance
Cell differentiation

The cells of a human embryo, and later a foetus, are all derived from a single fertilised egg by a series of mitotic
cell divisions. During embryonic development, cells will develop along different pathways; for example, some
cells will differentiate as brain cells (neurons), some will develop into smooth muscle cells and some into liver
cells. All the various cell types — more than 200 cell types in total — have the same genotypes, but different
sets of genes are active in each cell type. Epigenetic factors produce the changes that start various stem cells
down different developmental paths.

FIGURE 7.20 All cells have the same genotype but epigenetic factors initiate the development of different cell
types.

Cardiac cells

Enterocytes

Fat cells

Red blood cells

ChondrocyteEpithelial cells

Neuron

Blastocyst

X-inactivation

The somatic cells of normal female mammals have two copies of the X chromosome. Early in embryonic
development, one of the X chromosomes in each somatic cell is inactivated, switching off all its genes. The
epigenetic tags that cause the inactivation of a particular X chromosome are transmitted to all the daughter cells
produced by subsequent mitotic cell divisions, so that the same X chromosome remains inactive.

Imprinted genes

Imprinted genes refers to those whose expression is affected by their parental origin. Children born with a small
deletion of one of their number-15 chromosomes will show one of two different phenotypes. The phenotype
displayed depends on whether the chromosome with the deletion came from the mother or from the father.
If from the father, the clinical phenotype displayed is that of Prader–Willi syndrome; if from the mother, the
clinical phenotype displayed is Angelman syndrome (see figure 7.21).
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FIGURE 7.21 a. People with Prader–Willi syndrome become constantly hungry from about the age of two
years old, which often leads to obesity and type 2 diabetes. b. People with Angelman syndrome have jerky
movements, smile frequently and laugh often.

a. b.

Chemical action

Vinclozolin is a commercial fungicide. If ingested by mammals, it interferes with sperm formation. In an
experiment, pregnant rats were injected with vinclozolin and, as expected, the male offspring produced reduced
numbers of sperm with lower than normal mobility. However, an interesting finding was that if these male rats
managed to mate, their sons showed the same defect, and this was then passed to males in the next generation.
The chemical did not cause a mutation of the DNA of the original male. What was observed in the three
generations of male rats was a change in the level of methylation of their DNA.

If chemicals such as vinclozolin have been shown to affect future generations of rats, could the same be
observed in humans? Research of this kind is much more difficult to conduct, but some studies have tried to
determine whether the diet and lifestyle of one generation could affect the health of the next. The Överkalix
study looked at three generations of people in Sweden from various families. Some interesting results
were found:

• A father’s poor food supply and a mother’s good food supply were associated with lower risks of
cardiovascular disease in their children.

• The body mass index of sons at 9 years old was higher if their fathers had started smoking early in life
(by age 11). In fact, their sons had an extra 5 to 10 kilograms of body fat by the age of 13 compared to sons
whose fathers started smoking later in life.

• When paternal grandparents ate a large quantity of food during their childhood, their grandsons had a
shorter lifespan by an average of six years, dying more often of cancer.

The exact reasons to explain each of these observations are still under investigation, and other lifestyle factors
including stress, alcohol consumption and physical activity are also thought to have effects on future generations
through the way the DNA is expressed. The environment of our immediate ancestors may impact our phenotype,
including traits relating to our health.

Resourceseses
Resources

eWorkbook Worksheet 7.4 The effects of environment on phenotype (ewbk-7235)
Worksheet 7.5 The effects of epigenetic factors on phenotype (ewbk-7237)

Video eLesson Epigenetics — switching genes on and off (eles-4210)

Weblink Epigenetics
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SAMPLE PROBLEM 3 Designing an experiment
tlvd-1760

There are four different species of flamingos, each with
a distinctive appearance. One area of significant variation
is seen in their feather colour, which can have a variety
of shades from white to pink. Scientists hypothesised that
concentration of carotenoids in the diet rather than the
genotype of the flamingos caused this variation in feather
colour. Design an experiment to test this hypothesis. (5 marks)

THINK WRITE

1. Determine the independent and dependent
variable in the investigation.

Independent variable: carotenoid concentration
Dependent variable: colour of flamingo feathers
(1 mark for identifying IV and DV)

2. Determine how you will measure your
dependent variable.

Dependant variable measurement: scoring colour of
feathers against a colour chart

3. Determine variables that need to be controlled. Variables to control: temperature, mass of food, time
of day to be fed, level of physical activity, flamingos
have same age range

4. Write a clear experimental method that is
reproducible, with identifiable quantities and
an obvious control of variables.

