
LESSON 9: Why don’t offspring always look like their parents or their siblings?
PREVIOUS LESSON We updated our classroom consensus model to include our recent findings about the role genes, alleles and the myostatin protein play in making extra-big

muscles. Then we updated our Progress Tracker with a partner and revised our initial model individually. Looking at a cattle family, we realized that the siblings
don’t look the same. We discussed how this information impacts our model.

THIS LESSON

INVESTIGATION

2 days

Students investigate several family trees that trace the inheritance of the myostatin gene, and notice patterns in
the proportion of offspring with different phenotypes and genotypes, and patterns that are dependent on the
genotypes of the parents. They connect these ideas to what they learned in Lesson 5 about how alleles are
passed to offspring via sex cells and then can recombine in different ways in the zygote. This recombination
explains why we don’t look exactly like our parents or our siblings. They use simple mathematical models to help
us predict the probability that a known cross will result in a particular genotype.

NEXT LESSON In the next lesson, we will read about ways farmers breed animals for specific traits, and we will run a computer simulation to try our hand at selective breeding.
We will figure out that by breeding animals with beneficial traits more often, we can increase the frequency they are seen in the population.

BUILDING TOWARD NGSS

MS-LS1-5, MS-LS3-1. MS-LS3-2,
MS-LS4-5

WHAT STUDENTS WILL DO

Use mathematics and computational thinking to find patterns about genotypic and phenotypic outcomes resulting from crossing individuals with
specific genotypes.

Plan and carry out an investigation to collect data and uncover patterns that support the idea that alleles separate when sex cells form and then
recombine at fertilization, so each parent contributes half of the genes acquired (at random) by the offspring.

WHAT STUDENTS WILL FIGURE OUT

Some offspring of parents with extra-big muscles don’t always have big muscles too, but if the offspring does happen to have big
muscles, at least one parent also has to have big muscles.
Cows that have certain genotypes have predictable phenotypes.

Cattle homozygous for the typical myostatin allele (mm) look like they have typical muscles.
Cattle that are homozygous for the mutated myostatin gene (MM) look like they have extra-big muscles.
Cattle that are heterozygous for the myostatin allele (Mm) have muscles that seem to be bigger than average.

The proportion of offspring with different phenotypes can be predicted depending on the genotypes of the parents.
If one parent is MM and the other is mm, 100% of the offspring have big (but not extra-big) muscles.
If both parents are heterozygous, we see about 50% of the offspring with big (but not extra-big) muscles, and 25% of offspring
with typical muscles. The other 25% have extra-big muscles.
If one parent is MM and the other is Mm, 50% of offspring have extra-big muscles and the other half have bigger-than-typical
muscles.

The likelihood of getting various phenotypes based on the parents’ genotypes for the myostatin protein is linked to the phenomenon that
alleles separate into different sex cells and can recombine in ways different than what was seen in either parent at fertilization.
We use the idea of separation and recombination to employ a simple mathematical model to predict the probability of certain
phenotypes as a result of a known genetic cross.



Lesson 9 • Learning Plan Snapshot
Part Duration Summary Slide Materials

1 5 min NAVIGATION
Observe family photos of siblings, and reflect on what we know about genes to ask why
we don’t look exactly like our parents and siblings if we are all sharing the same genetic
information.

A-B

2 8 min ORGANIZE NEW SIBLINGS INTO FAMILY TREES
Organize the individual cards to show relationships between individuals and to
reconnect to what the symbols on the cards represent.

C-H Traditional Pedigree Graphic Organizer, Using Pedigrees to Make
Predictions, one family set (10 individuals) of data cards per group
- the set is created by adding 3 individuals from Siblings to Add to
Family Cards or Duplicate Siblings to Add to Family Cards to the
existing 7 individuals in each family set used in Lessons 5 and 6

3 10 min SIMPLIFY THE PHENOTYPE AND GENOTYPE TRACKER
Connect what we’ve learned so far to how it will be represented on the simplified
pedigree representation, and fill in the pedigree to show phenotypes of family members.

