
KNOWLEDGE AREA: 
Life Processes in Plants and 
Animals

TOPIC 2.2:  Genetic  and 
Inheritance

Monohybrid Crosses



Monohybrid Crosses

Mendel’s Experiments

Mendel’s law of Dominance

Mendel’s Law of segregation

Types of Dominance

Multiple Alleles

Blood Grouping



 This year we will look at 2 types of genetic crosses.
 These are…
1. Monohybrid crosses and 
2. Dihybrid crosses
 We will look at dihybrid crosses later.

Lets start with monohybrid crosses first.

 A monohybrid cross is a cross involving 
only one set of contrasting characteristics.

 Here when we speak of a cross we mean 
reproduction.



 The characteristics are things like hair colour or 
height etc.

So an example would be…

What would happen if we crossed a red flowering 
plant with a white flowering plant.

 The characteristic we are looking at here is flower 
colour only.

 As compared to a cross involving a round and 
green seed and a wrinkled and yellow seed.



 In this cross we are looking at seed shape and seed 
colour.

 Therefore 2 characteristics: colour and shape.

BUT…
 Remember that all characteristics are inherited at 

once during mating.

 Monohybrid and dihybrid crosses are used to help us 
understand the principles of genetics.

 These principles where put forward by a scientist 
called Gregor Mendel.

Lets look at these principles …



TERM:

Monohybrid cross

DEFINITION:

A genetic cross involving a 
single set of contrasting 
characteristics.

USE IN SENTENCE:

A cross between a dog with 
long fur and one with short 
fur is an example of a 
monohybrid cross.



Gregor Mendel was an Austrian monk.

 Between 1857 to 1864 he carried out breeding 
experiments using garden pea plants.

He studied 7 contrasting characteristics.

 Some of these were height of plant, colour of 
flowers and shape of seed.

 These characteristics are called contrasting 
characteristics because each 
characteristic can be expressed in opposite ways.

 For example seeds may be round and wrinkled or 
flowers may be red or white.



 In one of his experiments Mendel crossed a 
homozygous tall pea plant with a homozygous short 
pea plant.

 He found that all the offspring were tall.

 These offspring were called the first filial generation 
(F1).

 He repeated his experiments several times and each 
time he got the same results.

 Then he took these offspring and interbred them.

 The offspring were 75% tall and 25% short.

 These offspring were called the second filial 
generation (F2).



 These experiments were repeated and once again 
each time he got the same results.

 The characteristic that showed up in the first he 
called the dominant characteristic.

 The masked characteristic was called the recessive 
characteristic.

 Masked means that the characteristic is not shown or 
expressed in the offspring. 

 This became known as Mendel’s Law of Dominance.

 Mendel’s law of Dominance is stated as below:

 "In a cross of parents that are pure for contrasting 
traits, only one form of the trait will appear in the 
progeny"



 From his experiments Mendel discovered that for 
every characteristic there are 2 alleles.

 Also he found that during gamete formation each 
allele separates so that the each gamete has only one 
of these factors.

 This means that for example for the characteristic of 
height some gametes will have the allele for 
shortness while other gametes will have the allele for 
tallness.

Mendel’s Law of Segregation is stated as follows…

“ For each characteristic a plant possesses 2 factors 
which separate or segregate so that each gamete 
contains only one of these factors.”



 Remember genes were only discovered towards 
the end of the 17th century and the beginning of 
the 18th century that is at the end of 1800’s and 
the beginning of 1900’s.

 This means that Mendel had no knowledge of 
chromosomes and genes when he carried out his 
experiments.

However his experiments are still valid.

Now we can use genes and chromosomes to 
explain his experiments.

 For this reason Mendel is referred to as the father 
of genetics.



Explanation of Mendel’s Monohybrid Cross using 
Genes and Alleles.

 Lets look at the example of a homozygous tall 
plant crossed with a homozygous short plant.

 Lets explain this cross using genes and alleles.

1. Each characteristic is controlled by 1 gene.  This 
gene is made up of 2 alleles.  One for tallness 
and one for shortness.

2. The tall parent had 2 copies of the same allele 
for tallness and the short parent had 2 copies of 
the same allele for shortness, because the 
parents were homozygous.



3. When meiosis occurred gametes were formed. 
The gametes from the tall plant had only 1 
allele for tallness while the gametes from the 
short plant only had 1 allele for shortness.

4. Then fertilization occurs and the gamete with 
the tall allele fuses with the gamete with a 
short allele to produce a zygote which has 2 
alleles for height.  One tall allele and one short 
allele.

