
 
ANIMAL SCIENCE | VARIATION & PROBABILITY OF EXPRESSED TRAITS 

 
Audience: 9-12 

 
Activity Length: 3-4 class periods 

 
TEKS: 
English 

➢ English I §110.36.c 

• 1.A, 1.C, 1.D, 3, 4.G, 5.D 

➢ English II §110.37.c 

• 1.A, 1.C, 1.D, 3, 4.G, 5.D 

➢ English III §110.38.c 

• 1.A, 1.C, 1.D, 3, 4.G, 5.D 

➢ English IV §110.39.c 

• 1.A, 1.C, 1.D, 3, 4.G, 5.D 

Science 

➢ Biology §112.42.c 

• 1.A, 1.B, 7.A, 7.C, 8.B 

Principles of Agriculture, Food, and Natural Resources 
➢ Livestock Production §130.7.c 

• 1.B, 7.B 

➢ Advanced Animal Science §130.10.c 

• 1.B, 8.A, 8.B 

 
Objectives: 

• Differentiate genotype and phenotype and explain how traits are expressed.  
• Explain the difference between dominant and recessive traits and why some 

are expressed and some are not.  

• Predict the probability of traits using a Punnett Square given different pairs of 
traits.  

 
Introduction: 
Students will begin the lesson comparing and contrasting their traits to that of their 

parents. Through this introductory activity, they will begin to explore genotype and 
phenotype and how traits are expressed. Students will then predict trait probability 

for cattle using Punnett Squares. This lesson should be taught prior to the lesson, 
‘Survival of the Fittest: Adaption & Evolution.’  
 

Materials Needed:  
• PowerPoint with information from Explain section (prepared by teacher) 

• Copies of Words and Definitions cards (provided) 



 
• Punnett Square worksheet (provided)  

• Genetics Jeopardy PowerPoint (provided) 
 

Engage: 
1. Begin lesson with having students list their key characteristics (eye color, 

hair color, face shape, height, etc.) and comparing them to that of their 

parents.  

• Solicit a few examples from students. 

• Give students two minutes to do a think-pair-share to discuss how it’s 

possible for offspring to express different traits than that of their 

parents.  

• Explain to students that they’ll be discovering the variation and 

probability of expressed traits among parents and offspring today.  

Explore: 
2. Ask students if it is possible for a red cow to give birth to a black calf.  

• If someone says ‘yes,’ ask why and the same if they say ‘no.’ 

• You will come back to this at the end, so don’t correct students on 

their answers.  

3. Pass out a stack of the ‘Words’ and ‘Definitions’ cards to each student (see 

attached document). Give them two minutes to match the word to the 

definition. Review correct answers with students and explain that there are 

three different types of gene combinations we’ll be exploring: homozygous 

dominant, homozygous recessive, and heterozygous. The words are as 

follows:  

• Homozygous is two copies of the same allele at a given locus (i.e., YY 

or yy). 
• Heterozygous is two different alleles at a given locus (i.e., Yy). 
• A dominant allele is an allele that is expressed fully if there is at 

least one copy at a given locus. 
• A recessive allele is an allele that requires two copies at a given 

locus to be expressed phenotypically.  
• Genotype is the genetic constitution of an individual organism.  
• Phenotype is the set of observable characteristics of an individual 

resulting from the interaction of its genotype and the environment. 
(Example: A person’s skin tone is genetic, but by sitting in the sun 

during the summer, it can be altered.)  
 
Explain: 

4. Tell the students the following: “When I say, ‘little professor,’ you are to pair 

up with a classmate in an area large enough for you both to write in your 

notebooks. Throughout the course of this lesson, you will have the 

opportunity to be the student and the teacher. For the purpose of this lesson, 



 
B is the dominant gene in cattle that codes for a black coat; b is the 

recessive form of this allele that codes for a red coat. We will reference this 

throughout the lesson and in the activity later.”  

• Once students have paired up, deliver the next set of instructions: “I 

now need one person in each group to raise your hand. Those of you 

with your hands up will be Little Professor 1 and your partners will be 

Little Professor 2. Little Professor 2s, for the next few minutes, you are 

not to listen to me. You may read, daydream, or put your head down. 

The only thing you may not do is leave your seats, talk, or be a 

disruption.”  