J-L

4 10 min INVESTIGATE FAMILY GENOTYPES AND PHENOTYPES FOR MYOSTATIN
Transfer genotypes to a pedigree that already has phenotypes represented. Look for and
record patterns between the combination of alleles that lead to certain phenotypes.

M

5 10 min BUILDING UNDERSTANDINGS DISCUSSION ABOUT THE RELATIONSHIP OF ALLELE
COMBINATIONS TO PHENOTYPE
Discuss the key ideas and patterns learned from organizing the pedigree chart to
connect this to what we already figured out, and to consider if this has helped answer
our question about why offspring don’t always look like their parents or siblings.

N-Q

6 2 min NAVIGATION
Check in on the progress made answering the questions for this lesson and identify if
there is anything else we need to know.

R

End of day 1

7 2 min NAVIGATION
Connect student thinking to ideas from the previous class period as a reminder for what
data will be useful to help answer our questions.

R

8 10 min CALCULATE GENOTYPE PROPORTIONS FROM MORE PEDIGREES
Use data collected from pedigrees to calculate the proportion of offspring resulting from
several different crosses. Look for crosses where offspring don’t look like the parents.

S-V Using Pedigrees to Make Predictions

9 5 min MAP ALLELES OF INDIVIDUALS BACK TO SEX CELLS RECEIVED FROM PARENTS
Return to the idea that egg and sperm randomly divide their chromosomes into separate
sex cells when they are created. Ground the idea that individuals that are homozygous
for a trait have 100% of their sex cells with the same allele for that trait, but if an
individual is heterozygous for a trait, 50% of sex cells have one allele for that trait and
the other 50% have the other allele.

W-AA



Part Duration Summary Slide Materials

10 10 min SIMULATE RANDOM EGG AND SPERM COMBINATIONS
Use a coin toss to simulate the random nature of which egg is fertilized and by what
sperm. By calculating the proportion of offspring that result when two individuals with
certain genotypes have offspring, this simulation creates a data set that we can use as a
way to support the description of random allele recombination during sexual
reproduction.

AB 4 poker chips per group - 2 of each color, tape and marker to
label each side of the poker chip, chart paper or white board to
display class data

11 5 min BUILDING UNDERSTANDINGS DISCUSSION ABOUT HOW TO CALCULATE
EXPECTED OUTCOMES
Discuss the idea that what we’re doing—performing simulations to create potential
offspring so we can count them and figure out the proportion of each in the population—
is time consuming and cumbersome. Motivate the need for a mathematical tool to help
make these predictions.

AC-AQ

12 10 min PRACTICE MAKING PREDICTIONS USING PROBABILITY
Give students a choice to use a Punnett square or the Probability Rules to find the
expected outcomes of two crosses.

AR-AS

13 3 min NAVIGATION AT
End of day 2



Lesson 9 • Materials List
per student per group per class

Lesson
materials

science
notebook
Traditional
Pedigree
Graphic
Organizer
Using
Pedigrees to
Make
Predictions

one family set (10 individuals) of data cards per group - the set is created by adding 3 individuals from Siblings to Add to
Family Cards or Duplicate Siblings to Add to Family Cards to the existing 7 individuals in each family set used in Lessons 5
and 6
4 poker chips per group - 2 of each color
tape and marker to label each side of the poker chip

chart paper or
white board to
display class data

Materials preparation (20 minutes)
Use color copies of the following materials from your kit Siblings to Add to Family Cards and Duplicate Siblings to Add to Family Cards (or color-print them) and place them into extra
sheet protectors from Lessons 5-6 or laminate them to save for future use. Create family sets of 10 individuals by adding 3 individuals from Siblings to Add to Family Cards or Duplicate
Siblings to Add to Family Cards to the existing 7 individuals in each family that were created by combining Family Cards or Duplicate Family Cards with Protein and Chromosome Data or
Duplicate Protein and Chromosome Data in Lessons 5 and 6. Use binder clips to keep the families of 10 together.