5. This zygote develops into an offspring which is 
tall. Therefore tall is dominant and since 
shortness does not show, it is recessive.



6. The offspring has a genetic constitution of a tall 
allele and a short allele.  The genetic constitution is 
referred to as its genotype.  The genotype cannot 

be seen.  The genotype is the genetic make 
up of the individual.

7. The plant are physically tall. This is referred to as its 

phenotype. The phenotype is the outward 
appearance of the organism and is controlled by its 
genotype.

Mendel’s cross can be represented diagrammatically.



 Before we do this there are a few rule that we 
must aware of.

These are as follows…

1. Alleles are represented by letters.

2. Capital letters represent dominant alleles and 
small letters represent recessive alleles.

3. These letters are usually the first letter of the 
dominant characteristic, so in our example of a 
homozygous tall cross with a homozygous short.  
Tall is represented with a T and short with a t.



 Since each characteristic is represented by 2 
alleles we will use 2 letters.

However the gametes will be represented by a 
single letter because each gamete has only one 
allele.

 If the organism is homozygous then the letters 
are the same so for example in our cross the 
homozygous tall and short parents will be TT and 
tt.



When the parents undergo meiosis to produce 
the gametes each gamete will have only one 
allele, therefore the tall parent will have gametes 
with allele for tallness represent by a single T and 
the short parent will produce gametes with an 
allele for shortness represented by a single t.

 If the offspring produced were heterozygous 
short therefore their genotype would be Tt, 
showing an allele for tallness and one for 
shortness. 



Mendel’s cross can be represented 
diagrammatically as follows…

P1 phenotype:  homozygous        homozygous

tall X short

genotype:        TT  X  tt

meiosis

gametes:         T T                      t t

fertilization

F1   genotype: Tt

phenotype: all tall



Then Mendel crossed the offspring of the first filial 
generation, as follows…

P2  phenotype:  heterozygous        heterozygous

tall X tall

genotype:        Tt  X  Tt

meiosis

gametes:         T t                 T   t

fertilization

F2  genotype: TT; Tt; Tt; tt

phenotype: 3 tall and 1 short

This may be 
done using a 

punnet square, 
which we will 
look at in the 

next slide 



P2  phenotype:  heterozygous        heterozygous

tall X tall

genotype:        Tt  X  Tt

meiosis

gametes:         T t                      T t

fertilization

F2   genotype: T t

T TT Tt

t Tt tt

phenotype:  3 tall and 1 short



 All the bold portions are compulsory .

 1 or 2 marks are given for this even if the actually 
answer is wrong.

Please learn this format, it gets 
you marks!!!!



Rules for Drawing Genetic Crosses:

1. Determine the dominant and recessive 
characteristic.

2. Determine the letters to be used to represent 
the alleles.

3. Usually the first letter of the dominant 
characteristic is used to represent the alleles so 
in the example the letter T will be used.

4. For dominant capital T and recessive small t.

5. Each characteristic must be represented by 2 
letters for 2 alleles.



6. If it is homozygous, then both letters 

must be the same.  

7. If it is homozygous dominant then 2 

capital letters are used, for example 

homozygous tall TT.

8. If it is homozygous recessive then 2 

small letters are used, for example 

homozygous short tt.



9. If it is heterozygous, then the genotype

will have 1 capital and 1 small letter, for 
example heterozygous tall Tt.  Remember we 
can never have heterozygous short because the 
recessive characteristic will only show up in the 
homozygous state.

10. The gametes are represented by 1 letter only.



10. Always leave a space between the 2 gametes.

11. A parent who is homozygous, can produce the 
gamete with the corresponding allele, so for 
example parent with genotype TT can only have 
a gamete with T allele and a parent with 
genotype tt can only have gametes with t 
allele.

12. But if the parent is heterozygous then the 
gametes may have 1 or the other allele, for 
example if the genotype of the parent is Tt then 
the gametes can have the allele T or the allele t 
but never both.



14. You must know how to draw a punnet square.  It 
is drawn as follows…

T T

t Tt Tt

t Tt Tt

This row is for 
1 set of 
gametes

This column 
is for the 

other set of 
gametes

Then simply write 
a combination of 
the 2 gametes , 

according to row 
and column



15. We cannot see or tell the phonotypical 
difference between homozygous dominant and 
heterozygous plants.  This means that a 
homozygous tall plant and a heterozygous tall 
plant look the same.

