
Why don’t you look 
exactly like your 

parents?
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Genetics

How are traits 
passed to the next 

generation?

PullPull

Gregor Mendel 
the

“Father of Genetics”,
whose work with pea plants 

has  led to great 
advancements in Genetics.
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An organism’s heredity is the set of 
characteristics it receives from its 

parents.

What’s Genetics?
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WHY? Click the Pea Pod to 
see Mendel's Work

What Mendel found…
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There are 2 forms of Alleles

DOMINANT RECESSIVE

How MENDELIAN GENETICS works

Each allele for a gene is represented by a letter.  
For instance, height might be represented by the 

letter "T" where "T" means tall and "t" means short.

Two letters are used to represent each parent's 
allele.     If a dominant allele is present, then it will 

be expressed (shown).

 “T” and “t”= “T” will be shown or the organism 
would have the Tall allele.



 
 when both alleles 

are different.

Homozygous
Dominant

TT 

Homozygous
Recessive

tt 

Heterozygous

Tt 

 when both alleles 
are the same

HOMOZYGOUS    vs.    HETEROZYGOUS

 The Physical Appearance:
The physical trait or 

what is seen.
Eye color, hair color, height

Phenotype 

The Letters: 
The genetic makeupwhat 

controls the physical 
appearance

TT, Hh, rr

Genotype 

How the traits are shown:



Genotype Practice: 

Brown hair (H) 
is dominant to

 Red hair (h). 

Genotype Practice: 

Brown hair (H) 
is dominant to

 Red hair (h). 



Brown hair (H) 
is dominant to

 Red hair (h). 

Phenotype Practice: 

Brown hair (H) 
is dominant to

 Red hair (h). 

Phenotype Practice: 
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The results in 
Punnett squares are 

expressed using 
ratios,  percentages 

or fractions...
1:4    or   25%   or   1/4

The most simple 
cross is called a 

Monohybrid 
Cross or 

“One Trait Cross”

Used to compare 
one trait such as 

hair color, eye 
color, or fur 

color.

Punnett Squares 

To figure out the 
likelihood of an 

offspring acquiring 
certain traits, we 

use a 
Punnett square.



Genetics & Probability

The likelihood that a specific trait will occur in an 
organism is left up to chance.

  In other words, just because both your parents have 
brown hair doesn't mean you will too, depending on 

what alleles each of their genes have to offer.

How to make a Punnett Square (and determine
probability...)

: Determine the parent alleles

If the mother is homozygous dominant for brown 
hair, her genotype is BB
Her alleles are B and B

If the father is heterozygous, his genotype is Bb
His alleles are B and b



Construct a 4 square grid...
or Punnett Square

How to make a Punnett Square

Mom is BBBDad is Bb

B

b

Place one parent's alleles on top 
and the other's along the side

B

How to make a Punnett Square



Make the cross...

B

b

How to make a Punnett Square

BB

BB

Bb

BB

Bb

Determine the 
percentages or ratios

Genotypes:

Phenotypes:

B B

b

B BB BB

Bb Bb

How to make a Punnett Square



Let’s Practice!
What are the percent possibilities of the genotypes AND 

phenotypes for hair color of an offspring with a mother who is 
Homozygous dominant for brown hair (HH), and a father who is 

Homozygous recessive for blond hair (hh)?

H

h

h

H

Hh

Hh

Hh

Hh

More Practice...

Brown eyes are dominant to blue eyes.What is the 
probability that an offspring will have blue eyes when the 
mother is homozygous recessive for blue eyes , and the 

father is heterozygous for brown eyes?

b
B

b

b
Bb Bb

bb bb



A round pea is dominant to a wrinkled pea.  If a 
heterozygous round pea is crossed with a wrinkled 

pea, what is the likelihood that the offspring produced 
will be round?

r

r

R r

A cat has a gene that codes for deafness. This 
gene is recessive. A female cat that is 

heterozygous for deafness is crossed with a 
male cat that is deaf. 

What is the probability that the offspring will 
be deaf?

D         d

d

d
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Another type of monohybrid cross is 
called Incomplete dominance.

When the heterozygous allele is somewhere in 
between the two homozygous alleles; therefore, 

creating a BLEND of the dominant and recessive trait. 