Cut an 8.5” x 11” piece of paper in half for adding words to the word wall. You may want to laminate these to keep for next year’s class.
homozygous
heterozygous
zygote

Make copies of Traditional Pedigree Graphic Organizer, so all students have one copy of each to add to their science notebooks. You may also choose to make copies of optional
handout Student Support for Probability Work.
Have tape available for students to attach handouts to their science notebooks.

Gather enough poker chips, checkers, or buttons (something that comes in two different colors that can be flipped fairly easily) so that each group has two chips of each color. Each
group will also need masking or labeling tape and a marker to label the chips.



Lesson 9 • Where We Are Going and NOT Going
Where We Are Going

Before this lesson, students created a classroom consensus model that showed chromosomes have genes, which are structural components that enable cells to make certain proteins.
Different forms of these genes, called alleles, exist as a result of a rare mutation event that changes the structure of the gene and therefore affects a cell’s ability to create the protein in the
same form. Having a different allele for a given gene can result in an individual’s cells making an atypical form of the protein, which in turn may affect the individual’s phenotype. Students
wondered if offspring always get the same genetic information that their parents have, and then investigated these questions using the family trees they worked with before, with the addition
of some siblings to compare.

Students discover that an individual’s phenotype for musculature depends on how many copies of the atypical myostatin allele the individual has; then they reflect on what they learned in
Lesson 7 to understand how making both functional and non-functional myostatin may result in an intermediate phenotype with regard to musculature. Uncovering the patterns in the family
trees reveals that each parent has two alleles for each gene, and by getting one of the alleles from each parent, an offspring may end up with a different combination of alleles than either
parent has. The same is true with regard to siblings. Finally, students streamline their original family phenotype trackers by consolidating some of the symbols they used for sex and phenotype
into the conventional symbols used in pedigees. They use these models to figure out how to predict the probability that a particular phenotype and/or genotype would result from a specific
parental cross.

Where We Are NOT Going

Students will reflect on a simplified version of the mechanism of cell-protein interaction that will lead to an intermediate phenotype for heterozygous individuals, but they will not name the
type of inheritance nor will they define the terms “codominance” or “incomplete dominance.” So far students have discovered that only one chromosome each of an individual’s pair of
chromosomes ends up in sex cells. In this lesson we will follow the fate of a single chromosome pair that contains the myostatin gene (chromosome #2). While the chromosomes in this
activity have two other genes represented, we focus only on the recombination of the alleles at that single locus. Independent assortment will not be addressed since we will show only a
single chromosome here, and because crossing-over is introduced in the 9-12 grade band.



5 min

LEARNING PLAN for LESSON 9
1 · NAVIGATION
MATERIALS: science notebook

Look back to what we wondered about last time. Display slide A. Say, So last lesson we looked at a family tree that had some brothers and
sisters from the same parents shown on the same family tree. We noticed that siblings don’t always look like each other and not only that, but they
don’t always look like their parents either. When we think about ourselves - this makes sense. We don’t look exactly like our parents or our siblings
either. But how does this work? Why don’t babies always look like their parents?

Decide how to investigate these ideas. Show slide B. Say, Last class we went back to our Driving Question Board and noticed we had some
questions about what we wondered about originally. Why don’t siblings look the same? How do some trait variations skip a generation? Why don’t all
babies from parents with big muscles always have big muscles, too?

Ask students to open their science notebooks to our investigations in Lessons 5 and 6. Say, Take a minute to look back in your science
notebooks for some ideas about how we’ve investigated some of our questions so far. If you see something that might help us here, jot down your
ideas and then discuss your ideas with your partner after they have had some time to jot down ideas as well.

Bring the class back together. Say, What ideas did your partner share for how we could investigate these questions and/or what information we
could use to answer these questions?

Suggested prompt Sample student response

What did we use to create these family trees in Lessons 5 and 6? We had cards with pictures of different cows that said who each cow
was related to.

What other kinds of information aside from the pictures of the cows
did we have available?

In Lesson 6 we got more information that showed us there were genes
on the chromosomes, and there were different alleles for each gene
too.