16. Remember that the dominant characteristic will 
show up in both the homozygous and 
heterozygous state, but the recessive 
characteristic can only show up in the 
homozygous state. This means that if the 
genotype is TT or Tt the phenotype is tall, but 
the phenotype can only be short if the 
genotype is tt.



Now lets look at another example of a monohybrid 
cross.

A  dog pure breeding  for  long ears is crossed with a dog 
pure breeding for  short ears, all the F1 offspring have 
long ears.  Show this cross diagrammatically.

First we must determine the dominant characteristic.

To do this we must look at the F1 generation, because 
remember Mendel’s law of dominance says the 
characteristic that shows up in the F1 generation will 
be dominant.



Therefore in this case  long ears are dominant.

Then we must determine whether the parents are 
homozygous or heterozygous, for this we must 
look at the wording…

A  dog pure breeding  for  long ears is crossed 
with a dog pure breeding for  short ears

Since both dogs are pure breeding this means that 
they are homozygous.

Now we can draw the cross



P1  phenotype:  homozygous        homozygous

long ears X short ears

genotype:        LL  X    ll

meiosis

gametes:         L L l l

fertilization

F1   genotype: Ll

phenotype: all long ears



Lets look at another example…

 A plant with green seed was crossed with a plant 
with yellow seeds.  All the F1 offspring had green 
seed.  The F1 offspring were inbred.  Draw a genetic 
cross to show the…

1. Genotype of the F1 generation

2. Genotype and phenotype of the F2 generation

Now lets look at the answer.

All the red parts of the question gives us important 
information.



We know that green is dominant because the F1 
offspring were green.

We know that the F1 parents were homozygous 
because only if the parents are homozygous will 
the offspring be all green, work this out for 
yourself.

We also know that the F1 offspring can only be 
heterozygous, from the previous example.

So lets draw the cross now…



P1  phenotype:  homozygous       homozygous

green seed    X yellow seeds

genotype:        GG  X    gg

meiosis

gametes:        G G g g

fertilization

F1   genotype: Gg

phenotype: all heterozygous green seeds



P2  phenotype:  heterozygous        heterozygous

green seed    X green seeds

genotype:        Gg  X    Gg
meiosis

gametes:        G g G g
fertilization

F2   genotype:

phenotype: 25% homozygous green, 50% 
heterozygous  green & 25% homozygous 
yellow

G g

G GG Gg

g Gg gg



From the examples that we have looked at we can 
come to some conclusions.

 There are only 3 types of monohybrid crosses.

 These crosses will always have the same results.

Lets look at these 3 crosses

1. Homozygous dominant X homozygous recessive

2. Homozygous X heterozygous

3. Heterozygous X heterozygous

 Now lets look at each one



1. Homozygous dominant  X 
homozygous recessive

result will always be…

All heterozygous dominant



2. Homozygous  X  heterozygous 

the result will always be…

50%  homozygous and 50% 
heterozygous

NB 
heterozygous 
can only be 
dominant



3. Heterozygous X heterozygous

here the result will always be…

25% homozygous dominant

50% heterozygous recessive

25% homozygous recessive



Now if you learn the previous 3 
slides together with the format you 
should be able to work out any 
monohybrid cross.

Lets look at some examples…



This question is from Nov 2013 paper 1

When flies with grey bodies were crossed with flies 
with black bodies, all the offspring in the F1 had 
grey bodies.

Use the letters G and g to represent a genetic cross 
to show the F2 genotypes if the F1 offspring were 
inbred.



P2  phenotype:  heterozygous        heterozygous

grey bodies    X grey bodies

genotype:        Gg  X    Gg
meiosis

gametes:        G g G g
fertilization

F2   genotype:

phenotype: 25% homozygous grey, 50% heterozygous 
grey & 25% homozygous black

G g

G GG Gg

g Gg gg



We will look at 3 types of dominance.

 These are …

1. Complete dominance

2. Incomplete dominance

3. Co-dominance

 We have looked at complete dominance already.

 Now lets look at the other 2.



Incomplete Dominance:

 In this case one allele is not dominant over the other.

 Therefore there is no dominant or recessive allele.

Lets look at an example.

A plant with white flowers is crossed with a plant with 
red flowers.  All the offspring had pink flowers.

 We can see there formation of a third phenotype.



 This occurs because neither red or white is 
dominant over the other.

 Since there is no dominance capital letters are 
used to express both alleles.

 So the allele for red is R.

