
5.2 Variations in Heredity
SBI3U - Incomplete Dominance, Codominance & Multiple Alleles



Patterns of heredity are not 
always as simple as Mendel 
thought…



Incomplete Dominance
● neither allele is dominant 
● a blended phenotype appears in the 

offspring.
● genotype is heterozygous 

○ E.g. Snap dragons (CRCW)



Pgen - Red Flower CRCR  X  White Flower CWCW
               

F1 Genotypic ratio:

F1 Phenotypic ratio:
CW

CR CR

CW

What happens if you cross a pure breeding (homozygous) red 
snapdragon and a pure breeding (homozygous) white snapdragon?

Incomplete Dominance



Pgen - Red Flower CRCR  X  White Flower CWCW
               

F1 Genotypic ratio:
100% CRCW

F1 Phenotypic ratio:
100% pink flowers

CW
CR CR

CW
CRCW

CRCW
CRCW

CRCW

What happens if your cross a pure breeding (homozygous) red 
snapdragon and a pure breeding (homozygous) white snapdragon?

Incomplete Dominance



F2 Genotypic ratio:

F2 Phenotypic ratio:

CR CW

CR

CW

Incomplete Dominance
What would happen if you were to cross two of the heterozygous 
individuals from the F1 generation?

F1 - Pink Flower CRCW  X  Pink Flower CRCW

               



F2 Genotypic ratio:
1 CRCR: 2CRCW: 1CWCW

F2 Phenotypic ratio:
1 red: 2 pink: 1 white

CRCR
CR CW

CR

CW CRCW CWCW
CRCW

Incomplete Dominance
What would happen if you were to cross two of the heterozygous 
individuals from the F1 generation?

F1 - Pink Flower CRCW  X  Pink Flower CRCW

               



Genotypic ratio:

Phenotypic ratio:

Incomplete Dominance
What would happen if you were to cross a red and a pink flower?

Cross a red flower and a pink flower. 
Write the genotypic and phenotypic ratios.



Answer

Genotypic ratio:
1 CRCR: 1CRCW

Phenotypic ratio:
1 red: 1 pink

CRCR
CR CW

CR

CR CRCR CRCW

CRCW

Cross a red flower and a pink flower. 
Write the genotypic and phenotypic ratios.



Codominance
● both alleles are expressed

● both parental phenotypes seen in 
offspring (not a blend)

● genotype is heterozygous
E.g. Roan cattle have 
red and white hairs



Pgen - Red Cow CRCR  X  White Cow CWCW
               

F1 Genotypic ratio:

F1 Phenotypic ratio:
CW

CR CR

CW

What would happen if you crossed a pure breeding (homozygous) red 
cow and a pure breeding (homozygous) white cow?

Codominance



Pgen - Red Cow CRCR  X  White Cow CwCw
               

F1 Genotypic ratio:
100% CRCw

F1 Phenotypic ratio:
100% roan cows

CW
CR CR

CW
CRCW

CRCW
CRCW

CRCW

Codominance
What would happen if you crossed a pure breeding (homozygous) red 
cow and a pure breeding (homozygous) white cow?



F2 Genotypic ratio:

F2 Phenotypic ratio:

CR CW

CR

CW

Codominance
What would happen if you were to cross two of the heterozygous roan 
coated individuals from the F1 generation?

F1 - Roan Coat CRCW  X  Roan Coat CRCW

               



F2 Genotypic ratio:
1 CRCR: 2CRCW: 1CWCW

F2 Phenotypic ratio:
1 red: 2 roan: 1 white

CRCR
CR CW

CR

CW CRCW CWCW
CRCW

Codominance
What would happen if you were to cross two of the heterozygous roan 
coated individuals from the F1 generation?

F1 - Roan Coat CRCW  X  Roan Coat CRCW

              



Genotypic ratio:

Phenotypic ratio:

Codominance - Practice 
Cross a roan coated cow with a red coated cow. 

Write the genotypic and phenotypic ratios.



Answer 
Cross a roan coated cow with a red coated cow. 

Write the genotypic and phenotypic ratios.

Genotypic Ratio:
1 CRCR : 1 CRCW

Phenotypic Ratio:
50% Red Coat: 50% Roan Coat

CR CW

CR

CR

CR CR

CR CR

CR CW

CR CW

Note: one of the two parents is called a bull. But cow is the general name.