We also had information about what form of myostatin protein the
cows had, and the type of myostatin they have is linked to they type
of allele for myostatin they have.

In Lesson 7 we learned that the myostatin protein stops more cells
from turning into muscle cells, and the other version of myostatin has
a different shape, so it is not able to do the job it is supposed to do…
and more muscle cells develop when an individual has that kind of
protein.

Were there any ideas that stood out to you that might help us now? We could look more closely at how the alleles are getting passed to
offspring.

We could find out more about what happens with the myostatin
protein - like what happens if they have both of the proteins like we
saw on the cards.



8 min

ADDITIONAL
GUIDANCE

The purpose of this navigation is to resurface the ideas we will be revisiting in depth during this lesson. There
isn’t a need to ensure that students remember all of the details at each level of scale at this point, only to serve
as a reminder and draw attention to the physical structures that are important at each level so they are within
reach of moving forward.

2 · ORGANIZE NEW SIBLINGS INTO FAMILY TREES
MATERIALS: Traditional Pedigree Graphic Organizer, Using Pedigrees to Make Predictions, one family set (10 individuals) of data cards per group - the set is created by adding 3 individuals from
Siblings to Add to Family Cards or Duplicate Siblings to Add to Family Cards to the existing 7 individuals in each family set used in Lessons 5 and 6

Organize your family photos in small groups. Advance to slide C. Say, OK, let’s go back and collect some of that information and look for some
patterns that might shed light on some of this. We will study the same family we’ve been working with in Lessons 5 and 6, but we’ve added some
siblings to each of the families. Take a moment to organize the individuals in your family tree to show their relationships like we did before, and add
the new siblings in the appropriate place based on their relationships.

Give the groups a few minutes to organize their individuals into a family tree.

Make connections between symbols and visible cell structures. Show slide D. Say, Let’s take a minute to get oriented again to what we are
looking at. The information cards you have for each of your cows have a lot of symbols and structures, Let’s take a moment to establish how we are
thinking about what these symbols actually are as we move through the rest of our investigation.

Suggested prompt Sample student response

If we zoom in to individual muscle cells, what would we want to be
looking for that will help us understand what these symbols represent?

If you zoom in you will see the chromosomes that the muscle cells
have.

Show slide E.

Suggested prompt Sample student response

Great! That’s right, we had this jumbled mess of chromosomes and we
saw that scientists organize them into a karyotype, which helps us
better see patterns. What about this karyotype relates to our symbols?

The two stacks of symbols represent one pair of chromosomes.

Show slide F.

✱ SUPPORTING STUDENTS IN
DEVELOPING AND USING SCALE,
PROPORTION, AND QUANTITY

By looking at each successively smaller scale
and explaining what we can and cannot
detect with our eyes or with the aid of a
microscope, we can highlight the need to use
symbols to represent the structural
differences between the chromosomes that
are just beyond what is observable with the
level of technology a typical classroom has
access to.



10 min

Suggested prompt Sample student response

When we look at the chromosomes under the microscope, they look
pretty similar because the molecules that are differently shaped are
much smaller than our classroom microscopes can detect.✱ How did
adding these symbols help us make sense of this data?

The symbols are showing that there are several genes on each
chromosome.

The symbols also show there are different alleles for the genes that
are on each chromosome.

Even though they look the same and have the same genes, they are
not exactly the same because they might have different alleles.

Show slide G, pause, then advance to slide H.

Allow students to study the image for a moment, then advance to slide I. Say, Let’s do a self check. Without talking to anyone, think about the
following question: Where did these structures in this offspring’s muscle cells “originally” come from? Bring students back together as a class to
discuss their ideas.

Suggested prompt Sample student response

OK, this has really helped me. We can see that individuals have pairs
of these chromosomes. Where did these chromosomes “originally”
come from? Were the individuals born with them?

We saw in Lesson 5 the egg and sperm have half the number of
chromosomes as body cells have. So when the sperm fertilized the
egg, they combined.

Each pair of these chromosomes has one chromosome that came
from the individual’s female parent and one from the individual’s male
parent.