 And the allele for white is W.

We follow exactly the same rules to draw the 
genetic cross.

 Therefore the genotype for pink is RW.



 Lets look at this genetic cross.

P1  phenotype:  homozygous       homozygous

red flowers    X white flower

genotype:        RR  X    WW

meiosis

gametes:        R R W W

fertilization

F1   genotype: RW

phenotype: all heterozygous pink flowers



Co-dominance:

Once again there is no dominance.

 Both alleles are equally dominant.

Lets look at an example…

Once again a red flowering plant is crossed with a 
white flowering plant.  All the offspring have red 
and white flowers.

 It is easiest to see in a diagram.



Here we can see that 
the offspring has 
flower that are not 
red or white.

The flowers are also 
not pink.

 Instead there is an 
equal distribution of 
the red and white 
colour in each 
flower.

Co-dominance in flowers



 Since there is no dominance the alleles are 
represented by capital letters.

 The allele for red is R.

 The allele for white is W.

 And the allele for the offspring will be RW, but 
the phenotype will have both the red and white 
colour.

Now lets draw the genetic cross.



P1  phenotype:  homozygous         homozygous

red flowers    X white flower

genotype:        RR  X    WW

meiosis

gametes:        R R W W

fertilization

F1   genotype: RW

phenotype: all heterozygous with equal 
distribution of red and white.



TERM:

Complete dominance

DEFINITION:

Condition in which one 
allele is dominant over the 
other

USE IN SENTENCE:

When tall plant is crossed 
with a short plant and all 
the offspring is tall, this is 
complete dominance.



TERM:

Incomplete dominance

DEFINITION:

Condition in which one
allele is not dominate over 
the other, when both 
alleles combine an 
intermediate phenotype is 
formed.

USE IN SENTENCE:

When a pink flowering 
plant is produced when a 
red flowering plant is 
crossed with a white 
flowering plant, this shows 
incomplete dominance.



TERM:

Co-dominance

DEFINITION:

Condition in which there is 
no dominance but instead 
the recessive & dominant 
traits appear together in 
the phenotype of hybrid 
organisms.

USE IN SENTENCE:

When a white haired  bull 
is crossed with a red haired 
cow and produce a roan 
haired offspring, this is an 
example of co-dominance.



 Remember earlier we said that every gene has 2 
alleles.

But…

 Some genes have more than 2 alleles.

 Genes can have 3, 4 or even more alleles.

 All these alleles are considered to be alleles of the 
same gene because they are found on the same locus 
on the chromosome.

 The increased number of alleles means that there 
would be more combinations of these allele.

 This in turn leads to more genotypes and phenotypes.



 A good example is the blood groups in humans.

 The blood groups are controlled by a gene with 3 
different alleles.

When these 3 alleles combine they produce 6 
possible genotypes which leads to 4 different 
phenotypes.

 In the examples we looked at earlier the 2 allele 
produced a maximum of 3 genotypes and 2 
phenotypes.

When a gene has 3 or more alleles this is called 
multiple alleles.



TERM:

Multiple alleles

DEFINITION:

When a gene is controlled 
by more than 2 alleles.

USE IN SENTENCE:

Blood grouping in humans 
shows multiple alleles.



 In humans blood grouping is an example of both 
multiple alleles and co-dominance.

Lets look at the reasons why…

 Firstly the blood groups are controlled by a single 
gene with 3 alleles.

 These alleles are IA, IB and i.

 These 3 alleles result in 4 different phenotypes.

 These phenotypes are A, B, AB and O.

 A person can only have 2 alleles that would result 
in only 1 of the mentioned phenotypes.



 Then blood grouping  is an example of co-
dominance because A is not dominant over B, 
therefore there is equal dominance.

 So when the genotype is IA IB the phenotype is 
AB.

 But IA and IB are dominant over i.

Now lets look at genotypes and possible. 
phenotypes they result in.



In each case can you explain why the particular 
phenotype occurred?

Genotype Phenotype

IA IB AB

IAi or IAIA A

IB i or IB IB B

ii O



1. IA IB results in AB because here there is no 
dominance.

2. IAi or IAIA results in A because IA is dominant 
over i.

3. IB i or IB IB results in B because IB is 
dominate over i.

Now lets look at predication of blood groups 
and its uses.



 The table on the previous slide can be used to 
predict the blood group of an offspring if the 
blood groups of the parent are known.

 In some cases blood groups are used to solve 
parental disputes.

