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Mendel: Understanding Inheritance 

What is Genetics? 

GENETICS - is the science of how traits are 
inherited.  In other words, how traits pass from 
parent to offspring.  

Mendel: Understanding Inheritance 

What are TRAITS? 

• TRAITS are characteristics (the way 
we look, are, or think). 

• For example, being tall or short, 
blond or dark-haired, brown eyes or 
blue eyes, light or dark skinned, 
funny or serious, etc… 

• Traits are genetic and are passed 
down from parent to offspring.  

Mendel: Understanding Inheritance 

Have you ever wondered WHY 
you inherit certain traits from 

your parents? 
 

• Why do you have freckles, or dark 
hair, or blue eyes, or curly hair, or 
dimples, etc? 

• Gregor Mendel asked lots of 
questions about inheritance… 

Mendel: Understanding Inheritance 

Who was Gregor Mendel? 

• Gregor Mendel was an Austrian 
monk, who lived in the 1800’s. 
 

• Mendel conducted thousands of 
experiments on pea plants to see 
how traits (shape, color) were passed 
from generation to generation.  
 

• Mendel is known as the “Father of 
Genetics” for figuring out the basic 
rules of how traits are inherited. 

Mendel: Understanding Inheritance 

What type of experiments did Mendel do? 

• Mendel crossed pea plants with 
different traits (eg. tall & short). 

 

• He started with PUREBRED plants 
(showed same trait for many 
generations – short parents had 
short offspring) 

 

• He crossed a tall parent with a 
short parent to see what the 
offspring plants would look like. 

 

Mendel: Understanding Inheritance 

What happened? 

The 1st generation of offspring 
were ALL tall!   

The short trait was “lost” – it 
had disappeared. 

In the 2nd generation, the “lost” 
short trait reappeared in ¼ of 
the offspring. (Even though 
neither parent was short!) 

Mendel: Understanding Inheritance 

• Mendel tested MANY traits – and found that one form of 
the trait was always “dominant” in the first generation of 
offspring, but that the “hidden” trait re-appeared in 25% of 
the second generation. 

Mendel: Understanding Inheritance 

So, what are Mendel’s  
rules of inheritance? 

    Mendel figured out that: 
 

• Traits are controlled by PAIRS of 
“factors” (genes) that are inherited 
from your parents (one from mom, 
one from dad). 
 

• Some factors are “dominant” - they 
mask or hide the other factor.   

(For example, the tallness gene hides 
the shortness gene in pea plants.) 
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Mendel: Understanding Inheritance 

Let’s get the new vocabulary straight… 

• GENES - are the factors that control an inherited trait. 

 

• ALLELES – are the different forms of a gene.  

 (the TALL and SHORT alleles are the 2 forms of the 
HEIGHT gene in pea plants) 

 

 *We inherit one allele (or form of a gene) from our mom 
and one allele from our dad, so we have 2 alleles for every 
gene. 

 

Mendel: Understanding Inheritance 

Let’s get the new vocabulary straight… 

• DOMINANT ALLELE - is one whose 
trait always shows up when the allele 
is present.  

• It can mask or hide the other form of 
the trait.  

• It is shown with an upper-case letter, 
for example “T”. 

 

• Example: Tall stems = TT or Tt 

Mendel: Understanding Inheritance 

Let’s get the new vocabulary straight… 

• RECESSIVE ALLELE – is one whose 
trait is hidden whenever the dominant 
allele is present.  

• It will only show up if BOTH alleles are 
recessive.  

• It is shown with a lower-case letter, for 
example  “t”.  

 

• Example: Short stems = tt 

Mendel: Understanding Inheritance 

• HOMOZYGOUS - Organisms with 
2 same alleles. 

 

 

 

• HETEROZYGOUS - Organisms 
with 2 different alleles. 

TT tt 

Tt Tt 

Let’s get the new vocabulary straight… 

Mendel: Understanding Inheritance 

Let’s review… 
• When you cross the tall and the short plant, the offspring 

get a Tall allele (T) from the tall plant and a short allele (t) 
from the short plant.   

• In the first generation, the dominant TALL allele hides the 
recessive SHORT allele, so ALL the offspring are tall.  