**It creates a 3rd PHENOTYPE **

WWRWRR

Snapdragon's coloring is an example of incomplete 
dominance.  Red flower petals are created from the genotype 

RR, and white flower petals are created from the genotype, 
WW.  When the heterozygous allele, RW, is created the results 

are pink petals. 



What are the genotypes and phenotypes 
if two heterozygous pink plants are 

crossed?

WR

RR           RW
        WW

R

W

Coloring in Beta fish is incompletely dominant:  

The green Beta is bbThe steel blue Beta is BB

The heterozygous 
allele creates a 

royal blue Beta, Bb



What is the ratio of steel blue Betas to green Betas,
 if 2 royal blue Betas are crossed?

B

b

b
B

Rabbit fur color is incompletely dominant.  Homozygous 
creates either black fur or white fur  while the heterozygous 

genotype produces a gray rabbit.  What percentage of the 
offspring is likely to be black if a gray rabbit and black rabbit 

are crossed?

B

B

b

B
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 (HINT: What is the 3rd type of hair form...??)

In a family, a Mom has curly hair and Dad has wavy hair. 
What are the percentage possibilities of the hair their 

offspring will have?

Sicklecell anemia is an interesting genetic disease the causes 
abnormally shaped Red Blood cells. Normal homozygous individuals 
have normal disklike shaped blood cells,individuals homozygous for 
the sicklecell trait have red blood cells that are sickle shaped (half 
moon). However, individuals with the heterozygous condition have 

some sickling of red blood cells and therefore are considered to be 
"carriers" of the genetic disorder.  

Problem 1:
A couple, both of whom are 

carriers of the sickle cell 
trait, are considering having 
children.  They both want to 
know the odds of having a 

child with sickle cell disease.  
What would you tell them...is 
there a chance their children 

could have sickle cell? 

Problem 2:
One parent has Sickle Cell 

Disease while the other 
parent does not. Their 

first child is a carrier of 
sickle cell disease. What 

are the odds they will 
have 2 children in a row 
that are carriers of the 

disease?



There are three possible genotypes and phenotypes 
for wing color in a species of moth:

 RED wings; ORANGE wings; YELLOW wings.

Use Punnett square to answer the following 
questions:

A. What is the pattern of inheritance in this example?

B. If you cross a orange winged moth and a yellow 
winged moth, what percent of the offspring will have 
red wings? Orange wings? Yellow wings?

Codominance: 
When an organism that has both alleles of a gene 

displays BOTH phenotypes at the same time

Human blood types are the 
best example of 
codominance.



Humans can be 1 of 4 blood types.

Genotypes Phenotypes

AA Type A

AO Type A

BB Type B

BO Type B

AB Type AB

OO Type O

A and B are codominant and O is recessive.

Universal
DONOR

Type O is 
regarded as the 

universal donor as 
anyone can receive 

type O blood

Universal
RECEIVER

Type AB is 
regarded as the 

universal receiver 
as they can 

receive any type 
of blood

What are the percent possibilities for both genotypes and 
phenotypes of a mother who is AA and a father who is BO?

B

O

AA



What are the percent possibilities of both 
genotypes and phenotypes of a mother Type A, 

heterozygous and a father who is Type AB?

A

B

O

A

A mother has type 0 blood and the father is type B 
heterozygous.  What percentage chance will the 

offspring be type 0 blood?

B
OO

O
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white (W) is dominant over 
yellow (w)

disk-shaped (D) is dominant 
over sphere-shaped (d) 

Sometimes, traits are linked together.  To figure out the 
genotypes and phenotypes in this case, we use a Dihybrid cross or 

"2 Factor Cross."

In order to do the cross... we need to modify the 4-square 
Punnett Square

In summer squash, 
color AND shape of the 

plant are linked together

Suppose that brown hair (H) is dominant over blonde hair (h) and the 
presence of dimples (D) is dominant over no dimples (d).  

What would the results be if a mother was heterozygous for both traits 
(HhDd) and a father was blonde (hh) and heterozygous for dimples (Dd)?

HhDd:

M
O

M

hhDd:D
A

D1Determine the 
parents' genotype:

2Determine the possible 
gamete combinations

(F.O.I.L.)

3
Place each possible gamete combination in a 
row/column...now you will have 2 letters per 

row (...hence, dihybrid)

for gamete
combinations

click



How to make heads or tails of
A DIHYBRID...?!?!

