
key kNOWLedGe 

This chapter is designed to enable you to:
■ predict the outcomes of classical monohybrid crosses and test crosses
■ distinguish between the results of a dihybrid cross involving two genes that

assort independently and those from a cross involving two linked genes
■ enhance understanding of the biological consequence of crossing over
■ gain skills in the analysis of human pedigrees and recognise key features of

different patterns of inheritance
■ develop awareness of genetic testing of adults and embryos.

FiGuRe 16.1 This wallaby 
shows a condition known as 
albinism, in which pigment is 
lacking from the skin, eyes 
and fur. Her joey has normal 
pigmentation. A similar 
condition occurs in people 
and in other vertebrates. In 
this chapter we will explore 
how the alleles of one or 
more genes are transmitted 
from parents to offspring, 
examine different patterns 
of inheritance, and consider 
aspects of genetic screening 
and genetic testing. 
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Making melanin pigment
Th e TYR gene is just one of many genes on the human number-11 chromo-
some. Th e TYR gene encodes a protein that functions as the enzyme, 
tyrosinase. Th is enzyme catalyses a step in the pathway that produces the pig-
ment, melanin. Melanin pigment is seen in the hair, the skin and the irises of a 
person’s eyes. Melanin pigment is present not only in people, but also in other 
vertebrate species in their skin, eyes and fur (in the case of mammals), feathers 
(in the case of birds) and scales (in the case of reptiles).

Melanin pigmentation is produced in a multi-step pathway in special 
cells known as melanocytes. Th e enzyme tyrosinase catalyses one step 
in the pathway that produces melanin. Without a functioning tyrosinase 
enzyme, melanin production cannot occur and this results in a condition 
known as albinism. Figure 16.2 shows some examples of albinism in other 
species.

FiGuRe 16.2 Albinism exists 
across many different species. Th e TYR gene in humans has two common alleles:

• allele A that produces normal tyrosinase enzyme, resulting in normal 
pigmentation

• allele a that produces a faulty protein that cannot act as the tyrosinase 
enzyme, resulting in a lack of pigment (albinism). 
Persons with genotypes AA or Aa have normal pigmentation. In contrast, 

persons with the aa genotype lack a functioning tyrosinase enzyme and so 
have albinism. From this, we can conclude that normal pigmentation pheno-
type is dominant to albinism. 

Odd FacT

Two types of melanin pigment 
exist: black eumelanin and 
yellow phaeomelanin.
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573CHaPter 16 Genetic crosses: rules of the game

Rules of the genetic game
Let us now look at a cross involving the alleles of the TYR gene. Th is is a 
monohybrid cross because it involves the alleles of just one gene at a time. 
When the alleles of two genes are involved, the cross is termed a dihybrid cross. 
A monogenic cross involves the segregation of alleles of the same gene into 
separate gametes. Th is segregation, or separation, occurs when homologous 
chromosomes disjoin at metaphase 1 of meiosis (refer to fi gure 11.14).

Tracey and John are planning their next pregnancy. One of their fi rst-born 
non-identical twin children, Fiona, has the condition of albinism and the par-
ents want to know about the chance of this condition appearing in their next 
child. Figure 16.3 shows the chromosomal portraits of Tracey, John and their 
twins. Both parents are carriers of albinism and have the genotype Aa.

A a A a

TimFionaJohnTracey

a a A A

Normal pigment

Genotype

Chromosomes

Phenotype Normal pigment Albino Normal pigment

11 11

A a

11 11

A a

11 11

a a

11 11

A A

FiGuRe 16.3 Genotypes 
and phenotypes of Tracey, 
John, Fiona and Tim for the 
tyr gene controlling pigment 
production

Monohybrid crosses: pigment or not? 
For the TYR gene on the number-11 chromosome, which controls pigment 
production, the cross can be seen in fi gure 16.4.

During meiosis, the pair of number-11 chromosomes disjoin, carrying the 
alleles to diff erent gametes. Tracey’s eggs have either the A allele or the a allele. 
Th is also applies to the sperm cells produced by John. Th is separation of the 
alleles of one gene into diff erent gametes that occurs during meiosis is known 
as the segregation of alleles. For each parent, the chance of a gamete with A is 1 
in 2 and the chance of a gamete with a is also 1 in 2.

Th ese probabilities can also be incorporated into a Punnett square 
(fi gure  16.5). Th e AA and the Aa genotypes both result in normal pigmen-
tation. Th e aa genotype causes albinism.

A Punnett square shows the chance of each possible outcome, not what will 
happen. So, Tracey and John asked, ‘What is the chance that our next child will 
have albinism?’ Th e answer to their question is 1 in 4, or 1

4. Th e chance that 
their next child will have normal pigmentation is 34. If the next child has normal 
pigmentation, what is the chance that this child will be a heterozygous car-
rier of albinism? Look at the Punnett square: there are three ways a child with 
normal pigmentation can result, so the chance that this child will be a hete-
rozygous Aa carrier of albinism is 2 in 3. 

� e fractions, such as 1
2 or 1

4, that appear in a Punnett square identify the 
chance or probability of various outcomes. So, for example, Tracey is hetero-
zygous Aa with two diff erent alleles at the TYR gene loci. Th e chance that her 
A allele will go to a particular egg cell is 1 in 2; likewise the chance that her a 
allele will go to that egg cell is also 1 in 2. (Th is situation is like tossing a coin. 

unit 2 Monohybrid
cross
Concept summary 
and practice 
questions

aOs 2

Topic 4

concept 6

Tracey

A a

John

A ax

FiGuRe 16.4 Cross of Tracey 
and John for the tyr gene

Odd FacT

The chance of an event can 
be expressed as a fraction 
(  14 ), a percentage (25%), a 
ratio (1 in 4, 1:4) or a decimal 
(0.25). When a decimal 
number is used, the value 
0 represents an impossible 
occurrence and a chance of 
1 represents a certainty. So, 
the chance that you will run 
a two-minute mile today is 0 
and the chance that you will 
take a breath in the next half 
hour is 1.
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Th ere are two possible outcomes, namely heads (H) and tails (T), so when a 
coin is tossed, the chance of H is 1

2 and the chance of T is 1
2.)

Tracey’s eggs

Jo
hn

’s
 s

p
er

m A
1–
2

A
1–
2

AA
1–
4

AA:
1–
4 aa

1–
4Aa:

2–
4

a
1–
2

a
1–
2

Normal

Aa
1–
4

Normal

Aa
1–
4

Normal

aa
1–
4

Albino

3 normal:1 albino

genotypes:

phenotypes:

FiGuRe 16.5 Punnett square 
for a monohybrid cross: 
Aa × Aa

 
Since John is also heterozygous Aa, a similar situation 

exists in regard to his sperm cells: each of his sperm cells 
must carry either the A allele or the a allele. Th is accounts 
for the 1

2 A and the 1
2 a entries along the top and down the 

left-hand side of the Punnett square. 
What about the 14 entries within the Punnett square? Th is 

is the chance of two independent events occurring, such 
as Tracey’s egg with an A allele being fertilised by John’s 
sperm with an A allele. � e chance, or probability, of 
two independent events occurring is the product of the 
chance of each separate event, that is, 1

2 × 1
2 = 1

4.
Let’s look at another monohybrid cross involving this 

family.

Monohybrid cross: abo blood type
Th e four blood groups in the ABO blood system are A, B, 
AB and O. Th ese diff erent blood group phenotypes are 
controlled by the ABO gene on the number-9 chromo-
some. Each phenotype is determined by the presence or 
absence of specifi c proteins, known as antigens, on the 
plasma membrane of the red blood cells (see fi gure 16.6). 

In the Australian population, type O is the most common 
blood group (about 49%) and type AB is the rarest (about 
3%). Table 16.1 shows the antigens that determine the ABO 
blood types.

TaBLe 16.1 ABO blood types and corresponding antigens present on red blood 
cells. What antigens are present in a person with O type blood?

antigens present 
on red blood cells abo blood group

frequency in 
australian population*

antigen A A 38%

antigen B B 10%

antigens A and B AB  3%

neither antigen O 49%

* based on Australian Red Cross data

FiGuRe 16.6 Blood cells 
consist mainly of red blood 
cells. Also present here are 
white blood cells (yellow) and 
platelets. The ABO blood 
types relate to antigens that 
can be present on the plasma 
membrane of red blood cells. 
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575CHaPter 16 Genetic crosses: rules of the game

Tracey and John are both blood group B and their twins are both blood 
group O. Th is means that both parents have the heterozygous genotype IBi, 
while the twins have the genotype ii (see fi gure 16.7). Th e cross between Tracey 
and John for the ABO gene is shown in fi gure 16.8. 

IB i IB i i i

TimFionaJohnTracey

i i

Group B

Genotype

Chromosomes

Phenotype Group B Group O Group O

IB i
9 9

IB i
9 9

i i
9 9

i i
9 9

FiGuRe 16.7 Genotypes and 
phenotypes of Tracey, John, 
Fiona and Tim for the abo 
gene controlling ABO blood 
types

Disjunction of the number-9 chromosomes during meiosis in Tracey means 
that her eggs have either one IB allele or one i allele and the chance of each 
type is 12. John’s number-9 chromosomes also disjoin during meiosis. Likewise, 
his sperm cells have either one IB allele or one i allele.

Again, we can show the chances of the various outcomes in a Punnett square 
(see fi gure 16.9).

Tracey’s eggs

Jo
hn

’s
 s

p
er

m IB
1–
2

IB
1–
2

IB IB
1–
4

IB IB:
1–
4 i i

1–
4IB i:

1–
2

i
1–
2

i
1–
2

Blood group B

IB i
1–
4

Blood group B

IB i
1–
4

Blood group B

i i
1–
4

Blood group O

genotypes:

phenotypes: 3 blood group B:1 blood group O

FiGuRe 16.9 Punnett square 
showing outcome of the 
cross: IB   i × IBi

In summary, the chance that Tracey and John’s next child will be blood 
group B is 3 in 4 and the chance that it will be blood group O is 1 in 4. Remember 
that ratios, such as 3 to 1, identify the chance or the probability of a particular 
outcome occurring; they do not identify a certain outcome. 