• They are all heterozygous. 

 

TT tt Tt Tt 

Mendel: Understanding Inheritance 

What happens if heterozygous plants cross? 

• In the SECOND generation, the heterozygous plants cross 
and it’s possible to have an offspring with the 2 recessive 
alleles.  

• With 2 recessive alleles, the plant will be SHORT, not tall. 

TT tt Tt Tt Tt Tt TT 

tt 

Mendel: Understanding Inheritance 

SUMMARY 

   When studying genetics, we need to take 2 things into 
account: 

 

PHENOTYPE - an organism’s PHYSICAL appearance. 

 (3 plants are tall, 1 is short) 

 

GENOTYPE – an organism’s  

   GENETIC makeup (alleles). 

 (1 plant is TT, 2 plants are Tt,  

   and 1 plant is tt) 

Tt Tt TT 

tt 

Probability & Heredity: Punnett Squares 

Probability & 
Heredity: 

Punnett Squares 

Probability & Heredity: Punnett Squares 

How can we figure out which  
traits will be inherited? 

• To talk about inheritance, we need to use our new 
vocabulary…  

• We’ve learned about dominant & recessive alleles: 

•  Dominant alleles are more powerful, and can 

“hide” a recessive trait.  

– Shown with an upper-case letter (“T” for tall stems) 

  

• Recessive alleles can be “hidden” when a 
dominant allele is present.  

– Shown with a lower-case letter (“t” for short stems) 
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Probability & Heredity: Punnett Squares 

How can we figure out which  
traits will be inherited? 

• You know the differences between genotype and 
phenotype: 

• Genotype describes which genes (alleles) are present.  

»  TT = 2 dominant alleles 

»  Tt = 1 dominant & 1 recessive 

»  tt = 2 recessive alleles   

• Phenotype describes what the physical trait looks like. 

» Tall stems (TT and Tt) 

» Short stems (tt) 

Probability & Heredity: Punnett Squares 

More vocabulary… 

• Geneticist use 2 terms to describe GENOTYPE: 

 

• Homozygous – the organism has 2 same alleles. 

»  TT = 2 dominant alleles 

»  tt = 2 recessive alleles   

 

• Heterozygous – the organism has 2 different alleles. 

» Tt = 1 dominant & 1 recessive allele 

Probability & Heredity: Punnett Squares 

So, how do we know which genotype 
or phenotype the offspring will be? 

• We can use a tool called a punnett square to predict 
how likely it is for an offspring to inherit certain traits. 

 

• A PUNNETT SQUARE: 

• is a chart that shows ALL the possible combinations 
of a genetic cross. 

• shows genotype and phenotype of the offspring. 

• is also used to predict the probability (the chance) 
that an offspring will have a certain trait.   

Probability & Heredity: Punnett Squares 

How do we draw a Punnett Square? 

Probability & Heredity: Punnett Squares 

• “R” is dominant     
for Round seeds. 

• “r” is recessive 
for wrinkled seeds. 

• Both parents are 

“heterozygous” 

and have round 

seeds. 

Probability & Heredity: Punnett Squares 

Probability & Heredity: Punnett Squares Probability & Heredity: Punnett Squares Probability & Heredity: Punnett Squares 

• The two-letter combinations are 
the possible genotypes of the 
offspring. 

• They are RR, Rr, Rr, and rr 
genotypes. 

• From this it is possible to 
determine the “probability” 
(chance) that a seed will have: 

– a round seed phenotype  
(3/4 or 75%)   OR  

– a wrinkled seed phenotype 
(1/4 or 25%)    
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Probability & Heredity: Punnett Squares 

Try one on your own… 

• Cross a homozygous guinea pig with black fur (BB) 
with a homozygous guinea pig with white fur (bb).  

• (Black fur is dominant over white fur).    

Probability & Heredity: Punnett Squares 

Try one on your own… 

• Cross a homozygous guinea pig with black fur (BB) 
with a homozygous guinea pig with white fur (bb).  

 

B B 

b 

b 

Probability & Heredity: Punnett Squares 

Try one on your own… 

B B 

• Cross a homozygous guinea pig with black fur (BB) 
with a homozygous guinea pig with white fur (bb).  