Genotypic ratio:

Phenotypic ratio:

Codominance - Practice 
Cross a roan coated cow with a white coated cow.

Write the genotypic and phenotypic ratios.



Answer 
Cross a roan coated cow with a red coated cow. 

Write the genotypic and phenotypic ratios.

Genotypic Ratio:
1 CRCw : 1 CwCW
Phenotypic Ratio:
1 Roan Coat: 1 White Coat

CW
CR CW

CW

CRCW

CRCW

CWCW

CWCW



Pgen - Spotted CBCW  X  Black CBCB
               

Cross a speckled chicken and a black hen. What is the phenotypic ratio 
of the offspring?

Codominance - Practice



Pgen - Speckled CBCW  X  Black CBCB
               

Phenotypic ratio:

50% Black: 50% Speckled

CB
CB CB

CW
CBCB

CBCW
CBCB

CBCW

Cross a speckled chicken and
a black hen. What is the 
phenotypic ratio for offspring?

Answer



Codominance - SCA
Sickle cell anemia (SCA) 
● Normal hemoglobin allele HbN

● Sickle cell allele HbS

Genotypes and their phenotype 
● Hb N Hb N = normal; no resistance to malaria
● Hb N Hb S = carrier, rarely have symptoms; resistant to malaria
● Hb S Hb S = have sickle cell anemia; resistant to malaria

Heterozygous advantage: 
a survival benefit for individuals who inherit two 
different alleles for the same trait.



Monohybrid cross between two SCA carriers. 



Human blood type is both a 
codominant and dominant genetic 
trait. 
● There are 4 blood types
● The particular gene has 

3 different alleles:
IA, IB and i.

Phenotype Genotype
Type A IAIA  ,IAi

Type B IBIB  ,IBi

Type AB IAIB

Type O ii

Multiple Alleles



Each allele codes for a different enzyme that places 
different types of sugars on the surface of a red 
blood cell. 

• Type AB blood is an example of codominance. 
Alleles IA and IB are both expressed fully. 

• Alleles IA and IB  both dominate over the allele i
• i is the recessive allele

  IA IAor  IAi       IB IB or  IBi         IA IB                             ii

Multiple Alleles - Blood Types



Your immune system will produce antibodies against any blood antigens 
you do not have in your own blood.

If an incompatible blood type is transfused, there will be an immune 
response that will lead to blood clumping potentially putting a patient’s life 
at risk.

Type O blood is 
known as the 
“universal donor.” 

Type AB blood is 
the “universal 
recipient”.

Multiple Alleles - Blood Types & 
Transfusions



A woman with Type A blood whose genotype is IAi  marries a 
man who is Type B whose genotype is IBi .  

What are the possible blood types of their children?
Give phenotypes only.

Phenotypes:

Multiple Alleles Practice



IAIB IBi

iiIAi

IB

i

iIA

Phenotypes:
25% blood type AB
25% blood type A
25% blood type B
25% blood type o

Multiple Alleles Answer
A woman with Type A blood whose genotype is IAi  marries a 
man who is Type B whose genotype is IBi .  

What are the possible blood types of their children?
Give phenotypes only.



What are the possible genotypes of the children 
from an AB father and an O mother? 
 
Give genotypic ratios of offspring.

Multiple Alleles Practice



Multiple Alleles Answer

IBiIAii

i

IBIA

IAi IBi

Genotypes:
50% IAi
50% IBi
Phenotypes:
50% blood type A
50% blood type B

What are the possible genotypes of the children 
from an AB father and an O mother? 
 
Give genotypic ratios of offspring.

IAi IAi

IBi IBi

ii

IA

IB



Multiple Alleles - Recap  

Amoeba Sisters Handout 

Fill out the Amoeba 
Sisters handout while 

watching!

http://www.youtube.com/watch?v=9O5JQqlngFY
https://drive.google.com/file/d/1LtwGHtRu91kkCFucRuN2y1J_5IA59Y-G/view?usp=sharing


Homework:
❏ Read textbook section 5.2

Complete worksheets… 
❏ codominance & incomplete dominance

❏ blood types 





Codominance Incomplete Dominance

An animal can be black, white or 
spotted.

Birds can have white, blue or 
white with blue-tipped 
feathers.

A child can have curly, 
wavy or straight hair.



Incomplete Dominance & 
Codominance Comparison