In this section, you have seen how this monogenic inheritance operates in a 
human family. In the following sections, you will see examples of monogenic 
crosses in other organisms. 

Tracey

I B i I B i

John

x

I B i I B i

FiGuRe 16.8 Cross of Tracey 
and John for the abo gene

Odd FacT

In 1902, an Austrian 
pathologist, Karl Landsteiner 
(1868–1943), was the fi rst to 
recognise that any human 
blood sample could be 
classifi ed into one of four 
possible blood types that he 
named groups A, B, AB and O.
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Monohybrid crosses: other organisms
Sweet peas
In sweet peas (Lathyrus odoratus), purple fl ower colour (P) is dominant to 
white (p) (see fi gure 16.10). What happens if a pure breeding purple-fl owering 
plant is crossed with a pure breeding white-fl owering plant? Pure breeding 
means that the plant is homozygous for the allele in question, and such a plant 
can produce only a single kind of gamete.

FiGuRe 16.10 One gene in 
sweet peas controls fl ower 
colour and has the alleles P 
(purple) and p (white), with 
purple being the dominant 
phenotype.

Th is cross can be shown as follows:

parental phenotypes purple × white
parental genotypes PP pp
possible gametes P p
possible off spring all are purple, Pp

Note that all the off spring from this cross are heterozygous purple (Pp). 
What is the expected outcome if these heterozygous purple plants are 

crossed?
Details of the parents are as follows:

parental phenotypes  purple ×  purple
parental genotypes  Pp  Pp
possible gametes P and p P and p

We can now use a Punnett square to 
show the possible outcome of this cross (see 
fi gure 16.11).

Th us, from the cross of two heterozygous purple 
plants, the chance that the off spring will show the 
dominant purple colour is 3 in 4 and the chance 
that they will show the recessive white phenotype, 
is 1 in 4. What is the chance that a purple-fl owered 
off spring will be homozygous PP?

PGametes

purple

PPP Pp

Ppp pp

genotypes:  1 PP:2 Pp:1 pp

phenotypes:  3 purple:1 white

purple

purple

white

p

FiGuRe 16.11 Punnett square 
showing the possible outcome 
of crossing two heterozygous 
purple plants
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577CHaPter 16 Genetic crosses: rules of the game

Dilute cats
In cats, the MLPH gene on the cat chromosome C1 controls the packing or 
density of pigment granules in melanocytes of their fur. Th is gene has the 
alleles, dense (D) and dilute (d). In the dominant dense phenotype, pigment 
granules are numerous and evenly packed along the length of the fur; in the 
recessive dilute phenotype, the pigment granules are clumped and unevenly 
distributed. Th e dense phenotype is seen, for example, in black cats that have 
the genotype DD or Dd. Th e dilute phenotype is seen in grey cats with the geno-
type, dd (see fi gure 16.12).

Consider the cross of two black cats that are heterozygous Dd at the MLPH 
gene locus.

Th e details of the parents are as follows:

parental phenotypes black × black
parental genotypes Dd Dd
possible gametes D and d D and d

We can use a Punnett square to show the outcome of the cross of these 
 heterozygous black cats (see fi gure 16.13).

DGametes

black

DDD Dd

Ddd dd

genotypes:  1 DD:2 Dd:1 dd

phenotypes:  3 black:1 grey

black

black

grey

d

FiGuRe 16.13 Punnett square showing the possible outcome 
of crossing two heterozygous black cats

It may be seen that the chance that a kitten will show the dominant black 
phenotype is 3 in 4 and the chance that it will show the recessive grey pheno-
type is 1 in 4. 

Monohybrid crosses: X-linked genes
So far, we have looked at monohybrid crosses involving autosomal genes. 
What happens in a monohybrid cross when the gene involved is located on 
the X chromosome? Refer to the box on page 600 to read about the crosses 
involving an X-linked gene that were carried out by TH Morgan. Morgan was 
the fi rst to demonstrate that one particular gene was located on one particular 
chromosome (refer to fi gure 14.1). 

People normally have three colour receptors (red, green and blue) in the 
retina of their eyes. Th ese receptors allow us to diff erentiate colours, such 
as red from green. Inherited defects in colour receptors cause various kinds 
of colourblindness, which can be identifi ed by specifi c screening tests. 
One such test, administered by a professional under controlled conditions, 
involves the use of coloured images known as Ishihara colour plates (see 
fi gure 16.14).

FiGuRe 16.12 The grey 
fur of this cat advertises its 
genotype as being homozygous 
recessive, dd, at the MlPH 
gene locus. Its white areas are 
due to the action of an allele of 
another gene.

FiGuRe 16.14 Example of one 
Ishihara colour plate. Where a 
person with normal vision sees 
the number 74, a person with 
red–green colourblindness 
may see this as 21. (Note: This 
reproduction of an Ishihara 
colour plate is not a valid test 
for colour vision.)
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Th e CBD gene on the human X chromosome controls one form of red–green 
colourblindness. Normal colour vision (V) is dominant to red–green colour-
blindness (v). Table 16.2 shows the genotypes and phenotypes for this X-linked 
CBD gene. Examine this table. Note that females have two copies of the 
X chromosome and so must have two copies of any X-linked gene. Th is means 
that females will be either homozygous or heterozygous for X-linked genes. 
In contrast, males have only one X chromosome and so must have just one 
copy of any X-linked gene. Th is means that males are hemizygous for X-linked 
genes.

TaBLe 16.2 Genotypes and phenotypes for the X-linked CbD colour vision gene. 
The ‘V’ and the ‘v’ symbols denote the different alleles of this gene. Because the Y 
chromosome pairs with and then disjoins from the X chromosome during meiosis, 
it is included here. (The Y chromosome does not carry any gene for colour vision, 
and is denoted (Y).)

Sex Sex chromosomes genotype Phenotype

female XX VV
Vv
vv

normal colour vision
normal colour vision
red–green colourblindness

male  XY  V(Y)
v(Y)

normal colour vision
red–green colourblindness

Could two people with normal colour vision produce a child with red–green 
colourblindness? Let’s consider the cross of a heterozygous Vv female and a 
male who has normal colour vision. Could a child from this cross be colour-
blind? If so, what is the chance of this outcome?

Th e details of the parents are as follows:

parental phenotypes female: normal vision × male: normal vision

parental genotypes Vv V (Y) 

possible gametes V and v V and Y

Th e gametes of the male parent will have either an X chromosome with the V 
allele or a Y chromosome. 

We can now use a Punnett square to show the expected outcomes of this 
cross (see fi gure 16.15).

VGametes

normal vision
female

normal vision
female

VVV Vv

normal vision
male

colourblind
male

V (Y) v (Y)(Y)

genotypes:  1 VV:1 Vv:1 V (Y):1 v (Y)

phenotypes:  2 females with normal colour vision:1 male with
 normal colour vision:1 colourblind male

v

FiGuRe 16.15 Punnett 
square showing the possible 
outcomes of crossing a 
heterozygous Vv female with 
a male who has normal colour 
vision
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579CHaPter 16 Genetic crosses: rules of the game

In summary, this particular cross could produce a colourblind child, but that 
child can only be a son, not a daughter. Th e chance of a colourblind son from 
this cross is 1 in 4. Th e chance of a colourblind daughter from this cross is 0.

Monohybrid crosses: some variations
We have seen in the previous sections that the expected result from the 
cross of two parents heterozygous at an autosomal gene locus is a 3:1 ratio 
of off spring showing the dominant phenotype to those showing the recessive 
trait. 

Variations from the expected 3-dominant:1-recessive phenotypic ratio from 
a cross of two heterozygotes can occur. Th is can happen, for example, when:
• the relationship between the alleles of the gene is one of co-dominance; or
• one of the alleles is lethal in the homozygous condition (see below).

Co-dominant alleles
Co-dominance refers to a situation in which both alleles of a heterozygous 
organism are expressed in its phenotype (refer to chapter 15, p. 556). For 
example, in cattle (Bostaurus), coat colour is controlled by an autosomal gene 
with the alleles CR and CW. Th e relationship between these two alleles is one 
of co-dominance. Th e coat colour of heterozygous cattle is called roan and 
it consists of a mixture of red hairs and white hairs. Figure 16.16 shows the 
phenotypes of the three possible genotypes.

genotype: CW CW CR CR CR CW

phenotype: White Red Roan

FiGuRe 16.16 Genotypes 
and phenotypes in cattle for 
alleles of a coat colour gene 
that have a co-dominant 
relationship. Note that both 
alleles are expressed in the 
heterozygous roan cattle.

Consider the cross of two heterozygous roan 
cattle. Will the outcome be the typical 3:1 ratio?

We can show the parental details as follows:

parental phenotypes roan × roan
parental genotypes CRCW CRCW

possible gametes CR and CW CR and CW

We can now use a Punnett square to show the 
outcome of the cross of two heterozygous roan 
cattle (see fi gure 16.17).

Where the allelic relationship is one of co- 
dominance, the expected result from the cross of 
two heterozygotes is a ratio of 1:2:1 of red:roan:white 
(rather than 3:1). 

CRGametes

red

CR CRCR CR CW

CR CWCW CW CW

genotypes:  1 CR CR:2 CR CW:1 CW CW

phenotypes:  1 red:2 roan:1 white

roan

roan

white

CW

FiGuRe 16.17 Punnett square showing the possible outcomes 
of crossing two heterozygous roan cattle
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lethal genes
Some genotypes can result in death early in embryonic development. Off -
spring with such lethal genotypes do not develop and so do not appear among 
the off spring of a cross. How does this aff ect the expected ratio of off spring? 
Let’s look at an example.

One gene in mice has the alleles Ay (yellow coat colour) and a (agouti coat 
colour). Yellow coat colour is dominant to the agouti coat colour (see fi gure 16.18). 
However, the Ay allele in a double dose is lethal, causing death in early embryonic 
development. In terms of lethality, the Ay allele is a recessive lethal.