 

B B 

b 

b 

B B 

Probability & Heredity: Punnett Squares 

Try one on your own… 

B 

B 

B 

• Cross a homozygous guinea pig with black fur (BB) 
with a homozygous guinea pig with white fur (bb).  

 

B b b 

b 

b 

b b 

B B 

Probability & Heredity: Punnett Squares 

The result? 

• All 4 possible offspring will be heterozygous and have 
one dominant allele for black fur and 1 recessive allele 
for white fur.  

All the guinea 
pigs will have 
the black fur 
phenotype; and 
Bb genotype. 

Probability & Heredity: Punnett Squares 

More practice problems… 

1) Cross a heterozygous tall pea plant (Tt) with a homozygous  

    short pea plant (tt).  

    Tall stems (T) are dominant over short stems (t).  

    What are the possible offspring from this cross? 

 

 

2) Cross a rabbit who is heterozygous for short ears (Ee) with    

    another rabbit who is heterozygous for short ears (Ee).  

    Short ears (E) are dominant over long, floppy ears (e). 

    What are the possible offspring from this cross? 

 

Review - #8 from HW 

Tall eyeballs (T) are dominant over short eyeballs (t). 

  

• Mr. Krabbs is homozygous for tall eyeballs. 
What is his genotype? 

 

• Mrs. Krabbs is heterozygous (Tt). Does she 
have tall eyeballs or short eyeballs? 

 

T T 

Tall eyeballs (the short allele is hidden). 

Review - #8 from HW 

Draw the punnett square for Mr. and Mrs. Krabbs. 

 

T 

t 

 T      T 

Tt Tt 

TT TT 

Any baby that Mr. and Mrs. Krabbs 
would have tall eyes (100% chance), 
because they get a dominant TALL 

eyeball allele from Mr. Krabbs. 

 

While 50% of their kids might have 
the short eyeball gene from their 
mom, it is ALWAYS hidden if the 

dominant (T) gene is present! 

Punnett Square Practice Problems 

Dalmatians are often born deaf. 
These dogs are deaf if they 
inherit two copies of the 
recessive allele for hearing (d). 
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Punnett Square Practice Problems 

A dog breeder has a male dog 
that she would like to breed. 
The dog can hear, so she knows 
his genotype is either DD or Dd. 

Punnett Square Practice Problems 

She will only breed the dog if 
his genotype is DD, so there will 
be no risk of deafness in the 
puppies. 

Punnett Square Practice Problems 

To test his genotype, she 
breeds him to a deaf (dd) 
female. Use Punnett squares to 
predict the outcomes if the 
male is DD or Dd. 

d 

d 

 D      D 

Dd Dd 

Dd Dd 
If the male is homozygous 
dominant (DD), all puppies 
will be able to hear. The 
recessive deaf allele is 

“hidden”. 

Punnett Square Practice Problems 

To test his genotype, she 
breeds him to a deaf (dd) 
female. Use Punnett squares to 
predict the outcomes if the 
male is DD or Dd. 

d 

d 

 D      d 

Dd 

Dd dd 

dd 

If the male is 
heterozygous (Dd), 

half of the puppies will 
be born deaf. They will 
be homozygous for the 
recessive deaf allele. 

Punnett Square Practice Problems 

Jimmy Neutron and Cindy 
Vortex may pretend not to 

like each other, but they end 
up marrying later in life! 

Punnett Square Practice Problems 

Cindy wants to know if their 
children will all have big, poofy 
hair (BB or Bb), the dominant 
trait in Retroville. Jimmy and 
Cindy are both heterozygous 
for the big hair trait. 

What are Jimmy and Cindy’s genotypes? 

Jimmy = Bb    Cindy = Bb 

Punnett Square Practice Problems 

B 

b 

 B      b 

bb Bb 

BB Bb 

Cindy, who is proud of her big 
hair, does not want a flat-
haired child (bb). Set up a 
Punnett square to figure out 
whether Cindy will be 
disappointed or not. 

Brain blast! 25% of 
our kids will have flat 

hair. Sorry Cindy! 

Challenge Question! 
• In purple people-eaters, 2-horns is dominant (H), 

and no horns is recessive (h).  