ADDITIONAL
GUIDANCE

We haven’t really visited the idea that there are half the number of chromosomes in eggs and sperm since
Lesson 5. This is an important point we will be building on in this lesson and there will be several chances to
revisit this. If students struggle to come up with this idea, pull up the slide from Lesson 5 or have students
return to the egg/sperm diagram they annotated in Lesson 5 to see the patterns that led them to realize that
the egg and sperm chromosomes combined to give an individual their chromosomes.

3 · SIMPLIFY THE PHENOTYPE AND GENOTYPE TRACKER
MATERIALS: None

Reflect on what we figured out so far by looking at our family trees. Show slide J. Say, so far we’ve looked at a lot of different pieces of
information to help us make sense of how the phenotypes of our cows are related to the phenotypes of their other family members, and how all of the
cows’ phenotypes are related to their genotypes. Having so many different representations could get confusing, so we’re going to learn about how to
take the information we want to focus on and show those relationships on a pedigree.

Prepare science notebooks to record family information on a pedigree chart. Give all students a copy of Traditional Pedigree Graphic
Organizer. Ask them to open to the next available page in their science notebooks. Have students fold the graphic organizer in half and attach
to their notebook page. If they would like to keep extra notes about how to read pedigrees or what the symbols mean, they can add those
under the folded portion of the paper.

✱ SUPPORTING STUDENTS IN
DEVELOPING AND USING SYSTEMS
AND SYSTEM MODELS

We have developed a complex set of
components to describe what is happening
when proteins are made, and now we admit
we need to simplify the model to help us
figure out what is happening at a different



Say, Add a title to your pedigree that indicates the trait we are following and the name of the family member we are using to identify each family.
Study your new family member cards and determine how many circles and/or squares you need to add to the bottom row. You will need to add 4
shapes total; one for the original offspring we studied, and 3 more for new siblings.

Create a pedigree showing each individual’s phenotype for musculature. Display slide K. Ask students to examine their phenotype tracker
from Lesson 5. Say, We are simply recreating this portion of our tracker, right now but we are also adding the new siblings. Give students time to
independently add this information to their science notebooks.

Consider other information to add to the pedigree. Ask students to look at a few of the cards in their family to examine the symbols that
represent the different alleles on chromosome 2.

Suggested prompt Sample student response

How many chromosomes are represented by the symbols we are
looking at?

The symbols represent a pair of chromosomes.

The two vertical stacks of symbols represent two different
chromosomes.

Do we see genes on these chromosomes? How many different genes
do we see? How are the different genes represented?

There are 3 different genes - the same 3 genes are on both
chromosomes.

We can tell they are different genes because of their position on the
chromosome and we are showing them as different colors too.

Is the idea of alleles represented here? How many different alleles for
each gene do we see? How are the different alleles represented? What
else do you notice about how the alleles are arranged?

Looking at a few different examples it looks like there are two different
alleles for each gene.

We can tell there are different alleles for a gene because they are the
same color but different shapes.

Not all cows have two different alleles for a gene, sometimes they
have the same allele for one gene and different alleles for other genes.

Which of these colors represents the myostatin gene? The gene at the bottom of the stack.

The blue circles and stars.

What do the different allele symbols for myostatin represent? The genes are different shapes, and because they are different shapes
they will make different proteins.

The version of myostatin that is a circle is the functional protein and
individuals will have typical muscles. The star is a gene that has a
mutation and changed shape, so the protein it is responsible for
making is also a different shape.

scale. Making this move visible helps
students realize models have different
utilities at different scales. We sometimes
need to simplify a model to best highlight
the part of the system we are studying.



10 min

10 min

Advance to slide L. Say, While it is often helpful to have more information about the other genes on the chromosome we are looking at, it is also
valuable to pull out only the gene were are interested in. By simplifying the model in this way we can look for patterns that are associated with this
gene alone.✱ To further simplify our work with our model, we can use letters instead of drawing symbols. This will make it a lot faster for us to record
our genotypes - because we will be recording quite a few of them. Let’s plan to use the letter “M” for muscles. Since the star is associated with big
muscles, let’s replace the star with an uppercase “M” and the circle will be replaced with a lowercase “m”. Add this information to your pedigree key.