What would be expected from the cross of two mice, each with a heterozgy-
gous Aya yellow genotype?

We can show the parental details as follows:

parental phenotypes yellow × yellow
parental genotypes Aya Aya
possible gametes Ay and a Ay and a

We can now use a Punnett square to show the outcome of the cross of these 
heterozygous yellow mice (see fi gure 16.19).

AyGametes

Ay AyAy Ay a

Ay aa aa

genotypes:  2 Ay a:1 aa

phenotypes:  2 yellow:1 agouti

yellow

yellow

agouti

a

FiGuRe 16.19 Punnett square showing the possible outcomes 
of crossing two heterozygous yellow mice. Which genotype 
does not appear?

Th e potential AyAy off spring die in very early embryonic development, even 
before they are implanted in the wall of the uterus. As a result, these potential off -
spring are never detected. Evidence of the recessive lethal nature of the Ay allele 
comes from the fact that litter sizes from these crosses are smaller than average 
and, in addition, yellow mice are always heterozygous, never homozygous.

Monohybrid test crosses
An organism that shows the dominant phenotype may have one or two copies 
of the allele that determines that phenotype, that is, it may be homozygous TT 
or heterozygous Tt. Th is situation can be denoted by the genotype T−, where 
the minus symbol denotes either T or t. In this case, a monohybrid test cross 
can be used to identify its genotype. A monohybrid test cross is a special kind 
of cross in which an organism of uncertain genotype (T−) is crossed with a 
homozygous recessive organism (tt). 

In reality, today, it is possible to identify genotypes more directly by exam-
ining the relevant part of an organism’s genome, without the need to carry out 
a test cross and produce numbers of off spring.

However, let’s use the example of a black cat whose parentage is unknown. 
Such a cat has dense pigmentation and so could have the genotype either DD 

FiGuRe 16.18 An Aya yellow 
mouse (right) with the common 
agouti aa mouse (left)

unit 2 Monohybrid
test cross
Concept summary 
and practice 
questions

aOs 2

Topic 4
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581CHaPter 16 Genetic crosses: rules of the game

or Dd. What are the possible outcomes of a test cross of this black cat with 
a homozygous recessive grey cat with dilute colouring? Th e result will reveal 
whether the black cat is homozygous dense or heterozygous dense.

Th e black-coated parent has dense colouration. If the black cat is homo-
zygous DD, he cannot sire any kittens with dilute coloured (grey) fur. Why? He 
can pass on only a D allele to all his off spring and, in consequence, all kittens 
must have dense (black) coloured fur. 

If, however, the black cat is heterozygous Dd, he can produce two types of 
gamete: D-carrying sperm and d-carrying sperm. When combined with the 
mother’s gametes, which must all be d-carrying eggs, both black kittens and 
grey kittens can result (see fi gure 16.20). 

D (from dad)Gametes

black(from mum)

Ddd dd

genotypes: 1 Dd:1 dd

phenotypes:  1 black:1 grey

grey

d (from dad)

FiGuRe 16.20 Possible outcomes of monohybrid test cross 
of heterozygous black male cat with grey female cat

Note that the two possible phenotypes are expected to appear in equal pro-
portions. Th e chance of a grey kitten is 1 in 2, and the chance of a black kitten 
is also 1 in 2. Th ese probabilities do not mean that in a litter of four kittens two 
will be black and two will be grey. Th e appearance of just one grey kitten is suf-
fi cient evidence to conclude that the black-furred parent is heterozygous Dd. It 
would not be valid to conclude that the black-furred parent was homozygous 
DD on the evidence of a litter of fi ve black kittens because this outcome can 
occur by chance (see fi gure 16.21). 

Dad
DD or Dd?

Mum
dd

It took me to 
show that black dad

is heterozygous
Dd.

FiGuRe 16.21 The outcome 
of this test cross depends on 
the genotype of the parent 
showing the dominant trait, 
in this case, dense fur colour 
(black). If homozygous DD, 
this cat cannot sire any grey 
kittens; if heterozygous, Dd, 
the cat could sire grey kittens. 
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key ideas

 ■ Monohybrid crosses involve the alleles of one gene.
 ■ Monohybrid crosses of two heterozygotes can be shown as a Punnett 
square, with parental gametes on the outside and the possible genotypes 
in the inner 2 × 2 block.

 ■ In terms of phenotypes, the expected result of a monohybrid cross of 
two heterozygotes is 3:1, showing the dominant and the recessive traits 
respectively.

 ■ A test cross is the cross of an organism with a known homozygous 
recessive genotype and another that shows the dominant phenotype but 
whose genotype is unknown.

 ■ Patterns of inheritance of X-linked genes are characterised by an unequal 
occurrence of phenotypes by sex. 

 ■ Under certain conditions, the cross of two heterozygotes may not produce 
the expected 3:1 ratio of offspring showing the dominant trait to offspring 
showing the recessive trait, such as codominance or lethal genes.

Quick check

1 Identify whether each of the following statements is true or false.
a The appearance of four black kittens in a litter from the cross of a black 

cat of uncertain genotype and a grey cat would prove that the black cat 
was homozygous DD.

b  An organism with genotype Rr could produce gametes carrying R and 
gametes carrying r. 

c  Organisms homozygous for a trait controlled by a single gene would be 
expected to produce two kinds of gametes. 

d An X-linked trait can appear only in males.
e A mouse embryo with one copy of the lethal yellow allele would not be 

expected to develop. 
f Two alleles that have a relationship of co-dominance would be expected  

to be expressed as three distinct phenotypes.
g In a monohybrid cross, a homozygous parent can produce just one kind  

of gamete.

Dihybrid crosses: two genes  
in action
A dihybrid cross involves the alleles of two different genes. Let us first consider 
two genes that are located on different (nonhomologous) chromosomes, such 
as the ABO gene on the number-9 chromosome and the TYR gene on the 
number-11 chromosome. 

Genes on nonhomologous chromosomes are said to be unlinked. 
When two genes are unlinked, the alleles at one gene locus behave inde-
pendently of those at the second locus in their movements into gametes. 
When two genes are unlinked, this is expressed by using a semicolon to 
separate the alleles of one gene from those of the second gene, for example, 
Aa; Bb.

Let’s now return to Tracey and John and look at their genotypes for the ABO 
and the TYR genes. Both Tracey and John are heterozygous at each gene locus 
(see figure 16.22). 

interactivity
Dihybrid cross
int-0 18 0
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583CHaPter 16 Genetic crosses: rules of the game

Tracey

John

9 9

IB i
IB i

11 11

A a

9 9

IB i
IB i

11 11

A a

FiGuRe 16.22 Genotypes 
of Tracey and John for two 
unlinked genes. Both are 
heterozygous at the two 
gene loci. The numbers 9 
and 11 denote the human 
chromosomes.

 
What are the possible outcomes of a cross between Tracey and John? 
Because the genes are unlinked, each parent can produce four kinds of gam-

etes in equal numbers, as shown in fi gure 16.23. Th e various combinations of 
alleles of diff erent genes are the result of allele segregation and of the indepen-
dent assortment of genes in meiosis.

We can summarise the genetic information about Tracey and John as 
follows:

parental phenotypes blood group B × blood group B
normal pigment normal pigment

parental genotypes IBi ; Aa IBi ; Aa
possible gametes IB A, IB a, I A and I a IB A, IB a, I A and I a

Th e dihybrid cross between Tracey and John can be shown in two diff erent 
ways. Firstly, a dihybrid cross can be shown as a combination of two mono-
hybrid crosses (see fi gure 16.24). Th e chance that Tracey and John’s next child 
will have albinism is 1 in 4 and the chance that the next child will be blood 
group O is also 1 in 4. So the combined probability that the next child will have 
albinism and be blood group O is 1

4 × 1
4 = 1

16. 

Aa  x  Aa Ii  x  Ii AAII :

Locus 1 Locus 2 Offspring and chance

etc.

AA  :
1–
4 Aa  :

1–
2 aa

1–
4 II  :

1–
4 Ii  :

1–
2 ii

1–
4

1–
4

× 1–
4

1—–
16

=

Aaii : 1–
2

× 1–
4

1–
8

=

AaIi : 1–
2

× 1–
2

1–
4

=

aaii : 1–
4

× 1–
4

1—–
16

=

FiGuRe 16.24 Looking at a 
dihybrid cross. What is the 
chance of an aaII offspring? 
Note that, for convenience, 
the B superscript has been 
omitted from symbols inside 
the square, but you should 
remember that where the I 
appears, it is the IB allele.

Alternatively, a dihybrid cross can be shown as a Punnett square, with all 
the possible parental gametes shown across the top and down the side of the 
square (see fi gure 16.25). Combining these various gametes in a Punnett gives 
all the possible genotypes that can occur in off spring of these parents. Th ese 
16 diff erent genotypes can be grouped into four diff erent phenotypes as shown 
at the bottom of the Punnett square. 

unit 2 dihybrid cross:
independent
genes
Concept summary 
and practice 
questions

aOs 2

Topic 4

concept 8

IB
A IB A

a IB a

i

GENE 1
alleles

GENE 2
alleles

GAMETES

A i A

a i a

FiGuRe 16.23 All the 
possible normal gametes 
produced by meiosis in a 
person with the heterozygous 
genotype IBi; Aa 

UNCORRECTED P
AGE P

ROOFS



Nature of biology 1584

IBi Aa
John

IBi Aa
Tracey

Overall
summary

IB– A– 9—–
16

: IB–aa3—–
16

: iiA– 3—–
16

: iiaa1—–
16

Group B
normal

pigment

9 Group B
albino

3 Group O
normal

pigment

3 Group O
albino

1

Tracey’s eggs

Jo
hn

’s
 s

p
er

m

x

IIAA
1—–

16

IIAa
1—–

16

IiAA
1—–

16

IiAa
1—–

16

IIAa
1–
2IA

1–
4

Ia
1–
4

iA
1–
4

ia
1–
4

IA
1–
4 Ia

1–
4 iA

1–
4 ia

1–
4

IIaa
1—–

16

IiAa
1—–

16

Iiaa
1—–

16

IiAA
1—–

16

IiAa
1—–

16

iiAA
1—–

16

iiAa
1—–

16

IiAA
1—–

16

Iiaa
1—–

16

iiAa
1—–

16

iiaa
1—–

16

FiGuRe 16.25 Punnett 
square showing the cross of 
Tracey and John. Note that in 
the overall summary statement 
below the Punnett square, 
the ‘dash’ symbol (−) means 
that the second allele in the 
genotype can be either of the 
two possible alleles. So, for 
example, A− denotes both AA 
and Aa.