• Two purple people-eaters crossed and they had 4 
children shown below. (What are the genotypes?) 

• Work backwards from a punnett square to find 
out the genotypes and phenotypes of the parents. 

Hh hh hh Hh 

Challenge Question! 
• What are the genotypes and 

phenotypes of the parents? 

• Genotype = Hh, hh 

• Phenotype = One parent had 
horns, the other parent had 
no horns! 

Hh hh hh Hh 

? 

? 

 ?      ? 

hh Hh 

Hh hh h 

h 

 H      h 

http://images.search.yahoo.com/search/images/view?back=http%3A%2F%2Fimages.search.yahoo.com%2Fsearch%2Fimages%3F_adv_prop%3Dimage%26fr%3Db2ie7%26va%3Djimmy%2Bneutron%26sz%3D%26vm%3Dr&w=242&h=185&imgurl=www.orlandoweekly.com%2Fsb%2F28641%2Fjimmy_neutron.jpg&rurl=http%3A%2F%2Fwww.orlandoweekly.com%2Ffilm%2Freview.asp%3Frid%3D979&size=21.1kB&name=jimmy_neutron.jpg&p=jimmy+neutron&type=jpeg&no=11&tt=14,558&oid=474e5878448d7d80&ei=ISO-8859-1
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Incomplete Dominance 
• With some traits, there is a situation where 

the dominant allele is not completely dominant.  

• When the organism is heterozygous, the trait 
is expressed as a “blend”. 

r 

r 

 R      R 

Rr Rr 

Rr Rr 

• What do you think will happen in this cross?    
   RR (red flowers) x rr (white flowers) 

All offspring will be heterozygous 
– but NOT red (because it is not 

completely dominant).  

They will be a blend of red and 
white – PINK! 

Incomplete Dominance 

R 

r 

 R    r 

rr Rr 

RR Rr 

• What if we cross 2 of the pink flowers?  

 Rr (pink flowers) x Rr ( pink flowers) 

1 (RR) has RED flowers. 

2 are a blend (Rr) –     
PINK flowers. 

1  (rr) has white flowers.  

Exit Slip 

In humans, brown eyes (B) are dominant over 
blue (b). A man who is heterozygous for brown 
eyes marries a blue-eyed woman and they have 
3 kids.  
 

1) What is the genotype of the father? 
 

2) What is the genotype of the mother? 
 

3) Draw a punnett square for this cross. 
 

4) What are the possible phenotypes and 
genotypes of their children?  
 

5) What is the probability (% chance) that their 
child will have blue eyes? Brown eyes?  

Pedigree Charts 

Pedigree Charts 
 

Pedigree Charts 

What is a pedigree chart? 
How is it used? 

• One important tool a geneticist uses to trace the 
inheritance of traits is a pedigree chart. 

• A pedigree chart is one that geneticists use to 
track an inherited trait through several 
generations of a family to try to understand how 
it is inherited. 

Pedigree Charts 

How do you read a pedigree chart? 

•  A CIRCLE represents a FEMALE. 
 

•  A SQUARE represents a MALE. 

 

•  A horizontal line represents marriage. 
 

•  A vertical line and brackets connects    

  parents to children. 
 

Pedigree Charts 

How do you read a pedigree chart? 

•  A shape that is not shaded indicates that 
the person does NOT have the trait.  
 

•  A shape that is half-shaded indicates 
that the person is a “carrier” (has 1 
allele).  

 

•  A shape that is completely-shaded 
indicates that the person has the trait 
(homozygous – both alleles for the trait).  

Pedigree Charts Pedigree Charts 

What does this pedigree chart show? 

•  How many people are unaffected “carriers”?  

•  How many people are affected by the disorder? 

•  How many carriers are female?  

•  If only 1 parent is a carrier, what is the probability  

  of having a child with the disorder? 
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Pedigree Charts 

What does this pedigree chart show? 

•  How many people are unaffected “carriers”?  

•  How many people are affected by the disorder? 

•  Can we tell if the disorder is dominant or recessive?  

•  If 1 parent has the disorder, what is the probability  

  of having a child with the disorder? 