ADDITIONAL
GUIDANCE

Some students may have some background in genetics and may even mention the idea that these letters
mean an allele is “dominant” or “recessive.” If these ideas surface, acknowledge that there are many different
schemes for designating symbols (and what these symbols mean) to alleles. In this case our letters do not
correspond to whether one of the alleles is dominant, they only represent what version of the gene we have.
Add that it is ok to designate any symbol you want, as long as you have a key to identify it properly. One
example of an alternate lettering scheme might be something like this: M = big muscle allele and T = typical
muscle allele.

4 · INVESTIGATE FAMILY GENOTYPES AND PHENOTYPES FOR MYOSTATIN
MATERIALS: science notebook

Add genotype to the pedigree and record patterns between allele combinations and phenotype. Say, We are about to finish creating our
pedigree, but we will be able to collect some useful information at the same time. While you are placing the genotypes on your pedigree, you will
undoubtedly notice some patterns and have some interesting ideas and questions. Please be sure to record these as you are working.

Show slide M. Ask students to create a Notice and Wonder chart on the page next to their pedigree. Say, Now go ahead and use the
symbols in your family data set that show myostatin genotype to record the genotypes in the appropriate place on the pedigree using the “M”

and “m” system. If you see any patterns or have any questions, record these ideas in the Notice and Wonder chart.

5 · BUILDING UNDERSTANDINGS DISCUSSION ABOUT THE RELATIONSHIP OF ALLELE
COMBINATIONS TO PHENOTYPE
MATERIALS: None

Discuss patterns and how these connect to what we know and the questions we are trying to answer. Display slide N and Say, Turn to your
elbow partner and take 30 seconds each to share one pattern or key idea you noticed, and one question that came up for you while you were
organizing your pedigrees.

✱ ATTENDING TO EQUITY

The common “fall back” language many
teachers use to convey information about
the alleles an individual has involves
describing a letter of the alphabet in terms of
its “case.” This creates several points of
confusion for students because we are
moving from a concrete to symbolic
description of genotype. However, this could
be especially problematic for emerging
multilingual students who may lack
familiarity with the details of our alphabet
structure.



Move to slide O and ask students to share their ideas about the following questions that are displayed on the slide:
How did an individual’s combination of alleles for myostatin relate to its phenotype?
Does this make sense based on what we know about how myostatin works with regard to muscle development?
Have we answered our question completely yet? Are there any instances where offspring don’t get their parents’ muscles?

Suggested prompt Sample student response

Did you have any general noticings about phenotype that you may
not have noticed earlier? How many of these individuals had really big
muscles.

Only some of the individuals had really big muscles. Not all offspring
of individuals with really big muscles had really big muscles, but some
did.

If an offspring had really big muscles though, it always had someone
in the family, like a parent or grandparent that also had really big
muscles.

What did you notice about how an individual’s combination of alleles
for myostatin relates to its phenotype?

There were three different combinations. Individuals that had the mm
genotype looked like they had typical muscles, MM had extra-big
muscles and those that were Mm were somewhere in between.

What about the protein myostatin? Did anyone notice anything
different about myostatin, depending on the combination of alleles an
individual had?

If an individual was “MM” or “mm” they only had one kind of protein,
but if they were “Mm” they had two different proteins.

OK, does what you noticed about the combinations of alleles, and
how that affects the proteins and eventually the phenotype, make
sense based on what we figured out so far about how myostatin
works?

Yes… it was kind of complicated but if they had a gene that was the
wrong shape, a protein was made that had a different shape. This
made it so that more muscle cells developed.

We’re not really sure what happens when a cow has both kinds of
protein, but it seems like it causes more muscles than typical to form.

Add homozygous and heterozygous to the word wall. Say, OK, yeah, this story was pretty complicated. Let’s do a quick visual reminder of how
myostatin works when it has a normal shape, and what happens when the allele for the gene has a different shape… making the protein also have a
different shape.