In summary, the expected phenotypic result from a dihybrid cross of 
two heterozygotes is 9:3:3:1, where the 9

16 refers to off spring showing both 
dominant traits, the two 3

16 refer to off spring showing one of the dominant 
traits and the 1

16 refers to off spring showing both recessive traits. 
Now let’s review another cross. In cats, one gene controls the presence of 

white spotting and has the alleles W for white spotting and w for absence of 
white spots. White spotting is dominant to absence of white spots. A second 
unlinked gene controls fur length and has the alleles S for short fur and s for 
long fur. Th e short fur phenotype is dominant to long fur. What is the expected 
outcome of the cross of two cats, heterozygous at each gene locus, that is, with 
genotypes Ww; Ss?

Based on the summary above, we can predict that the expected outcome 
is 9 white spotted with short fur:3 white spotted with long fur:3 no white spots 
with short fur:1 no white spots with long fur. Th ese ratios can be expressed as 
probabilities, such as a 9 in 16 chance of showing both dominant traits, a 3 in 
16 chance of showing one only of the dominant traits, a 3 in 16 chance of showing 
the other dominant trait and a 1 in 16 chance of showing both recessive traits.

Dihybrid test crosses
In a dihybrid test cross, one parent is homozygous recessive, for example, geno-
type ppqq. Th e other parent in a dihybrid test cross is heterozygous, for example, 
genotype PpQq. (How does this compare with a monohybrid test cross?)

In the past, dihybrid test crosses were used to identify the linkage relation-
ship between two genes, for example, the white spotting gene and the fur 
length gene. Th ese two genes are on separate chromosomes, that is, they are 
unlinked and will assort independently. In reality, as with monohybrid testing, 
today direct investigation of the genome provides the answer to the question: 
are two genes linked or not? But to further understand this concept, let’s look 
at a test cross of these two genes.
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Th e details of the parents are as follows:

parental phenotypes: white spotted
and short fur

× no white spots
and long fur

parental genotypes Ww; Ss ww; ss
possible gametes WS, Ws, wS and ws all ws

Putting these into a Punnett square, we can see the outcome of this dihybrid 
test cross in fi gure 16.26.

WSGametes

short fur

white spots

Ww Ss

long fur

white spots

Ww ssws

genotypes:  1 Ww Ss:1 Ww ss:1 ww Ss:1 ww ss

phenotypes:  1 white spot short fur:1 white spot, long fur:1 no spot, short fur:1 no spot, long fur

Ws wS

short fur

no spots

ww Ss

long fur

mo spots

ww ss

ws

FiGuRe 16.26 Possible outcomes of dihybrid test cross

A dihybrid test cross can show whether or not two genes are assorting inde-
pendently and so are unlinked. If unlinked, a dihybrid test cross will yield a 
1:1:1:1 ratio of the four possible phenotypes. 

What about linked genes?
Genes do not fl oat around the nucleus like peas in soup. Each gene has its 
chromosomal location or locus.

Th e genes that are located on one chromosome form a linkage group. 
Figure 16.27 shows three of the linkage groups in the tomato (Lycopersicon 
esculentum). Th e total number of linkage groups in an organism corresponds 
to the haploid number of chromosomes. Th us, the tomato with a diploid 
number of 24 has 12 linkage groups. 

In humans, there are 22 autosomal linkage groups plus the X- and the 
Y-linkage groups, making a total of 24. Figure 16.28 shows just a few of the 
genes in the linkage groups on fi ve human chromosomes.

behaviour of linked genes
Earlier in this chapter (refer to p. 582) we explored the inheritance of unlinked 
genes. Such genes are typically located on nonhomologous chromosomes and 
their alleles assort independently into gametes.

Linked genes are located close together on a chromosome. Th e combi-
nations of their alleles on homologous chromosomes tend to stay together 
(see fi gure 16.29), but they can, on occasions, be separated by crossing over 
during meiosis. Th e closer together on a chromosome that the allelic forms 
of two diff erent genes are, the more tightly they are linked and the less 
likely they are to be separated by crossing over during gamete formation by 
meiosis. Th e consequence is that the more widely separated on a chromo-
some, the more likely that the alleles of two diff erent genes will be separated 
by crossing over.  

Th e RHD gene, which controls Rhesus blood type, and the EPB41 gene, 
which controls the shape of red blood cells, are close together on the number-1 
chromosome and so are said to be linked.

unit 2 dihybrid cross:
linked genes
Concept summary 
and practice 
questions

aOs 2
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Tall
(D)

Dwarf
(d )

Chromosome 1 Chromosome 2

Chromosome 7

Smooth
(P )

Peach
(p )

Woolly
(Wo )

Normal
(wo )

Simple
in�or. (S )

Compound
in�or. (s )

Non-beaked
(Bk )

Few locules
(Lc )

Beaked
(bk )

Many locules
(lc )

Red
(R )

Green-base
(U )

Smooth
(H )

Non-tangerine
(T )

Xanthophyllous
(Xa)

Yellow
(Wf )

Yellow
(r )

White
(wf )

Uniform fruit
(u )

Hairy
(h )

Tangerine
(t )

Green
(xa )

FiGuRe 16.27 Three of the 
12 linkage groups in the 
tomato

p
p

q

q

1

1

1

2

2

3

1

2

3

4 7 9 11 X

HD
ACH

EGFR

CFTR

TCRB

p

q

1

1

2

2

3

FRDA

ABO
ABL

p

q

1

1

2

HBB

TYR

p

q

1

2

1

2

DMD

FMR1
F8C

FiGuRe 16.28 A chromosome 
map showing a very small 
sample of the genes that form 
part of fi ve linkage groups

Sarah has elliptical red blood cells and is Rhesus positive; her genotype is 
Dd Ee. Dave has normal red blood cells and he is Rhesus negative; his 
genotype is dd ee. Consider the cross between Sarah and Dave shown in 
fi gure 16.30.

Th e fi gure shows the arrangements of the alleles of the two genes on 
the chromosomes in Sarah and David. Th eir genotypes can be written as 
DE/de and de/de respectively. Because the RHD and the EPB41 genes are 
physically close together on the number-1 chromosome, alleles of these 
two genes do not behave independently, as is the case for the TYR and the 
ABO genes.

Because the loci of two linked genes are physically close, the particular 
combination of alleles of the genes that are present on parental chromo-
somes tend to be inherited together more often than alternative combinations. 

Linked genes can also be denoted 
in other ways when the allele 
arrangements are known. For 
example:

A b
OR Ab/aB OR

A b
a B a B
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Th ese combinations of alleles can, however, be broken by crossing over during 
 meiosis so that new combinations of alleles are generated. Th e chance that this 
occurs depends on the distance between the two linked genes.

Sarah can produce both DE eggs and de eggs and the chance of each type 
is equal. Th ese eggs are called parental, or noncrossover, eggs because they 
are identical to the original allele combinations present in Sarah. Crossing over 
and an exchange of segments can occur anywhere along the paired number-1 
chromosomes. When an exchange occurs between the RHD locus and the 
EPB41 locus, recombinant, or crossover, eggs result. Sarah’s recombinant 
eggs are De and dE.

Crossing over occurs between all paired chromosomes during meiosis. A 
crossover point is more likely to occur between two genes that are widely sep-
arated on a chromosome than between two gene loci that are closer together. 
Th e closer the genes, the smaller the chance of a crossover. Because the loci of 
the RHD gene and the EPB41 gene are very close on the number-1 chromo-
some, the chance of a crossover occurring between them is small. As a result, 
Sarah’s eggs are more likely to transmit the parental than recombinant types. 
We will assume that for these two genes the chance of each kind of parental 
(noncrossover) gamete is 0.49 and the chance of each type of recombinant 
gamete is 0.01.

Since Dave is homozygous, he produces only de sperm cells — a 1.0 chance.
A Punnett square can be drawn up to show the chance of production of each 

kind of gamete, and the chance of each possible off spring (fi gure 16.31).

Sarah’s eggs

D
E

d
e

D
e

d
E

D
av

e’
s 

sp
er

m d
e

Rh+ve
elliptical

0.49 DE/de

Rh–ve
normal

0.49 de/de

Rh+ve
normal

0.01 De/de

Rh–ve
elliptical

0.01 dE/de

1.0

0.49 0.49 0.01 0.01

FiGuRe 16.31 Punnett square showing the chance of production of each 
kind of gamete, and the chance of each possible offspring for Sarah and 
Dave

For Sarah and Dave, what is the chance of a child with Rh negative blood 
and elliptical red blood cells? Th is phenotype corresponds to the genotype 
dE/de. Th e chance of this off spring is 0.01 or 1/100.

Detecting linkage
Are two gene loci linked? Th is question may be explored by looking at the 
results of a particular test cross of a known double heterozygote (Aa Bb) with 
a double homozygous recessive (aa bb). If the two gene loci are not linked, the 
genes will assort independently and the outcome of the test cross will be four 
classes of off spring in equal proportions (see fi gure 16.32).

If the two gene loci are linked, the outcome of the test cross can reveal 
that linkage. Th ere will be four classes of off spring but the proportions of these 
will not be equal. Instead, there will be an excess of off spring from parental 
gametes and a defi ciency of off spring from recombinant gametes.

FiGuRe 16.29 Alleles of 
closely linked genes are more 
likely to be inherited together 
than the alleles of widely 
separated genes. Why?