• Homozygous Dominant 

o Tell the Little Professor 1s that the information on the 
PowerPoint is what they will be teaching their partners.  

o When two homozygous dominant individuals (BB + BB) are 
mated, each can produce only one kind of gamete.  

o In our example, this gamete can only carry gene B. The union of 

gametes from two homozygous dominant parents results in a 
zygote that is homozygous dominant. 

▪ In other words, the only possible combinations is B x B = 
BB. Thus, homozygous parents produce only homozygous 
dominant offspring. 

o Instruct the Little Professor 1s to take the next two minutes to 
instruct their partners on this information and explain the color 

cow they would get as a result of the example. Be sure they get 
the most important information into their notebooks. (Teacher 
note: Instruction from student to student should take no more 

than two minutes. However, if they need less time, you may 
instruct them to only take 90 seconds or however long you see 

necessary throughout the rest of the lesson.)  
o Once the time is up, ask the students if any further clarification 

is needed on this content. Tell students the resulting cow color 
would be black.  

• Homozygous Dominant + Heterozygous  

o Tell Little Professor 1s that it is now their turn to take a break 
while you talk to the Little Professor 2s; tell Little Professor 2s 

that the content on the PowerPoint is what they will be teaching 
their partners.  

o The mating of a homozygous dominant individual (BB) with a 

heterozygous individual results (Bb) in an unexpected ration of 
homozygous dominant to one heterozygote.  

o The homozygous dominant parent (BB) produces only one kind 
of gamete, a dominant B.  



 
o The heterozygous parent (Bb) produces in equal proportion two 

kinds of gametes, one carrying the dominant gene (B) and one 
carrying the recessive gene (b).  

o The chances are equal that a gamete from the parent producing 
only the one kind of gamete will unite with each of the two kinds 

of gametes produced by the heterozygous parent; therefore, the 
number of homozygous dominant offspring and heterozygous 
offspring produced should be approximately equal.  

o Instruct the Little Professor 2s to take the next two minutes to 
instruct their partners on the new content and make sure they 

get the most important information into their notebooks.  
o Once the time is up, ask the students if any further clarification 

is needed on this content.  

 
• Homozygous Recessive 

o Instruct the Little Professor 2s to take a break while the Little 
Professor 1s listen to you.  

o The homozygous dominant (BB) individual can produce only 

gametes carrying the dominant gene.  
o The recessive individual (bb) must be homozygous recessive to 

express the recessive trait.  
▪ Therefore, the individual produces only gametes carrying 

the recessive gene (b). 

o When the two types of gametes unite, all offspring produced 
receive both the dominant and the recessive gene and are thus 

heterozygous (Bb).  
o Little Professor 1s, take the next two minutes to teach your 

partners.  

o Once the time is up, ask the students if any further clarification 
is needed on this content.  

• Ratios 
o Instruct the Little Professor 1s to take a break while the Little 

Professor 2s listen to you.  

o Each of the two heterozygous parents (Bb) produces two kinds 
of gametes in approximately equal ratios.  

▪ One kind of gamete carries the dominant gene (B) and 
the other kind carries the recessive gene (b).  

o The two kinds of gametes produced by one parent each have an 
equal chance of uniting with each of the two types of gametes 
produced by the other parent.  

▪ Thus, four equal chance unions of gametes are possible.  
o If the gamete carrying the dominant gene (B) from one parent 

unites with the gamete carrying the dominant gene (B) from the 
other parent, the offspring produced are homozygous dominant 
(BB).  



 
o If the gamete carrying the dominant gene (B) from one parent 

unites with the gamete carrying the recessive gene (b) from the 
other parent, the offspring are heterozygous (Bb).  

o When the gametes carrying the recessive gene (b) from both 
parents unite, the offspring produced will be homozygous 

recessive (bb).  
o The total expected ratio among the offspring of two 

heterozygous (Bb) is one homozygous dominant (BB) to two 

heterozygous (Bb) to one homozygous recessive (bb).  
▪ This 1:2:1 is the genotypic ratio.  

o The appearance of the offspring is in the ratio of three dominant 
(B) to one recessive (b) because the homozygous dominant and 
the heterozygous animals are all black and cannot be genetically 

distinguished from one another visually.  
▪ This 3:1 ratio based on external appearance is called the 

phenotypic ratio.  
o Instruct Little Professor 2s to take the next two minutes to teach 

their partner this new information.  

o Once the time is up, ask the students if any further clarification 
is needed on this content.  