1. Select 50 individuals of a single flamingo species
and divide into five groups at random.

2. Score the feather colour of each flamingo against
a colour chart.

3. Feed each group of flamingos a specific
concentration of carotenoid for a particular
period of time; for example, six months.

4. After the designated period of time, score the
feather colour of each flamingo against a
colour chart.

5. Take a mean of each colour score from each of
the carotenoid concentration groups.

6. Compare the mean results to determine whether
significant colour change was observed in feather
colour at the start and end of the period.

7. Repeat the experiment with other flamingo
species (1 mark for reproducible method, 1 mark
for multiple trials/large sample size, 1 mark for
control of variables and 1 mark for measuring
the DV).

elog-0794
INVESTIGATION 7.2

Environmental influences on phenotypes

Aim

To investigate the influence of environmental conditions on the phenotypes of different organisms
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KEY IDEAS

• The phenotype of an organism can be the result of an interaction between its genotype and the environment.
• Epigenetics is the study of how cells with identical genotypes can show different phenotypes.
• Epigenetic factors act on DNA but do not change the base sequence.
• Methylation in DNA is one kind of epigenetic modification.
• Packaging of DNA is another means by which epigenetic factors can act.
• Epigenetic modifications may be inherited.

7.4 Activities
To answer questions online and to receive immediate feedback and sample responses for every question go to
your learnON title at www.jacplus.com.au. A downloadable solutions file is also available in the resources tab.

7.4 Quick quiz 7.4 Exercise 7.4 Exam questions

7.4 Exercise

1. Distinguish between the terms genotype and phenotype.
2. Describe how soil pH can produce different-coloured flowers in genetically identical hydrangea plants.
3. Give two examples of an epigenetic modification that can be transmitted across generations.
4. Explain how the addition of methyl groups could alter the expression of genes.
5. Bisphenol A (BPA) is an industrial chemical widely used in the production of common food and drink

containers. It has been suggested by some scientists that if animals, including humans, are exposed to BPA
in their diet, it may induce epigenetic changes of DNA due to methylation. These changes are hypothesised
to contribute to a range of conditions such as obesity, infertility and various cancers in offspring. Design an
experiment to determine whether BPA is linked to obesity.

6. The leaves of white oak trees (Quercus alba) can show two different phenotypes, as shown in the figures
provided.

Figure A Figure B

Further examination revealed that the leaves with the shape shown in figure a grow on areas of trees that are
exposed to full sunlight, while the leaves shaped as in figure b are located in areas shaded from the Sun.
a. Do the leaf cells on areas of the same tree exposed to sunlight have the same genotype as those growing in

shaded areas? Briefly explain.
b. Which of the following is the best biological explanation for the variation in leaf shape on the same tree?

i. The tree wants to increase the surface area of the shaded leaves in order to maximise photosynthesis.
ii. The phenotype of the leaves is due not only to the genotype, but is also influenced by an environmental

factor — namely, light intensity.
iii. The genotypes of the leaves change in response to the different environments in which the leaves are

growing.
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7. You are given the following information about a particular species of flowering plant:
• Flower colour in this plant species is under genetic control.
• Two flower colours, red and white, are seen in flowers of this plant.

a. Based on this information, identify a probable explanation for the inheritance of flower colour in this plant.
b. You are later told that, as well as white and red flower colours, other colours are seen in this plant species,

including pale pink, medium pink and intense pink. Given this additional information, how, if at all, would you
change your explanation for the inheritance of flower colour in this plant species?

8. ‘Epigenetic markers are always removed from the fertilised egg.’ Does evidence from the Överkalix study
support this hypothesis? Explain your answer.

7.4 Exam questions

Question 1 (1 mark)

MC DNA methylation and histone modification can produce
A. changes to the DNA sequences of the entire parental organism.
B. changes in how genes are switched ‘on’ and ‘off’, that can be passed to offspring.
C. changes to the DNA sequences of a grandparent.
D. new combinations of alleles.