Sarah

D
E

d
e

x

Dave

d
e

d
e

FiGuRe 16.30 Independent 
assortment of alleles of two 
linked genes

Linked gene loci are located close 
together on the same chromosome 
(separated by a distance of no 
more than 40 map units) and do 
not assort independently.
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Parent 1

Because of equal numbers of each kind of offspring, we can conclude that the genes 
are not linked but assort independently, and the chromosome make-up of the cross is:

A a

B

AaBb

b

ab

AB ab Ab aB

25% 25% 25% 25%

AaBb aabb Aabb

AaBb aabb

aaBb Offspring

Ratio

Parent 1 gametes

P
ar

en
t 

2
ga

m
et

es

x

x

Parent 2

a a

b

aabb

b

FiGuRe 16.32 

From the results of a test cross with linked genes, 
it is possible to estimate the distance between the 
gene loci. Th is estimate is based on the percentage 
of recombinant off spring.

Distance 
between loci = 100 × number of recombinant off spring

total number of off spring

Th e percentage of recombinant off spring corres-
ponds to the number of map units separating the 
two genes. So, if there are 12 per cent total recom-
binant off spring, then the loci of the two genes are 
separated by about 12 map units (see fi gure 16.33).

esTiMaTiNG disTaNce BeTWeeN LiNked GeNes

Parent 1

Because of unequal numbers of parental and recombinant offspring, we can conclude that the
genes are linked, the genotypes can be written as shown in the table above and the chromosome
make-up of the cross is:

E e

EF /ef

12 map units

ef

EF ef Ef eF

44% 44% 6% 6%

EF /ef ef /ef Ef /ef

EeFf eeff

eF /ef Offspring

Ratio

Parent 1 gametes

Parental type Recombinant type

P
ar

en
t 

2
ga

m
et

es

x

x

Parent 2

e e

F f f f

ef /ef
FiGuRe 16.33 

UNCORRECTED P
AGE P

ROOFS



589CHaPter 16 Genetic crosses: rules of the game

Predicting outcomes of crosses for linked genes
When a test cross is carried out with two genes that are known to be linked 
and are separated by a known number of map units (but fewer than 40), 
the outcome of the cross can be predicted. For example, if two linked 
genes are separated by, say, 8 map units, then a test cross involving these 
genes will produce about 8 per cent of the recombinant type off spring and 
about 92 per cent of the parental type off spring. Th e actual genotypes and 
phenotypes of the recombinant off spring depend on which alleles of the 
two genes were together originally on the one chromosome in the hetero-
zygous parent, before any crossing over occurred during gamete formation. 
For example, the test cross RT/rt × rt/rt gives 8 per cent recombinant off -
spring. Th e cross Rt/rT × rt/rt also gives 8 per cent recombinant off spring. 
However, the genotypes of the recombinant off spring diff er in each case as 
shown in fi gure 16.34.

Female

R r

RT /rt

8 map units

46% 46% 4% 4%

RT/rt rt/rt rT/rt Rt/rt

Parental type Recombinant type

46% 46% 4% 4%

Eggs of RT/rt parent

Offspring and their proportions

S
p
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m

 o
f r

t/
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t
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r r

T t

r r
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t t
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t

r

T
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t

t t
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R r
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8 map units

46% 46% 4% 4%

Rt/rt rT/rt rt/rt RT/rt

Parental type Recombinant type

46% 46% 4% 4%

Eggs of Rt/rT parent
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f r

t 
/r

t 
p

ar
en

t

x

Male
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R

t

r

T

r

t

R

T
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FiGuRe 16.34 Note that the outcome of a test cross involving two linked genes allows you 
to deduce how the alleles of the genes are arranged on the chromosomes of 
the heterozygous parent.
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key ideas

 ■ Dihybrid crosses involve alleles of two different genes.
 ■ The outcome of a dihybrid cross of two heterozygotes is four phenotypes 
in the ratio of 9:3:3:1.

 ■ A dihybrid test cross may be used to identify whether or not two genes are 
linked.

 ■ The closer two linked genes are, the less the chance that crossing over will 
separate the parental arrangement of alleles.

 ■ When genes are linked, parental gametes are formed in addition to smaller 
numbers of recombinant gametes.

Quick check

2 Identify whether each of the following statements is true or false.
a  An organism heterozygous at two gene loci will produce two kinds of gametes.
b  An offspring from a dihybrid cross of two heterozygotes has a 1 in 16 

chance of showing both recessive traits.
c The expected outcome from a dihybrid test cross is four phenotypes in 

the ratio of 1:1:1:1.
3 What is the difference between a parental and a recombinant gamete?
4 A person has the genotype rt/rt. Will he produce more gametes of type RT 

than Rt?

genetic testing and screening
Genetic screening refers to the testing of segments of a population, as part of 
an organised program, for the purpose of detecting inherited disorders. In gen-
etic screening, testing is available to all members of a population group even if 
they have no obvious signs of any disorder. One example of genetic screening 
is the testing of all newborns for several inherited disorders (see below). 

Genetic screening is carried out when:
1. members of the population being screened can benefit from early detection 

of an inherited disorder
2. a reliable test exists that, in particular, does not produce false negative 

results. (A false negative occurs when an affected person fails to be detected 
by the test.) 

3. the benefit is balanced against costs (including financial cost) 
4. appropriate systems are in place to provide treatment and other follow-up 

services. 
Genetic testing refers to the testing of an individual, most commonly an ‘at 

risk’ person. Such testing may be for various reasons, for example, determining 
the person’s risk of being affected by an inherited disorder where a family 
history of disorder is present, or determining the genetic risk of offspring of 
known carriers of genetic disorders (see below).

genetic screening
In Australia, newborn babies are screened shortly after birth for a number of 
inherited disorders. These conditions are rare, do not show symptoms at birth 
and most commonly occur in babies where there is no family history of the 
disorder. If not identified early, these disorders can have serious negative con-
sequences on a baby’s mental and physical development. Parents must give 
their informed consent for the genetic screening of their baby. 

Figure 16.35 shows the procedure for newborn screening (NBS) that starts 
with the informed consent of the parents. More than 99 per cent of parents 
give their consent for NBS. 

unit 2 Genetic 
screening
Concept summary 
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Baby born
Informed consent sought

from parents for NBS

Sample taken by
heel-prick, blood dried on
newborn screening card

Concerns discussed
with parents

Test not performed

Con�rmatory tests
performed

Management plan
initiated

Card destroyed after
a de�ned time or
de-identi�ed and

returned for possible
research

Some cards used for
quality assurance,

retesting or research
with parental consent

Card securely stored
by newborn screening

laboratory

Tests performed

Agreement not given

Condition not con�rmed

Condition con�rmed

Agreement
still not givenAgreement

Condition
indicated

No condition
indicated

Card sent to newborn
screening laboratory

FiGuRe 16.35 Procedure for 
newborn screening (NBS)

Th e genetic disorders for which screening is performed in Australia are: 
• phenylketonuria. Phenylketonuria  (PKU) is an inherited disorder that occurs 

in about one in every 10 000 babies. An aff ected person fails to produce a 
particular liver enzyme (phenylalanine hydroxylase) and so is unable to 
metabolise the amino acid phenylalanine (Phe) to tyrosine. Th e build-up 
of phe results in brain damage. With early detection of the condition and 
supply of a diet with low levels of phenylalanine (refer to fi gure 15.9, p. 559), 
a baby with PKU will develop normally, both mentally and physically.

• cystic � brosis. Cystic fi brosis (CF) is an inherited disorder that occurs in 
about one in every 2500 babies. A person with CF produces abnormal 
secretions that have a serious adverse eff ect on the function of the lungs and 
on digestion. Recent advances in treatment have greatly improved the prog-
nosis for these babies, so early diagnosis and treatment are important.
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• galactosaemia. Galactosaemia is an inherited disorder that occurs in about 
one in every 40 000 babies. Lactose, a disaccharide in milk, is digested into 
galactose and glucose, which then enter the bloodstream. A baby with galac-
tosaemia lacks the enzyme that metabolises galactose and dies if untreated 
because of the build-up of galactose in the blood. Prompt treatment with 
special milk that does not contain lactose completely prevents the develop-
ment of this condition. (Th is is another example of an interaction between 
genotype and environment determining a person’s phenotype.)

• congenital hypothyroidism. Hypothyroidism is a disorder caused by a small 
or improperly functioning thyroid gland, or even its complete absence, and 
occurs in about one in every 3500 babies. Untreated, a baby with hypo-
thyroidism lacks the thyroid hormone and has impaired growth and brain 
development. Early treatment with a daily tablet of thyroid hormone means 
the baby develops normally, both physically and mentally.

How is genetic screening of babies carried out? 
In the fi rst few days after birth a baby’s heel is pricked and a few drops of blood 
are placed on a card made of special absorbent paper, rather like blotting 
paper (see fi gure 16.36a and b). Th is sample is sent to a laboratory where tests 
for the genetic disorders identifi ed above are carried out on the dried blood. In 
addition, testing for some other rare metabolic disorders may also occur. 

FiGuRe 16.36 (a) Nurse 
taking a blood sample from 
the heel of a baby a few 
days after its birth. The blood 
sample is transferred onto 
a special card. (b) Newborn 
screening card with blood 
samples from a baby

(a)

(b)
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In the case of screening for PKU, a technology known as mass spectrometry 
is used. Th is instrument can directly measure the level of phe and other amino 
acids in a baby’s blood. Figure 16.37 shows the levels of phe in the blood of a 
normal baby who has the liver enzyme needed to metabolise phe compared 
with that of a baby who lacks the liver enzyme and has PKU. Note the diff er-
ence between the levels of phe in the blood of the two babies.

0 m/z

100

140 160 180 200 220 240 260

%

0

100

d4–Ala

d3–Leu

d3–Met

d5–Phe d6–Tyr
%

FiGuRe 16.37 Mass 
spectrometry scans showing: 
(a) normal amounts of amino 
acids in baby’s blood and 
(b) severely elevated phe in 
blood of an untreated baby 
with PKU (red arrow).