Say, But I think it is also time to introduce some words that will help us talk about our genotypes more efficiently.✱ It’s kind of weird to say “Big M Big
M” or “Big M Little M,” and we’re going to be talking about these genotypes even more often. The term we use for organisms that have two of the same
allele for a gene is called homozygous, and individuals that have two different alleles for a gene are called heterozygous for that gene. Let’s add these
words to the word wall.

Examine the relationship between genotype and phenotype with regard to the myostatin protein. Display slide P. Say, There are two ways
to be homozygous in this case, correct? Two of the alleles that make the functional protein, or two alleles that make the non-functional protein, and
we see that there is a pathway with a cell either becoming a muscle cell or not, based on whether the protein is the right shape. But wait, it kind of
looks like the protein might be binding in both cases.

Advance to slide Q. Say, Turn and talk to your elbow partner to answer the following questions: “Why does having Mm or mM result in making two
different kinds of protein, and how does producing both kinds of proteins affect muscle growth?”



Bring the class together to share explanations for phenotypes of heterozygous individuals. Say, OK, let’s make sense of this.

KEY IDEAS Purpose of this discussion: To ensure the idea that there are three different genotypes that are linked to
specific phenotypes, and we can build on this common understanding when we look for proportions of
populations that correspond to these genotypes. We also want to remind students just how these genotypes
are linked to the phenotype based on what we learned about how the myostatin protein works.

Listen for these ideas:
There are three possible genotypes. Two of the genotypes , MM and mm, are really big muscles, and
typical muscles, respectively.
Two of the genotypes, MM and mm are really big muscles, and typical muscles, respectively.
The cows with the Mm genotype seem to be somewhere in between having really big muscles and
having typical muscles.

Functional myostatin leads to having typical muscles because it is the right shape to interact with the cell, while
the other version of myostatin is missing a section of protein that doesn’t let it interact with the cell properly.
The other version of myostatin is close enough in shape to get in the way of the functional myostatin (if both
proteins are produced by an individual as in the case of our Mm cows), but the shape is different enough that it
doesn’t interact with the cell properly - so it makes sense why our Mm cows look the way they do. Sometimes
cells don’t turn into muscle cells… but sometimes because the other version of myostatin is there, they do.

Suggested prompt Sample student response

So if an individual is homozygous for the allele that makes the
functional version of myostatin (what we have used “little m” to
represent), what will the phenotype of the cow be? Can someone walk
us through how the gene contributes to the phenotype?

The cow will have typical muscles.

The functional myostatin will bind to the cell and send a message to
stop it from developing into a muscle cell, so the cow has the typical
size and amount of muscles.

Great, can someone walk through this process for an individual that is
homozygous for the allele that makes the non-functional version of
myostatin (what we used “big M” to represent.)?

If a cow has two alleles that make the non-functional myostatin, it
will only be able to make that kind of myostatin. The shape is kind of
similar but there is a chunk missing that is important to interact with
the cell. If the cell doesn’t know the protein there, the cell doesn’t get
told to stop developing into a muscle cell, so cows get way more
muscle cells than a typical cow.

OK, so what if the cow has one of each allele? The cow would make both the functional and non-functional form of
myostatin.

But if they have the functional version present, why do they look any
different? Shouldn’t the functional myostatin be able to tell the cells
not to develop into muscle cells?

Well, it does, if it can bind to the cell. The non-functional myostatin is
shaped pretty much the same except for that missing part. So the
non-functional can still kind of bind to the cell and prevent the
functional myostatin from binding.

When the functional myostatin can’t bind, the cell goes on to become
a muscle cell. But sometimes the functional myostatin binds first and
those cells don’t develop into muscle cells. That is why they have more
muscles than a typical cow, but not quite as many as the cows with
extra-big muscles.



2 min

2 min

10 min

6 · NAVIGATION
MATERIALS: None

Students share whether we’ve answered our lesson questions. Display slide R. Say, So what do you guys think - have we completely answered
these questions? Do we now know why offspring don’t always look like their parents?