Question 2 (1 mark)
Source: VCAA 2003 Biology Exam 2, Section A, Q22

MC In a group of organisms, individuals genetically identical at a particular single gene locus show a variety of
phenotypes for the trait.

It is reasonable to conclude that the variation in phenotypes for this trait is the result of
A. codominance.
B. polygenic inheritance.
C. environmental influences.
D. multiple alleles at the locus.

Question 3 (1 mark)
Source: VCAA 2014 Biology Exam, Section A, Q32

MC Flamingos are birds that live by lakes. The feather colour of flamingos may vary from white to pink to red. To
investigate the inheritance of feather colour, a scientist performed the following crosses and recorded the feather
colour of all the offspring when one year old. The diet of the offspring was also recorded.

Cross
Feather colour of

parents
Feather colour of all

one-year-old offspring Diet of offspring

1 white × white white aquatic plants

2 red × white white aquatic plants

3 white × white pink algae and crustaceans

4 red × white pink algae and crustaceans

Based on this information, a correct conclusion would be that
A. both the parents in cross 1 must be homozygous for white feather colour.
B. white feather colour is recessive to red feather colour.
C. the feather colour of flamingos is influenced by their environment.
D. two parents, both with pink feather colour, would produce one-year-old offspring with only pink feather colour.
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Question 4 (1 mark)

MC During the first four days of human embryonic development,
totipotent cells in the zygote and morula divide. These cells have the
potential to become any type of cell in the human body.

After day 4, the cells continue to divide and now they specialise into
the pluripotent cells of the mesoderm, endoderm and ectoderm in
the blastocyst.

From week 3, pluripotent cells continue dividing and now they
differentiate into multipotent cells of the nervous system, blood and
heart, muscle and other organ systems.

By week 9, the multipotent cells have differentiated further into all
the highly specialised cells that are needed to construct a human
baby.

Outer cells

(from placenta)
Inner cell mass

(forms embryo)

Blastocyst

(day 5)

Morula

(10–30 cells)

(day 4)

Embryonic cell differentiation is a result of genes switching ‘on’ and ‘off’ selectively in different cells, in response
to chemicals, nearby cell types and other factors in each cell’s environment.

Cell differentiation is an example of
A. epigenetic change.
B. genotypic change.
C. an inherited mutation.
D. a somatic cell mutation.

Question 5 (1 mark)

MC A gardener obtained six identical pots and filled them with soil. To each pot the gardener added a different
quantity of lime (calcium oxide) to alter the pH of the soil. In each pot he planted a stem-cutting, taken from the
same parent hydrangea plant.

The pots were kept in a well-lit area and watered regularly. The cuttings grew leaves, roots and branches. Several
months later, flowers appeared on all of the cuttings. The flowers in each pot had a different colour as shown in
the table.

pH of soil in pot Colour of hydrangea flowers

4.5 Deep, bright blue

5.0 Medium blue

5.5 Purple

6.0 Purplish-pink

6.8 Medium pink

7.0 Deep, bright pink

A logical conclusion from this information is that
A. acidic soils promote pink colour in hydrangea flowers.
B. the plant in each pot had a different genotype.
C. the difference in flower colour must be a result of genes switching ‘on’ or ‘off’.
D. if a hydrangea cutting from the same plant is grown in soil of pH 5.2 it would produce bluish-purple flowers.

More exam questions are available in your learnON title.
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7.5 Review
7.5.1 Topic summary

Genotypes and

phenotypes

Genotype

Phenotype

Symbols

representing

alleles and

genotypes

Homozygous — 

AA or aa

Heterozygous —

Aa

Hemizygous —

XAY

Relationships

between alleles

Complete

dominance

Codominant

(both alleles

expressed)

Incomplete

dominance

(blending of

parental traits )

Epigenetic factors

Environment can

influence phenotype

Epigenetic markers

may be passed on to

future generations

Genetic make-up

of an organism

for a gene

Expression of

dominant

and recessive

phenotypes

Observable trait

or measurable

characteristic

Genetic material

Environmental and

epigenetic factors

Influence on

phenotypes

E.g. Methylation

Cell differentiation

X-inactivation

Imprinted genes

Packaging of DNA

Tagging of DNA

Epigenetic

inheritance

PKU and diet

Temperature/acid-

sensitive

colouration
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Resourceseses
Resources

eWorkbook Worksheet 7.6 Reflection — Topic 7 (ewbk-7241)

Practical investigation eLogbook Practical investigation eLogbook — Topic 7 (elog-0168)

Digital documents Key terms glossary — Topic 7 (doc-34655)
Key ideas summary — Topic 7 (doc-34666)

7.5 Exercises
To answer questions online and to receive immediate feedback and sample responses for every question go to
your learnON title at www.jacplus.com.au. A downloadable solutions file is also available in the resources tab.