(a)

(b)

genetic testing
Genetic testing refers to the scientifi c testing of an individual’s genotype. In 
general, the availability of genetic testing in Australia is aff ected by decisions 
about which tests are ethically acceptable and by a cost–benefi t analysis of 
specifi c tests. A referral from a medical practitioner is typically needed for 
medical genetic testing and, if it proceeds, pre- and post-test counselling is 
required.

Genetic testing may be carried out for various reasons, for example, on 
people who are at high risk of inheriting a faulty gene, based on their family 
history of occurrence of an inherited disorder. 

Such persons include:
• women from families with a history of breast or ovarian cancer. Development 

of these cancers is associated with two faulty genes, BRCA1 and BRCA2. 
Genetic testing of such women can identify whether or not they have inher-
ited one of these genes, which would place them at a much higher risk of 
developing breast and/or ovarian cancer. Knowing her genotype enables a 
woman to make an informed decision about any strategies to reduce her risk 

• a person whose parent died from Huntington’s disease (HD), a later onset 
inherited dominant phenotype that causes progressive dementia and invol-
untary movements. Th e onset of HD is in adulthood, with the fi rst signs 
appearing only when the person reaches their mid- to late-thirties. Persons 
in their late teens or twenties who are at risk of HD may wish to have 
pre-symptomatic genetic testing to fi nd out if they have inherited the HD 
allele from their aff ected parent. Th is testing is performed only after coun-
selling is given. Counselling is also required following the testing. 

Other reasons for genetic testing of an individual may include: 
• to identify paternity in situations of disputed paternity
• to diagnose a suspected inherited condition in a person who shows certain 

symptoms
• to guide medical treatment of a person
• to identify the carrier (heterozygous) status of a person for an inherited 

condition
• for forensic purposes. 

Odd FacT

Across Australia, more than 
200 different genetic (DNA) 
tests are available through 
more than 40 laboratories. 

Odd FacT

Angelina Jolie is a high profi le 
actor who, after discovering 
that she had inherited a 
brCa gene from her mother, 
elected to have a double 
mastectomy and made her 
decision public.
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Genetic testing off ers the advantage of giving certainty in an otherwise uncer-
tain situation and allaying fears when testing shows that a person has not inher-
ited a particular genetic defect. However, the disadvantages of genetic testing 
are that, in spite of pre-test and post-test counselling, some persons may not be 
able to cope with fi nding out that they have inherited a faulty allele which has 
serious clinical consequences. Also a test result for one person may have impli-
cations for family members of that person. If a person is tested and fi nds that he 
has a faulty allele that will cause major problems in later life or place him at high 
risk of a particular disease, should this person advise other members of their 
family, such as siblings? What about a potential marriage partner?

key ideas

 ■ Genetic screening refers to screening of a large population group for 
inherited disorders.

 ■ Genetic testing refers to the testing of the genetic status of an individual.  
 ■ Screening is carried out on all newborn babies in Australia.
 ■ Genetic testing of individual persons may occur for many different reasons.

Quick check

5 Identify whether each of the following statements is true or false.
a  In Australia, newborns are screened for all inherited disorders.
b Genetic testing may be carried out for forensic purposes.
c Some genetic tests are carried out only after pre- and post-test 

counselling.
6 What are the two genes associated with a higher risk of breast and 

ovarian cancer?

family pedigrees: patterns of 
inheritance
A family portrait is an important record of events in the life of a particular 
family. Photographs of groups of family members are commonly taken on 
occasions such as a wedding, a twenty-fi rst birthday party or a graduation. 
A diff erent kind of family picture can be made to show the inheritance of a 
particular trait. Th is kind of picture is called a pedigree. In drawing a human 
pedigree, certain symbols are used (see fi gure 16.38). To provide evidence in 
support of a given mode of inheritance, a pedigree should show: 
1. an adequate number of persons, both aff ected and unaff ected
2. persons of each sex
3. preferably three generations.

Key to symbols

Normal female Carrier (heterozygote)

Non-identical twins

Identical twins

I, II First, second, etc., generation

Normal male

Female with the trait
being investigated

Male with the trait
being investigated

Mating line

1 2

1 2

1 2 3 4 5 6

3 4

I

lI

llI

FiGuRe 16.38 A pedigree and 
explanation of symbols used
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Th e pattern of inheritance of a trait in a pedigree may provide information 
about the trait. Th e pattern may indicate whether:
• the trait concerned is dominant or recessive
• the controlling gene is located on an autosome or on a sex chromosome.
However, a single pedigree may not always provide conclusive evidence.

autosomal dominant pattern
Figure 16.39 shows the pattern of appearance of familial hypercholesterol-
aemia in a family. Th is is an inherited condition in which aff ected individuals 
have abnormally high levels of cholesterol in their blood. Aff ected individuals 
are at risk of suff ering a heart attack in early adulthood. Th e gene concerned is 
the LDLR gene located on the short arm of chromosome 19. Abnormally high 
blood cholesterol level (B) is dominant to normal levels (b). So, hypercholeste-
rolaemia is expressed in a heterozygote.

I

II

III

IV

1 2

1 2 3 4 5

1 2 3

6 7

1 2 3

5 64

FiGuRe 16.39 Pedigree for highly elevated blood cholesterol levels, an autosomal 
dominant trait. Does every affected person have at least one affected parent?

An idealised pattern of inheritance of an autosomal dominant trait includes 
the following features:
• Both males and females can be aff ected.
• All a� ected individuals have at least one a� ected parent.
• Transmission can be from fathers to daughters and sons, or from mothers to 

daughters and sons.
• Once the trait disappears from a branch of the pedigree it does not reappear.
• In a large sample, approximately equal numbers of each sex are aff ected.
Other autosomal dominant traits include:
• Huntington’s disease, a degenerative brain disorder; controlled by the HD 

gene on the short arm of the number-4 chromosome 
• achondroplasia, a form of dwarfi sm; controlled by the ACH gene on the 

short arm of the number-4 chromosome 
• familial form of Alzheimer disease; controlled by the AD1 gene on the long 

arm of the number-21 chromosome 
• defective enamel of the teeth; controlled by the DSPP gene on the number-4 

chromosome 
• neurofi bromatosis, the ‘Elephant man’ disease; controlled by the NF1 gene 

on the number-17 chromosome 
• familial breast cancer; controlled by the BRCA1 gene on the number-17 

chromosome 
• lip pits and cleft palate; controlled by the IRF6 gene on the number-1 

chromosome.
Cleft palate can have several other 
causes, besides a genetic cause.

UNCORRECTED P
AGE P

ROOFS



Nature of biology 1596

autosomal recessive pattern
Figure 16.40 is a pedigree showing the pattern of inheritance of oculo-cutaneous 
albinism, a condition in which pigmentation is absent from skin, eyes and hair. 
Albinism (a) is an autosomal recessive trait.

I

II

III

IV

1 2

4 5

21 43

2 31

1 2

86 7

1 2 3

FiGuRe 16.40 Pedigree for albinism, an autosomal recessive condition. Can a 
person show an albino phenotype even though neither parent has the condition?

An idealised pattern of inheritance of an autosomal recessive trait includes 
the following features:
• Both males and females can be aff ected.
• Two una� ected parents can have an a� ected child.
• All the children of two persons with the condition must also show the condition.
• Th e trait may disappear from a branch of the pedigree, but reappear in later 

generations; that is, it can ‘skip a generation’.
• Over a large number of pedigrees there are approximately equal numbers of 

aff ected females and males.
Other autosomal recessive traits include:
• cystic fi brosis; controlled by the CFTR gene on the number-7 chromosome 
• thalassaemia, a blood disorder; controlled by the HBB gene on the 

number-11 chromosome 
• Tay-Sachs disease, a degenerative disease of the central nervous system that 

causes death in infancy and is common in Jewish people of middle-European 
ancestry; controlled by the HEXA gene on the number-15 chromosome 

• Wilson disease, a disease in which copper metabolism is abnormal; con-
trolled by the WND gene on the number-13 chromosome 

• insulin-dependent diabetes mellitus-1; controlled by the IDDM1 gene on 
the number-6 chromosome 

• phenylketonuria; controlled by the PKU gene on the number-12 chromosome 
• red hair colour and fair skin (see fi gure 16.41); controlled in part by the 

MC1R gene on the number-16 chromosome 
• a form of osteogenesis imperfecta (‘brittle bones’), a disorder aff ecting the 

collagen protein of bones; controlled by the COL1A1 gene on the number-17 
chromosome 

• galactosaemia, a disease in which a person cannot metabolise the simple 
sugar (galactose) found in milk; controlled by the GALT gene on the 
number-9 chromosome.

X-linked dominant pattern
Figure 16.42 shows a pedigree for one form of vitamin D–resistant rickets in 
a family. Th is form of rickets is an X-linked dominant trait, controlled by the 
XLHR9 gene located on the X chromosome and is expressed even if a person 
has just one copy of the allele responsible.

FiGuRe 16.41 Simon’s red 
hair is an example of an 
autosomal recessive trait. 
Must his parents also have 
red hair?UNCORRECTED P
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I

II

III

IV

1 2

1 2 3 4

1 2

5 6

1 2

3 4

3 4

FiGuRe 16.42 Pedigree for 
vitamin D–resistant rickets, an 
X-linked dominant condition. 
Look at the daughters and 
sons of affected males. What 
pattern is apparent? Could 
daughters of person III-3 show 
the trait?

An idealised pattern of inheritance of an X-linked dominant trait includes 
the following features:
• A male with the trait passes it on to all his daughters and none of his sons.
• A female with the trait may pass it on to both her daughters and her sons.
• Every aff ected person has at least one parent with the trait.
• If the trait disappears from a branch of the pedigree, it does not reappear.
• Over a large number of pedigrees, there are more aff ected females than males.
Other X-linked dominant traits include:
• incontinentia pigmenti, a rare disorder that results in the death of aff ected 

males before birth; controlled by the IP2 gene on the X chromosome 
• Rett syndrome, a neurological disorder; controlled by the MECP2 gene on 

the X chromosome.