Sometimes the alleles (ie. letters) confuse us so let's think of a 
dihybrid in terms of shapes

AaBb  =>
=A =B
=a =b

What are all the
possible combinations?

drag & drop the shapes
to the line to represent AaBb

back to
DiHybrid steps

Suppose that brown hair (H) is dominant over blonde hair (h) and the 
presence of dimples (D) is dominant over no dimples (d).  

What would the results be if a mother was heterozygous for both traits 
(HhDd) and a father was blonde (hh) and heterozygous for dimples (Dd)?

4
Make the cross 

keeping like letters 
together

5
Analyze the cross.  

Now our possibilities 
will increase because 
we have 16 squares.



Snow leopards live in the high reaches of the Himalayas and have 
several adaptations to deal with living most of the time in snow. They 

have wide paws with hair between the toes to allow them to run on top 
of the snow crust. Assume that wide paws (W) and hair between the 

toes (T) are both dominant traits. Suppose that two snow leopards mate 
with who one is heterozygous for both traits and the other is recessive 
for wide paws but heterozygous for hair.  What percentage of each of 

the following genotypes will be produced?

#1

#2



#1

#2

SO... 
How do YOU know what problem

is what type of cross?
M
en
de
lia
n

G
en
et
ic
s

With Mendelian Genetics, a cross between organisms, with 
two different phenotypes, produces offspring with the 
dominant trait of the offspring has a dominant allele.

Remember MENDELIAN GENETICS in the form of an example like so: 
RED Flower (RR) x WHITE Flower (rr) > RED Flower (Rr)

In
co
m
pl
et
e

C
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D
om
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ce

click and drag each book (cross) off the shelf

Dihybrid             Cross

CLIFF
NOTES



SO... 
How do YOU know what problem

is what type of cross?M
en
de
lia
n

G
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et
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e

With incomplete dominance, a cross between organisms with 
two different phenotypes produces offspring with a third 

phenotype that is a blending of the parental traits. 

Remember Incomplete Dominance in the form of an example like so: 
RED Flower x WHITE Flower > PINK Flower

C
o
D
om
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an
ce

click and drag each book (cross) off the shelf

Dihybrid             Cross

CLIFF
NOTES

SO... 
How do YOU know what problem

is what type of cross?M
en
de
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With codominance, a cross between organisms with two 
different phenotypes produces offspring with a third phenotype 

in which both of the parental traits appear together. 

Remember codominance in the form of an example like so: 
red x white > red & white spotted

click and drag each book (cross) off the shelf

Dihybrid             Cross

CLIFF
NOTES



SO... 
How do YOU know what problem

is what type of cross?M
en
de
lia
n

G
en
et
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In
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click and drag each book (cross) off the shelf

Dihybrid             Cross

With dihybrid, a cross between organisms with 2 different pairs of 
contrasting traits, and are inherited independently of each other.

Remember dihybrid follows Mendel's Law:
1) Law of dominance   2) Law of Segregation

3) Law of Independent Assortment click for laws

CLIFF
NOTES

Mendel's LAWS

Back to the books...



Law of Dominance

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

generation. Offspring that are hybrid for that trait will have 
only the dominant trait in the phenotype.  

The same will obviously be true for homozygous dominant.  

In contrast, the only way for the recessive trait to show is 
if the offspring is homozygous recessive.

Law of Segregation

During the formation of gametes (eggs or sperm), the two 
alleles responsible for a trait separate from each other. 
Alleles for a trait are then "recombined" at fertilization, 
producing the genotype for the traits of the offspring.



Law of Independent
Assortment

Alleles for different traits are distributed to sex cells 
(& offspring) independently of one another. 

Mendel noticed during all his work that the height of the plant and the 
shape of the seeds and the color of the pods had no impact on one 

another. In other words, being tall didn't automatically mean the plants 
had to have green pods, nor did green pods have to be filled only with 

wrinkled seeds, the different traits seem to be inherited 
INDEPENDENTLY. 

HENCE...DIHYBRID CROSSES

SO... 
How do YOU know what problem

is what type of cross?M
en
de
lia
n
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In
co
m
pl
et
e

C
o
D
om

in
an
ce

click and drag each book (cross) off the shelf

Dihybrid             Cross

CLIFF
NOTES
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