7.5 Exercise 1: Review questions
1. What does the term epigenetics mean?

2. Distinguish between the terms homozygous and heterozygous.

3. Haemophilia is an inherited condition resulting from a deficiency of a blood-clotting protein. Sufferers of
haemophilia experience abnormal bleeding episodes because their blood fails to clot. Haemophilia is an X-
linked recessive trait. The two alleles for the haemophilia gene are represented by XH and Xh.
a. Write the genotypes possible for a female with respect to haemophilia.
b. For each genotype that you listed in part (a), identify whether it is homozygous or heterozygous.
c. Explain what is meant by the term hemizygous and use a genotype for the haemophilia trait to support

your answer.
4. In humans, red hair (r) is recessive to non-red hair (R). Explain why it is easier to determine the genotype of

those with red hair compared to those without.

5. ‘The genotype alone is responsible for the phenotype.’ Explain whether you agree or disagree with this
statement.

6. Using examples, explain the difference between codominant and incomplete dominant expression of alleles.

7. Explain why the genotype IAIA produces the same blood group as the genotype IAi.

8. Explain how the expression of genes may be affected by epigenetic markers inherited from the previous
generation.

9. Briefly design an experiment to determine whether the relationship in the expression of blue and yellow
alleles for flower colour in snapdragon plants is complete dominant, codominant or incomplete dominant.

TOPIC 7 Genotypes and phenotypes 439

PAGE PROOFS



“c07GenotypesAndPhenotypes_PrintPDF” — 2021/5/26 — 16:38 — page 440 — #30

7.5 Exercise 2: Exam questions

Resourceseses
Resources

Teacher-led videos Teacher-led videos for every exam question

Section A — Multiple choice questions

All correct answers are worth 1 mark each; an incorrect answer is worth 0.

Question 1

Cystic fibrosis is a recessive autosomal condition.

A sufferer will have the genotype

cc.A. CC.B. Cc.C. cC.D.

Use the following information to answer Questions 2 and 3.

Human ear lobes can either be ‘free’ or ‘attached’, as represented by the diagram shown.

Free Attached

This characteristic is controlled by a gene with two alleles. The allele for ‘free’ earlobes (F) is dominant over
‘attached’.

Question 2

A suitable letter to represent the ‘attached’ allele would be

a.A. A.B. FF.C. f.D.

Question 3

A heterozygous individual would show which of the following phenotype(s)?

FreeA. AttachedB.
Intermediate between free and attachedC. Both free and attachedD.

Question 4

In blood groups, blood groups A and B are codominant. Both are dominant to blood type O.

If an individual is blood group B, their genotype could be

BB or BO.A. IBIBor IBi.B. IBi only.C. BO onlyD.
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Use the following information to answer Questions 5 and 6.

All humans have two copies of the huntingtin gene, which is present on chromosome 4. The gene codes for
the Huntingtin protein, which is needed for a normally functioning nervous system. Having a single mutated
form of the gene will lead to Huntington’s disease because the disease allele is completely dominant over the
healthy allele. The disease results in various symptoms such as lack of coordination and jerky movements.

Question 5

A non-sufferer of the condition will have the genotype

HH.A. Hh.B. hh.C. HSHs.D.

Question 6

Which of the following statements about Huntington’s disease is correct?

A. Sufferers of the disease could either be homozygous for the disease allele or heterozygous.

B. The disease is controlled by one gene with multiple alleles.

C. The alleles for the huntingtin protein have a codominant relationship.

D. Homozygous individuals for the disease will not demonstrate a lack of coordination and jerky movements.

Question 7

An example of an epigenetic marker is

A. stress.

B. a reduction in the number of histones present within a chromosome.

C. a mutation in the base sequence of a gene.

D. methylation of cytosine bases.

Question 8

Which of the following statements regarding epigenetics is correct?