X-linked recessive pattern
Figure 16.43 shows the pattern of appearance of favism in a family. Favism is a 
disorder in which the red blood cells are rapidly destroyed if the person with 
this condition comes into contact with certain agents. Th ese agents include 
substances in broad beans and mothballs.

Favism results from a missing enzyme and is controlled by the G6PD gene on 
the long arm of the X chromosome (Xq28). Favism (f  ), which occurs when the 
G6PD enzyme is absent from red blood cells, is recessive to the unaff ected con-
dition (F), which occurs when the enzyme is present. Th e condition of favism is 

inherited as an X-linked recessive and is expressed only in females 
with the homozygous (ff   ) genotype or in males with the hemizygous 
(f  ) (Y) genotype.

An idealised pattern of inheritance of an X-linked recessive trait 
includes the following features:
• All the sons of a female with the trait are a� ected.
• All the daughters of a male with the trait are carriers of the trait 

and do not show the trait; the trait can appear in their sons.
• None of the sons of an aff ected male can inherit the condition 

from their father.
• All children of two individuals with the trait will show the trait.
• In a large sample, more males than females show the trait.
Other X-linked recessive traits include:
• ichthyosis, an inherited skin disorder; controlled by the STS 

gene on the X chromosome 
• one form of red–green colourblindness; controlled by the CBD 

gene on the X chromosome
• one form of severe combined immunodefi ciency disease; con-

trolled by the SCIDX gene on the X chromosome 
• haemophilia, an inherited blood-clotting disorder; controlled by 

the F8C gene on the X chromosome 

Odd FacT

Rett syndrome occurs almost 
exclusively in females, 
because affected males 
typically die before birth, 
apart from a few who survive 
to term but die not long after 
birth. This suggests that the 
presence of one normal allele 
can compensate in part for 
the defective allele.

I

II

III

IV

V

1 2

1 2

1 2 3

543

21

54321

FiGuRe 16.43 Pedigree for favism — 
an X-linked recessive disorder. Can this 
disorder ‘skip a generation’?
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• one form of mental retardation, known as fragile X syndrome; controlled by 
the FMR1 gene on the X chromosome 

• Duchenne muscular dystrophy; controlled by the DMD gene on the 
X chromosome. 

Y-linked pattern
Y-linked genes are inherited in a pattern that diff ers from that seen in autosomal 
and X-linked genes. All Y-linked genes show a pattern of paternal inheritance 
in which the DNA of Y-linked genes is transmitted exclusively from males to 
their sons only. Th e AMELY gene that controls the organisation of enamel 
during tooth development is located on the Y chromosome, and so is Y-linked. 
Figure 16.44 shows the pedigree for inheritance of this defective tooth enamel 
trait. Other traits that are Y-linked include the SRY gene that encodes a testis- 
determining factor and some other genes that aff ect sperm formation. 

1 2 3 4 5 6 7 8 9 10

II

I

III

IV

1

1

2

1 2

2 3 4 5 6 7 8 9 10 11

3 5 64

FIGURE 16.44 Pedigree 
for Y-linked inheritance of 
defective tooth enamel trait

An idealised pattern of inheritance of a Y-linked trait includes the following 
distinctive features:
• Only males can show the trait.
• An aff ected male with the trait will pass the allele to all his sons, who, in 

turn, will pass it to all their sons, and so on across generations.
• An aff ected male cannot pass the trait to his daughters.
• No aff ected females can appear in the pedigree.
• Th e trait cannot skip a generation and then re-appear.

mtDNA: maternal pattern of inheritance
Most of the DNA present in diploid human cells is present in the nuclei of 
these cells. Th e nuclear DNA contains more than 3 thousand million base pairs 
and, during cell division, this DNA is organised into chromosomes. In all, this 
DNA carries about 21 000 genes. A tiny package of DNA, termed mtDNA, is 
present in the mitochondria of the cell cytosol, and this mtDNA contains just 
16  569 base pairs that carry 37 genes. 

Inherited disorders due to mitochondrial genes include:
• Leber optic atrophy (LHON), which causes loss of central vision, with onset 

in young adults
• Kearns–Sayre syndrome, which is expressed as short stature and degeneration 

of the retina and oncocytoma, which is expressed as benign tumours of the 
kidney

• MERRF syndrome, which involves defi ciencies in the enzymes concerned 
with energy transfers.

elesson
Autosomal recessive disorders
med-0266

Interactivity
Pedigree for X-linked dominant trait
int-0199
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Th e transmission of mtDNA, along with the genes it carries, follows a dis-
tinctive pattern as shown in fi gure 16.45. Traits on mtDNA show a pattern of 
exclusive maternal inheritance with mitochondrial genes being transmitted 
from a mother via her egg to all her off spring, however, only her daughters can 
pass this trait on. 

II

I

III

1 2

1 2

3 7 84

654321 8 9 10 11 12 137

5 6

FiGuRe 16.45 mtDNA pattern An idealised pattern of inheritance of traits controlled by genes on the 
mtDNA includes the following features:
• Each mtDNA-controlled trait passes from a mother to all off spring, both 

female and male.
• While males can receive the trait from their mothers, they cannot pass it on 

to their children. 
• Only females can transmit mtDNA traits to their children.

key ideas

 ■ A pedigree uses symbols to show the appearance of an inherited trait 
across generations.

 ■ Features of the pattern of inheritance may allow conclusions to be drawn 
regarding its mode of inheritance.

 ■ Common modes of inheritance are autosomal dominant, autosomal 
recessive, X-linked dominant and X-linked recessive.

 ■ Y-linked genes show a pattern of paternal inheritance. 
 ■ Mitochondrial genes show a pattern of maternal inheritance.

Quick check

7 The pattern of inheritance of a disorder in a large family shows that all 
persons with a particular inherited trait have at least one parent with that 
disorder. Suggest a likely mode of inheritance of this disorder.

8 What is the difference between paternal inheritance and maternal 
inheritance?  

9 Identify whether each of the following statements is true or false.
a  An X-linked dominant trait can be passed from a father to his daughter.
b  A recessive trait can skip a generation.
c A dominant trait can never be lost from a pedigree.
d To draw reasonable conclusions about a possible mode of inheritance of 

a trait, a pedigree must contain adequate numbers of affected persons of 
both sexes and across more than one generation. 
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It is April 1910. Th omas Hunt Morgan (1866–1945) is 
in his small laboratory at Columbia University and 
picks up a glass bottle that contains a large number 
of fruit fl ies (Drosophila melanogaster). He uses 
these small fl ies, that are less than 3 mm long, for his 
genetic experiments because: 
1. they breed easily and rapidly in captivity 
2. they require little space and can be maintained in 

small glass containers 
3. they produce large numbers of off spring, for 

example, a female lays up to 200 eggs just 2 weeks 
after mating 

4. the two sexes can be readily distinguished. 
In addition, Drosophila have a small number of 
chromosomes (2n = 8) so that their chromosomes 
can be readily examined and identifi ed using a 
microscope and, like mammals, Drosophila have an 
XX/XY sex-determining mechanism. 

Morgan suddenly becomes excited when he sees 
the unexpected. Among the many fl ies with their 
normal red eye colour, he notices an oddity — a 
male fl y with white eyes. 

In order to clarify the inheritance of this char-
acter, Morgan crosses this white-eyed male with a 
pure-breeding red-eyed female fl y. As expected, 
Morgan fi nds that all the F1 fl ies are red-eyed and 
so he concludes that red eye colour is dominant 
to white. (So far, Mendel would not have been 
surprised.) 

FiGuRe 16.46 Results of Morgan’s cross starting 
with a red-eyed female and a white-eyed male in 
the P generation. What was unusual about the F2 
generation? 

Morgan then crosses the red-eyed F1 fl ies to pro-
duce an F2 generation. In terms of eye colour, the F2 
fl ies are of two kinds, red and white, and there is an 
average of about three red-eyed to one white-eyed. 
The red-eyed flies include both males and females 
as expected (still no surprise for Mendel). However, 
when Morgan looks more closely, he finds that all 
the white-eyed fl ies are males — not one white-eyed 
female is present. (Th is would have surprised Mendel.) 
Morgan’s results are summarised in fi gure 16.46.

Morgan then carries out the reciprocal cross by 
mating pure-breeding white-eyed females with true-
breeding red-eyed males (see fi gure 16.47). Th e result 
in the F1 generation is diff erent from that obtained in 
his fi rst cross. Th e F1 generation is quite unexpected; 
it consists of red-eyed females and white-eyed males 
in about equal numbers. Morgan then allows these 
fl ies to mate to produce the F2 generation. Th is gen-
eration consists of red-eyed fl ies, both male and 
female, and white-eyed fl ies, both male and female. 
How could these unexpected results be explained? 

FiGuRe 16.47 Result of Morgan’s reciprocal cross 
starting with a white-eyed female and a red-eyed 
male. What is unusual about the F1 generation? 

Like Mendel about 45 years earlier, Morgan thought 
about his experimental results and developed an 
explanation to account for these results. Morgan con-
cluded that the gene producing the white-eyed pheno-
type was located on the X chromosome of Drosophila. 
By reaching this conclusion, Morgan became the fi rst 
person to provide experimental evidence linking one 
particular gene to one particular chromosome. 

Th MORGaN aNd The FLies 
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Th is gene controls eye colour and has the alleles 
W: red and w: white and is located on the X chro-
mosome. Th is gene is said to be sex-linked or more 
accurately X-linked. A female fl y has two X chromo-
somes and so has two alleles of this gene and can 
have three diff erent genotypes. A male fl y has just 
one X chromosome and so has only one allele (see 
table 16.3). 

TaBLe 16.3 Genotypes and phenotypes for 
the X-linked gene in Drosophila controlling eye 
colour. Note that the gene is not present on the Y 
chromosome. In the table the symbol (Y) denotes the 
Y chromosome.

Sex of fl y 
Sex 

chromosomes genotype Phenotype

female XX WW
Ww
ww

red-eyed
red-eyed
white-eye

male XY W (Y)
w (Y)

red-eyed
white-eyed

We can re-examine Morgan’s results and show 
them in terms of the alleles of this X-linked gene (see 
fi gure 16.48). 