 For example if the child is B and the mother O it is 
impossible for the father to be O.

 Because if we look at the table parents with blood 
type O can only produce offspring with blood 
type O.



 Even if the father has blood type B or AB, he 

may be the child’s father.

 It is not a certainty because there are many men 
with blood type B or AB.

 This means that any man with the blood type AB 
or B can be the child’s father.

Can you think of a more reliable way of resolving 
paternal disputes?



Yes that’s right

DNA fingerprinting can be used.

Now lets look at one genetic cross involving blood 
groups.

 A man who is homozygous for blood type B 
marries and woman with blood type O, what are 
the possible genotypes and phenotypes of their 
children?



P1  phenotype: A    X B

genotype:        IB IB X ii

meiosis

gametes:        IB IB   i i

fertilization

F1   genotype:

phenotype: All B

IB IB 

i IB i IB i

i IB   i IB  i



 Monohybrid cross:  a genetic cross involving a single 
set of contrasting characteristics.

 Complete dominance:  Condition in which one allele is 
dominant over the other.

 Incomplete dominance:  condition in which one allele 
is not dominate over the other, when both alleles 
combine an intermediate phenotype is formed.

 Co-dominance:   condition in which there is no 
dominance, instead the recessive & dominant traits 
appear together in the phenotype of hybrid 
organisms.

 Multiple alleles:  when a gene is controlled by more 
than 2 alleles.



1. 4 different phenotypes are possible in the F1 
generation if the parents’ blood types are…

A.  B and B

B.  A and B

C.  O and AB

D.  AB and AB



2. In humans, brown eye color is dominant over blue 
eye colour.  A mother with blue eyes had 2 children, 
a boy with brown eyes and a girl with blue eyes.  The 
eye colour of the father is…
A.  Brown, because the allele for brown eye colour is 

sex-linked
B.  Brown because at least 1 of the parents must 

have brown eye colour.
C.  Blue, because at least 2 other members of the 

family have blue eyes
D.  Blue, because at least 1 of the parents must be 

heterozygous for eye colour



3. It influences the inheritance of blood groups…

A.  Multiple alleles

B.  Co-dominance

C.  Both A and B

D.  Neither A nor B



4. A characteristic that is only expressed when in 
the homozygous state…

A.  Dominant

B.  Recessive

C.  Both A and B

D.  Neither A nor B



5. Blood group AB is a result of…

A.  Complete dominance

B.  Polygenic inheritance

C.  Incomplete dominance

D.  Co-dominance



6. The probability that 2 heterozygous parents will 
have a homozygous dominant offspring, is…

A.  75%

B.  50%

C.  25%

D.  100%



7. The probability that 2 homozygous parents will 
have a heterozygous dominant offspring, is…

A.  75%

B.  50%

C.  25%

D.  100%



8. The probability that a homozygous parent and a 
heterozygous parent will have a heterozygous 
dominant offspring, is…

A.  75%

B.  50%

C.  25%

D.  100%



9. If a mother and child have the blood type AB, 
the father cannot have blood type…

A.  B

B.  A

C.  AB

D.  O



10. If both parents are blood type A then the child 
can be blood type…

A.  AB

B.  B

C.  O

D.  Both A and B



11. A plant with red flower is crossed with a plant 
with white flowers, all the F1 offspring have pink 
flowers. This is an example of…

A.  Complete dominance

B.  Incomplete dominance

C.  Co-dominance

D.  None of the above



12. A bull with white fur is crossed with a cow with 
red fur, all the F1 offspring is roan, that is the red 
and white hairs intermingle.  This is an example 
of…

A.  Complete dominance

B.  Incomplete dominance

C.  Co-dominance

D.  None of the above



13. A homozygous long whiskered cat is crossed 
with a homozygous short whiskered cat.  All the 
offspring have long whiskers.  The genotype of 
the F1 generation is…

A.  LL

B.  Ll

C.  ll

D.  None of the above



14. 2 parents have children 
with the blood groups as 
shown in the table, if 
the father has blood 
group A, what blood 
group must the mother 
have?
A.  A
B.  B
C.  O
D.  AB

CHILD BLOOD 
GROUP

1 A

2 O

3 AB

4 B



15. The allele that does not express itself in a 
heterozygous condition is…

A.  Dominant

B.  Recessive

C.  Both A and B

D.  Neither A nor B



1. B

2. B

3. C

4. B

5. D

6. C

7. D

8. B

9. D

10. C

11. B

12. C

13. B

14. B

15. B