A. Epigenetic markers are always cleared from the fertilised egg.

B. The effects of epigenetic markers have been observed in several generations.

C. Epigenetic markers cause cytosine bases to mutate other nitrogenous bases.

D. How tightly the DNA is packaged around histones is not an epigenetic marker.

Question 9

An experiment is conducted to investigate how the alleles for flower colour in a plant species are expressed in
relation to each other. Homozygous plants with blue and green flowers are bred together.

Which of the following statements is correct?

A. If all the offspring are purple, the traits have a codominant relationship.

B. If all the offspring are spotted blue and green, the traits have an incomplete dominant relationship.

C. If all of the offspring are green, green is completely dominant over blue.

D. The offspring with blue flowers must have the phenotype CBCG.

Question 10

Why is studying identical twins useful for scientists to determine the relative contributions that genetics and the
environment have on phenotype?

A. They will have different methylation patterns on their DNA.

B. Their genetics are identical but the environments in which they were raised may be different.

C. Their genetics and the environments in which they were raised will be the same.

D. The environments in which they were raised are the same, but their genetics will be different.
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Section B – Short answer questions

Question 11 (3 marks)

Phenotypes seen in bacterial species include sensitivity to particular antibiotic drugs. The antibiotic streptomycin
interferes with bacterial ribosomes.

a. Identify a reason that streptomycin is effective in killing some bacteria. 1 mark

b. Would you predict that streptomycin would be effective for treating just one infection caused by one kind of
bacteria only, or would you predict that it would be generally effective against several bacterial infections?
Briefly explain your decision. 2 marks

Question 12 (7 marks)

The colour of seed coats in a species of plant was investigated to determine the relationship between the
expression of different alleles. Five different phenotypes exist: grey, black, green, yellow and white. Thousands of
plants with these different seed colours were bred together and the offspring were analysed. The grey allele was
found to be dominant over the black allele, which in turn was dominant over green. The green allele was dominant
over yellow, which in turn was dominant over white.

a. Define the term phenotype. 1 mark

b. State the genotype of a white-seeded plant. Chose suitable allele symbols. 1 mark

c. Write down the possible genotypes that a grey-seeded plant may possess. 2 marks

d. Another scientist carrying out the same experiment obtained the same results, except they found that the
yellow and green alleles were expressed in a codominant pattern.

i. Describe the evidence the scientist must have collected for them to reach this conclusion. Explain your
answer. 2 marks

ii. Using suitable allele symbols, give the genotype of a plant produced for seed colour when a yellow-seeded
plant is crossed with a green-seeded plant. 1 mark

Question 13 (7 marks)

Atherosclerosis is a condition in which the arteries become blocked with deposits known as plaques. These
plaques are composed of fat, cholesterol and other chemicals. Blocking of the arteries can lead to severe
medical problems such heart attacks and strokes. An investigation was carried out to investigate the possible
epigenetic links.

Two groups of mice that were susceptible to high blood cholesterol and atherosclerosis were selected. One group
was fed a normal diet whilst the other was fed a diet high in fat and cholesterol. After several weeks of feeding, the
bone marrow of the mice from each group was extracted and transplanted into mice that were closely related.
These mice were then fed a normal diet for several months and the progression of atherosclerosis was measured
around the heart and neck.

DNA methylation markers were measured and shown to be significantly lower around several genes in mice that
had bone marrow from the high-fat diet mice compared to mice who received bone marrow from the normal diet
mice. As a result of this, those who received high-fat diet bone marrow were at much greater risk of developing
atherosclerosis compared to those who received normal diet bone marrow, despite both being fed a normal diet.

a. Other than DNA methylation, give one other example of an epigenetic change. 1 mark

b. State whether DNA methylation was higher or lower in mice that were fed a normal diet. 1 mark

c. Suggest why the mice that received the transplanted bone marrow needed to be closely related. 2 marks

d. It has been suggested that the diet of our parents may have an influence on our health. Do the results of this
study support this theory? 3 marks
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Question 14 (7 marks)

Fur colour in Himalayan rabbits is controlled by temperature. At normal body temperature the enzyme tyrosinase
is produced but does not function. At low temperatures the enzyme is active, producing melanin and darker fur.

a. In this example, which environmental factor is having an effect on the phenotype of the rabbits? 1 mark

b. Design an experiment to demonstrate a possible relationship between temperature and fur colour. 6 marks

Question 15 (8 marks)

In humans, the TYR gene produces the enzyme tyrosinase. Tyrosinase controls pigment production. People who
lack tyrosinase cannot produce pigment and have the albinism trait. These individuals lack pigmentation in their
hair, skin and eyes. There are two alleles for the gene, A and a.