Morgan later found other Drosophila varieties that 
showed the same sex-linked pattern of inheritance. 
He found that yellow body colour and reduced wings 
were also located on the X chromosome.

FiGuRe 16.48 The pattern of inheritance for the 
X-linked eye colour gene in Drosophila. (a) The cross 
of a red-eyed female and a white-eyed male. (b) The 
reciprocal cross of a white-eyed female and a red-
eyed male.

w
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W W
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W W
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w
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BIOCHALLENGE

Mendelian genetics in forensics

On each human autosome are regions of DNA that consist 
of repeats of short base sequences, often just two to four 
bases. These regions are known as short tandem repeats 
(Strs). The number of sequence repeats at each location 
can vary in different people. At one STR locus, one person 
may have 10 repeats of a short base sequence on one 
of their chromosomes and 8 repeats on the homologous 
chromosome. Another person may have 12 and 17 repeats 
on the corresponding chromosomes, and yet another 
person may have 13 repeats on both chromosomes. 
The repeats of one STR are like alleles of one gene that 
separate into different gametes. The STRs on different 
chromosomes behave like alleles of different unlinked 
genes that separate independently into different gametes. 
However, the DNA present at each STR does not produce 
a visible phenotype. 

Usually alleles of one gene are denoted by letters, such 
as A and a, and a person’s genotype is shown as AA 
or Aa or aa. The alleles of a different gene are shown 
by a different letter, such as B and b. However, the DNA 
at each STR at each locus are denoted by numerals 
(separated by commas) that indicate the number of 
repeats on each chromosome. So, at one STR locus, 
a person’s genotype might be shown as 8,10 and this 
person will produce gametes with either 8 repeats or 10 
repeats of the sequence at that locus. At a different STR 
locus, the same person’s genotype might be 12,17 and at 
a third STR locus, the person’s genotype might be 13,13. 
Note that a person can be homozygous or heterozygous at 
each of the STR loci. 

The expected result of the cross of two persons with the 
SRT repeats 15,17 and 13,19 is shown in the Punnett 
square in fi gure 16.49. 

15Gametes

13, 1513 13, 17

15, 1919 17, 19

17

FiGuRe 16.49

Table 16.4 shows some genotypes for two adults and 
three children at fi ve STR loci.

TaBLe 16.4

locus 
adult 
female

adult 
male Child#1 Child #2 Child #3

STR1 15,16 15,16 15,16 15,16 15,16

STR2 8,8 7,10 8,10 7,8 8,10

STR3 3,5 7,7 5,7 5,7 3,7

STR4 12,13 12,12 12,13 12,13 12,13

STR5 32,36 11,32 11,32 11,36 32,36

1 Refer to the data given in table 16.4 to answer the 
following questions.
a At the STR1 locus, what gametes could the adult 

female produce?
b At the STR2 locus, what gametes could the adult 

female produce?
c At which STR locus would the cross of the two adults 

be shown as 3,5 x 7,7.

2 For each of the fi ve STR loci in table 16.4, draw a 
Punnett square to show the expected result of a cross 
between the two adults.
a For SRT1 locus, could each of the three children be 

the result of a cross between the two adults? 
b For the SRT2 locus, could the three children be the 

result of a cross between the two adults?
c At the third, fourth and fi fth SRT loci, can any one of 

the children be excluded as being a child of the two 
adults? 

3 The DNA samples used to produce these STR 
genotypes came from the bones of skeletons that were 
unearthed in shallow graves near Ekaterinberg in Russia. 
Other lines of evidence suggested that the skeletons 
were those of Tsar Nicolas, his wife (the Tsarina) and 
three of their children (see fi gure 16.50). Does the DNA 
evidence of the short tandem repeats provide further 
supporting evidence? 

FiGuRe 16.50 Members of the Russian 
royal family murdered in 1917 in 
Ekaterinberg
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unit 2
Pedigree charts, genetic cross outcomes 
and genetic decision making

sit topic test

aOs 2

Topic 4Chapter review

Key words
albinism 
antigen 
chance (probability)
crossing over 
cystic fi brosis (CF)
dihybrid cross 
dominance 
dominant phenotype 
genetic screening 

genetic testing 
Ishihara colour plates 
linkage group 
linked genes 
locus
maternal inheritance 
melanin 
melanocytes 
monohybrid cross

mtDNA 
parental (noncrossover) 

egg 
paternal inheritance 
pedigree
pre-symptomatic genetic 

testing 
Punnett square
pure breeding

recombinant (crossover) 
egg 

short tandem repeats 
(STRs)

test cross 
tyrosinase 
X-linked gene
Y-linked gene

Questions
 1  Making connections between concepts ➜ Use 

at least eight of the chapter key words to draw a 
concept map relating to Mendelian inheritance. You 
may use any other words in drawing your map.

 2 Applying understanding in a new context ➜ 
a In cats, one autosomal gene controls fur length, 

with short fur (S) being dominant to long fur 
(s). A second autosomal gene unlinked to the 
fi rst controls the density of colour and has 
the alleles black (D) and grey (d). Is either 
of these genes located on one of the sex 
chromosomes?

b A grey male cat with long fur (cat 1) is crossed 
with a black female cat with short fur (cat 2).
    i  Write the genotype of cat 1 and draw a 

simple chromosomal picture showing this 
genotype.

   ii  How many kinds of gametes can cat 1 
produce?

iii  What is the phenotype of cat 2?
  iv  List all possible genotypes for cat 2.
     v  If cat 2 produced many kittens and, regardless 

of the phenotype of the other parent, the 
kittens were always black and short furred, 
what does this suggest about the genotype of 
cat 2?

 3 Developing and evaluating hypotheses ➜ In a 
certain breed of dog, the coat colouring is either 
black or brown (also known as liver). A number 
of observations were made about this breed as 
follows:
■ Brown by brown matings always produced brown 

pups.
■ Black by black matings sometimes produced all 

black pups, but in other similar matings produced 
both black and brown pups.

Suggest a possible genetic basis for this colouring in 
dogs.

 4 Draw a Punnett square to show the possible 
genotypes and phenotypes from the following 
crosses.
a Bay mare (Bb) × chestnut stallion (bb)
b Bay mare (Bb) × bay stallion (Bb)

 5 Recognising patterns ➜ Examine the pedigrees in 
fi gure 16.51 and suggest the most likely pattern(s) of 
inheritance for each trait. Explain your choice(s).

(a)

(b)

FiGuRe 16.51

 6 Applying principles ➜ Make simple drawings 
to show the relevant chromosome pair(s) and 
appropriate alleles for the following persons (refer 
to table 13.6, p. 514 for allele symbols).
a A man with normal colour vision
b A woman with normal colour vision, but who is a 

carrier of colour vision defect
c A person with AB blood type and Rhesus 

negative
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 7 Making predictions ➜ For persons (a) and (b) in 
question 6:
a Identify the types of gametes that they would be 

expected to produce.
b What diff erent kinds of children in terms of 

colour vision capability could they produce?
c Could this couple produce a colourblind 

daughter? Explain.
 8 Demonstrating your understanding ➜ Two genes 

located close together on chromosome 9 are the 
ABO gene, with the alleles IA, IB and i, and the 
NPS gene, with the alleles N (deformed nails) 
and n (normal nails). Fred is blood type O and is 
homozygous for normal nails. Gina is blood type 
AB and is heterozygous for deformed nails.
a What is Fred’s genotype?
b What kind(s) of sperm can Fred produce?
c Can crossing over aff ect the kinds of sperm that 

Fred produces? Explain.
d What is Gina’s genotype?
e Draw Gina’s pair of number-9 chromosomes 

showing one possible arrangement of the alleles 
of the two genes.

f What kinds of parental (noncrossover) eggs can 
Gina produce?

g What kinds of recombinant (crossover) eggs can 
Gina produce?

 9 Applying principles ➜ Consider the typical 
features in the pedigree for inheritance of an 
X-linked dominant trait. Explain how this pattern 
would change if all aff ected males died in infancy.

 10 Interpreting data ➜ A test cross between a 
heterozygous curly, green-leafed plant — genotype 
Kk Gg — and a recessive straight, red-leafed plant — 
genotype kk gg — produced the following results:
■ curly, green: 42 straight, red: 38
■ curly, red: 5 straight, red: 5.
a Do the results support the conclusion that the 

genes for leaf shape and leaf colour are linked? 
Explain.

b What result would be expected if the 
two genes were not linked but assorted 
independently?

 11 Human pedigree ➜

I

II

III

1 2

1 2 3 4 5

1 2 3 4 5 6

FiGuRe 16.52

a What mode of inheritance is shown for the trait 
in the pedigree in fi gure 16.52?

b What evidence supports your decision in 
part (a)?

c If a fourth child of II-5 and II-6 was also aff ected, 
would it change your conclusion in part (a)?

d If individual II-2 was aff ected, would this 
pedigree fi t an autosomal dominant mode of 
inheritance? 

 12 Applying knowledge and understanding in a new 
context ➜ Gavin is blood group A and Sally is 
blood group B.
a Write the possible genotypes for Gavin.
b Write the possible genotypes for Sally.
c Th eir daughter is blood group O. Does this fact 

enable you to identify defi nitely Gavin and 
Sally’s genotypes? Explain.

d Gavin and Sally’s newborn son is about to be 
tested for blood type. What blood type might 
this baby be? Justify your answer making use of 
a Punnett square.

 13 Applying principles ➜ Figure 16.1 shows an 
albino wallaby (Macropus rufogriseus) with her 
normal pigmented joey.
a Identify a particular cross involving this female 

parent that could produce this off spring. Your 
answer should include the identifi cation of a 
gene, its alleles and the two parental genotypes 
involved.

b What other types of off spring, if any, could 
result from the cross that you have identifi ed 
in part (a)? 

c Th is particular female wallaby later produced an 
albino joey. Student P stated: ‘Th e male parent 
must also have been an albino wallaby’. Student 
Q said: ‘Not necessarily’. Which student do you 
think is correct? Briefl y explain.

UNCORRECTED P
AGE P
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