• Heterozygous + Homozygous Recessive 
o Instruct Little Professor 1s to listen while Little Professor 2s take 

a break. 

o The heterozygous individual (Bb) produces two kinds of 
gametes, one carrying the dominant gene and the other 

carrying the recessive gene, in approximately equal numbers.  
o The recessive individual (bb) produces only the gametes 

carrying the recessive gene (b). 

o There is an equal chance that the two kinds of gametes 
produced by the heterozygous parent (Bb) will unite with the 

one kind of gamete produced by the homozygous recessive 
parent (bb).  

o The offspring produced when these gametes unite occur in an 

expected ratio of two heterozygotes (Bb) to two homozygous 
recessive (bb).  

o Instruct Little Professor 1s to take the next two minutes to teach 
their partner the new content.  

o Once the time is up, ask the students if any further clarification 
is needed on this content.  

• Breeding for Desired Traits in Cattle 

o Explain to students that we are now going to review the desired 
traits that cattle producers will breed for in their herds. A 

producer’s preferences are dependent upon their environment, 
market, and other factors.  



 
o Instruct Little Professor 2s to listen while Little Professor 1s take 

a break.  
o Polled vs. horned: Polled means naturally hornless and is the 

dominant trait. This is generally seen as a positive trait, because 
if animals are not polled, they are likely to be de-horned. De-

horning is not a glamourous process but is seen as necessary 
because of safety issues to ranchers and the other animals. 

o Black vs. red hide: In areas with high heat, ranchers may want 

non-black hided animals so they can withstand higher heat. 
o Solid vs. spotted coat: How the spots are arranged may depend 

on the composition of breeds in the animal. 
o White face vs. colored face: This trait is gaining more 

attention, as there has been a correlation of animals with 

pinkeye and animals with white faces. Some producers are 
breeding for animals with a ring of color around their eyes, dark 

faces, or even for the way their eyelashes turn out. Pinkeye 
costs money to treat and takes time for the antibiotics to leave 
the animal’s system before it can be taken to market. Therefore, 

it is much more profitable to breed for animals that don’t get 
pinkeye. 

▪ Animals with white faces are often referred to as 
“baldies.” 

o Solid legs vs. stocking legs: This trait has little production 

value, but “stocking” legs will essentially look like socks. 
o Instruct Little Professor 2s to take the next two minutes to teach 

their partners the new content.  
o Once the time is up, ask the students if any further clarification 

is needed on this content.  

o Instruct Little Professor 2s to take one final break while Little 
Professor 1s listen. 

o Large REA vs. Small REA: Rib Eye Area is definitely a profitable 
category. Just like you would pay more money for a large loin 
eye steak, meat packers will, too. 

o High birthweight vs. Low birthweight: This trait is deceptive, in 
that most ranchers look for low birthweights. Cattle are finicky 

in that they don’t always calve (or give birth) easily. One large 
factor in difficulty calving (also called dystocia) is birthweight. 

Depending on breed, an average birthweight may be around 75-
85 pounds. As a rule of thumb, any calf over 100 pounds is very 
large, and the cow will generally need assistance in calving. As 

you would expect, it's not fun to help pull a calf, so ranchers try 
to avoid this as much as possible by breeding for easy calving 

females and low birthweights. This helps all animals be born 
more safely and comfortably and lets the farmer get more 
sleep! 



 
o Heat tolerant vs. heat susceptible: This trait isn’t critical in 

Iowa, but in areas like Arizona, New Mexico, and Texas, it’s very 
important. In these areas, they will even cross more heat 

resistant types of cattle (like the Brahman of India) to European 
breeds (like the Angus) to create a heat-resistant and hardy 

animal with better meat quality (like the Brangus – part 
Brahman, part Angus). 

o Docile vs. rowdy: As you might imagine, ranchers don’t 

necessarily want to keep wild or dangerous animals around very 
long. Generally, they will only keep animals with calm 

demeanors for their breeding stock. The unpredictable ones will 
get sent to the sale barn. 

o Male vs. female: The dairy sector relies heavily on females; 

therefore, this trait is very important to them. In the beef 
sector, there are uses for both males and females, so this is 

monitored less overall among ranchers. 
▪ Though the inheritance of gender is different than the 

others in the list, it is an important part of genetics.  