The heterozygote for this condition can produce tyrosinase and has normally pigmented skin, hair and eyes.

a. Is the albinism trait dominant or recessive? Explain. 2 marks

b. Write the genotypes of the following individuals:

i. an albino woman 1 mark

ii. a homozygous normally pigmented man. 1 mark

c. Individuals with normal pigmentation often observe that areas of their skin change colour from winter to
summer. Explain the cause of the colour change. 1 mark

d. A biology student asked her teacher whether seasonal changes in skin colour were an example of an
epigenetic change. What additional information would the teacher need in order to decide whether or not the
change in skin colour is an epigenetic change? 2 marks

e. In a human population there is a great range of skin colours between individuals. What type of genes are
responsible for the enormous range of skin colour among humans? 1 mark

7.5 Exercise 3: Biochallenge

Resourceseses
Resources

eWorkbook Biochallenge — Topic 7 (ewbk-8077)

Solutions Solutions — Topic 7 (sol-0652)

Test maker
Create unique tests and exams from our extensive range of questions, including practice exam questions.
Access the Assignments section in learnON to begin creating and assigning assessments to students.
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Online Resources Resources

Below is a full list of rich resources available online for this topic. These resources are designed to bring ideas to life,
to promote deep and lasting learning and to support the different learning needs of each individual.

eWorkbook

7.1 eWorkbook — Topic 7 (ewbk-3166) ⃞
7.2 Worksheet 7.1 Writing genotypes (ewbk-7229) ⃞
7.3 Worksheet 7.2 Dominant and recessive phenotypes

(ewbk-7231) ⃞
Worksheet 7.3 Codominance and incomplete dominance
(ewbk-7233) ⃞

7.4 Worksheet 7.4 The effects of environment on phenotype
(ewbk-7235) ⃞
Worksheet 7.5 The effects of epigenetic factors on
phenotype (ewbk-7237) ⃞

7.5 Worksheet 7.6 Reflection — Topic 7 (ewbk-7241) ⃞
Biochallenge — Topic 7 (ewbk-8077) ⃞

Solutions

7.5 Solutions — Topic 7 (sol-0652) ⃞

Practical investigation eLogbook

7.1 Practical investigation eLogbook — Topic 7 (elog-0168) ⃞
7.3 Investigation 7.1 Comparing phenotypes (elog-0792) ⃞
7.4 Investigation 7.2 Environmental influences on phenotypes

(elog-0794) ⃞

Digital documents

7.1 Key science skills — VCE Biology Units 1–4 (doc-34648) ⃞
Key terms glossary — Topic 7 (doc-34655) ⃞
Key ideas summary — Topic 7 (doc-34666) ⃞

7.2 Background knowledge: Mendel — the father of genetics
(doc-36114) ⃞

Teacher-led videos

Exam questions — Topic 7

7.2 Sample problem 1 Choosing symbols for alleles
(tlvd-1800) ⃞

7.3 Sample problem 2 Determining dominance patterns
(tlvd-1759) ⃞

7.4 Sample problem 3 Designing an experiment (tlvd-1760) ⃞

Video eLessons

7.2 Genotypes (eles-4222) ⃞
7.3 Phenotypes (eles-4223) ⃞

Codominance (eles-4224) ⃞
7.4 Epigenetics — switching genes on and off (eles-4210) ⃞

Interactivities

7.2 Genotypes (int-0668) ⃞
7.3 Generating the phenotypes (int-0178) ⃞

Making families (int-0681) ⃞

Weblinks

7.4 NASA Twins Study ⃞
Epigenetics ⃞

Teacher resources

There are many resources available exclusively for teachers
online

To access these online resources, log on to www.jacplus.com.au
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