▪ Mothers can only give an X chromosome; therefore, 
fathers will always decide gender of offspring.  

o Instruct Little Professor 1s to take two minutes to teach new 
content to partners.  

o Once the time is up, ask the students if any further clarification 

is needed on this content.  
 

5. End this section with leading classroom discussion on what traits are likely 

desirable for Texas cattle producers 

• Heat tolerance 
• Disease and parasite resistant 

• Polled 
• Calving ease 
• Adaptability and browse utilization 

 
Elaborate: 

6. Students will be given a worksheet (provided) with blank Punnett squares 

and different pairs of traits of cattle. Students will predict probability of traits 

in the offspring. The worksheet also includes other questioning and analyses 

to ensure understanding of concepts.  

• Process this worksheet by going back to the phenomena presented at 

the beginning of the lesson (red cow giving birth to a black cow). Lead 
a discussion by asking students to explain the phenomena and how it’s 
possible.  

 



 
Evaluate: 

7. Students will play Genetics Jeopardy (provided). Divide the classroom into 

two teams. Each team will send one person per turn who CANNOT receive 

help from their team.  

NOTE: The answers for Jeopardy are in the notes of the Genetics 

Jeopardy PowerPoint.  

 
  

  



 

VARIATION & PROBABLITY OF EXPRESSED TRAITS 
 

Complete the following Punnett squares and the analysis questions that 
follow.  

 
1. Polled (P) vs. Horned (p):  

Pp x Pp 

  

        

  

  

 
Number of polled calves? _______ 

Number of horned calves? _______ 
Genotype Ratio: ________________ 

Phenotype Ratio: _______________ 
 
2. Black Hide (B) vs. Red Hide (b):  

BB x bb 

  

        

  

  

 

Number of black calves? ________ 
Number of red calves? __________ 

Genotype Ratio: ________________ 



 
Phenotype Ratio: _______________ 
3. Solid (S) vs. Spotted Coat (s):  

SS x Ss 

  

        

  

  

 
Number of solid calves? _________ 

Number of spotted calves? _______ 
Genotype Ratio: ________________ 

Phenotype Ratio: _______________ 

 
4. White Face (F) vs. Black Face (f):  

Ff x ff 

  

        

  

  

 

Number of white face calves? ______ 
Number of black face calves? ______ 

Genotype Ratio: _________________ 

Phenotype Ratio: ________________ 
 

 
 
5. Heat Tolerant (T) vs. Heat Susceptible (t):  



 
TT x tt 

  

        

  

  

 
Number of heat tolerant calves? _________ 

Number of heat susceptible calves? _______ 

Genotype Ratio: ______________________ 
Phenotype Ratio: ______________________ 

 
6. High birthweight (H) vs. Low birthweight (h):  

HH x Hh 

  

        

  

  

 

Number of high birthweight calves? _______ 

Number of low birthweight calves? ________ 
Genotype Ratio: ________________ 

Phenotype Ratio: _______________ 
 
7. Imagine you have your own cattle herd.  

a. Taking into consideration your environment, what are some traits you 
would want to have in your herd? Explain your answer.  

 
 



 
b. How would you attain these genetics in your herd?  

 

 

 

 

 

 

 

 

How might the environment impact the traits you want in your herd? 
(Remember the example of skin tone. Skin tone is genetic, but it can be 

altered by sitting in the sun? 



Homozygous
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Two copies of the same allele at a 
given locus (i.e., YY or yy)
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Heterozygous
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Two different alleles at a given locus 
(i.e., Yy)
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Dominant Allele
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An allele that is expressed fully if 
there is at least one copy at a given 

locus
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Recessive Allele
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An allele that requires two copies at 
a given locus to be expressed 

phenotypically

Texas Ag in the Classroom STEM Lessons
ANIMAL SCIENCE | VARIATION & PROBABILITY OF EXPRESSED TRAITS



Genotype
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The genetic constitution of an 
individual organism
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Phenotype
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The set of observable characteristics 
of an individual resulting from the 
interaction of its genotype and the 

environment. A person’s skin tone is 
genetic, but by sitting in the sun, it 

can be altered. 
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GENETICS 
JEOPARDY
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RULES
• Each team sends one person per turn.  They cannot 

get help from their team
• First to  “buzz” in gets 15 seconds to answer. 
• If the first person to buzz cannot get the answer, the 

second team can buzz in.  Once they buzz in, they 
too have 15 seconds.  They also cannot get help.
• You either gain or lose points on each turn.
• If no team buzzes within 10 seconds, the question 

ends and the answer is given.
• All answers must be given in question form (What 

is…)



$100 $100 $100 $100 $100 $100

$200 $200 $200 $200 $200 $200

$300 $300 $300 $300 $300 $300

$400 $400 $400 $400 $400 $400

$500 $500 $500 $500 $500 $500

Termin-
ology

Cattle 
Traits

Future 
Babies

Fill in the 
Punnet 

Ratios Misc



TERMINOLOGY
• This is the term for an animal that has both 

recessive alleles.
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TERMINOLOGY
• This is the term for an animal who has both 

dominant alleles
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TERMINOLOGY
• This is the term for an animal that has both 

dominant and recessive alleles
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TERMINOLOGY
• This is the genetic constitution of an 

individual organism
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TERMINOLOGY
• This is the set of observable characteristics 

of an individual resulting from the 
interaction of its genotype and the 
environment. 
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CATTLE TRAITS
• This trait is generally seen as a positive trait 

in cattle because of safety issues to 
producers and other animals. 
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CATTLE TRAITS
• This trait is gaining more attention as 

there has been a correlation of animals 
with pinkeye and animals with the 
opposite trait. 

Texas Ag in the Classroom | Variation & 
Probability of Expressed Traits



CATTLE TRAITS
• This trait isn’t critical in the north or 

midwest, but is very important in states like 
Arkansas, Texas, and New Mexico. 
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CATTLE TRAITS
• This trait is deceptive because you think 

cattle producers would want the opposite.

Texas Ag in the Classroom | Variation & 
Probability of Expressed Traits



CATTLE TRAITS
• This trait has little production value, but will 

essentially look like socks. 
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FUTURE BABIES
• What would a cross between this bull and 

cow look like?

• Mother – RR 
• Father – rr

• R – Large rib eye area;  r – Small rib eye area
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FUTURE BABIES
• What would the offspring of a cross between 

this bull and cow look like?

• Mother – Pp
• Father – Pp

• P – Polled;  p – horned
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FUTURE BABIES
• A dog is heterozygous for curly hair and is 

mated with a dog homozygous for straight 
hair (straight hair is recessive). How many 
curly haired dogs will there be?
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FUTURE BABIES
• A chicken homozygous for white feathers is 

mated with a chicken homozygous for red 
feathers (red is recessive). How many red 
chicks and white chicks will there be?
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FUTURE BABIES
• A daisy is heterozygous for gold flowers and is 

bred with a daisy homozygous for yellow 
flowers (yellow is recessive). How many gold 
flowers will there be? 
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FILL IN THE PUNNET
R R

r

r

?
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FILL IN THE PUNNET

RR Rr

Rr rr

?     ?
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FILL IN THE PUNNET

Rr Rr

rr rr

?     ?
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RR RR

Rr Rr

FILL IN THE PUNNET
?     ?
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FILL IN THE PUNNET

Rr rr

Rr rr

?     ?
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RATIOS
• A 3:1 ration of dominant to recessive traits 

indicates that the parents have what 
genotypes?
• Bb and Bb
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RATIOS
• If the offspring are half dominant 

phenotypes and half recessive phenotypes, 
what must the parents’ genotypes be? 
• Bb : bb
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RATIOS
• If all of the offspring have the recessive 

phenotype, what must be the genotypes of 
the parents?
• bb and bb
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RATIOS
• What are the possible genotype 

combinations that would enable the 
offspring to have all dominant phenotypes?
• Hint – there are 3
• BB:BB
• BB:Bb
• BB:bb
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RATIOS
• A cow and a bull are heterozygous for color
• Black is dominant; red is recessive
• They have had 3 calves, all of which are 

black
• What are the odds that they will have a red 

calf the fourth time? 
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MISCELLANEOUS
• In areas with high heat, cattle producers 

may want non-___________ hided cattle. 
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MISCELLANEOUS
• This is the term for a gene that is always 

expressed if it is possessed by the individual 
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MISCELLANEOUS
• This is the term for a gene that is only 

expressed under certain circumstances
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MISCELLANEOUS
• This is the term for the circumstance in 

which an individual may have a gene but will 
not express it because of a different gene
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MISCELLANEOUS
• This is the term for naturally hornless cattle.
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FINAL JEOPARDY
• This trait is a profitable category, particularly 

when you sell the animal to market. 
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