Suggested prompt Sample student response

So what have we figured out so far? Depending on whether cows are heterozygous or homozygous for the
myostatin allele will dictate how they look.

Did we see any instances where the offspring didn’t get their parents
muscles at all?

I think there were a few cases where a cow didn’t have big muscles but
we couldn’t see his parents, so it might help to have more information.

Did we figure out if certain individuals are more likely to have offspring
that have big muscles? It seems like this would be valuable knowledge
if we were farmers and could predict this!

That would be helpful. We don’t think we had enough individuals in
our families to be able to make any predictions one way or another.

I wonder where we could get this information, do farmers have records
like this?

End of day 1

7 · NAVIGATION
MATERIALS: None

Briefly orient students to where we left off. Say, At the end of the previous class period we were talking about whether we could say for sure that
we could answer why offspring don’t always look like their parents. It was kind of hard because our families weren’t that big, so I looked for more cows
like this online and I found out that ranchers keep something called herd books. These herd books have lots of data and there was information about
the same traits we're looking at for a lot of cows like the ones we are studying. Let’s look at some of these and see if we can pull out some clearer
patterns.

8 · CALCULATE GENOTYPE PROPORTIONS FROM MORE PEDIGREES
MATERIALS: Using Pedigrees to Make Predictions

Revisit the purpose of this activity. Say, Having a chance to look at more data may be an opportunity to see some patterns we haven’t yet seen
with our smaller families. Lucky for us, there is a lot of information about the phenotype of cattle for many different traits. Ranchers have been
tracking traits in herd books to kind of do the same thing we’re trying to do. They wanted to know if they could determine if certain individuals were
more likely to have higher-quality offspring, which would be good for them if they could predict. We created a few pedigrees from the information
found for all of the possible combinations of parent genotypes.



Introduce the skills necessary to complete the activity. Give all students a copy of Using Pedigrees to Make Predictions and show slide S. Give
a quick refresher about the basics on how to read the pedigrees. Then move to slide T and tell students they will work in their small groups to
determine the proportion of offspring resulting from certain genotype crosses. Say, In order to determine if some of theses breeding pairs result
in more muscled phenotypes, we will calculate the proportion of offspring with certain traits.

Suggested prompt Sample student response

I mentioned we’re going to be calculating proportions. Who can give
me a quick explanation of how I could calculate this - or what I mean
by finding the proportion.

Proportions are kind of like ratios.
It’s like what fraction of something we are looking at.
It’s like the percentage of the traits found.

Right, so all of those could be used to describe the proportion. If I
wanted to know the proportion of students in the room that preferred
writing in pen, how would I get that value?

First you would count how many students preferred pens. Then you
would divide that number by the total number of students in the
room.

Great, so I was interested in finding the proportion of offspring that
were MM that result when a heterozygous individual is crossed with an
individual that is homozygous for “M,” where would I start?

I would count all of the MM offspring and divide them by the total
number of offspring.

We have 11 different pedigrees. Will we count all the offspring for all
the crosses?

No we would only count the MM offspring that resulted from the Mm x
MM breeding and divide by only the total offspring from the pedigrees
that crossed Mm x MM.

Calculate proportions from the crosses. Say, OK, we’re going to work as a group so we can get our calculations finished quickly. Divide the
work between your group members and then share your calculations. As you are sharing results, discuss whether you noticed any cases where

offspring didn’t look like their parents, and if you have thought of any new questions. Show slide U to remind students what they should discuss
when they finish sharing calculations.

Describe the patterns found during the pedigree analysis. Bring the groups back together and Say, So what did your groups figure out about
the proportion of offspring that resulted from these different crosses?

Suggested prompt Sample student response

Were offspring of the different crosses randomly muscled or typical? No, certain crosses only had some genotypes possible (it seemed). But
some crosses had all kinds of genotypes, maybe those did seem kind
of random.

Were there any proportions that stood out to you as likely being
meaningful?

When we crossed the same genotypes - and the parents were
homozygous - all of the offspring were the exact same as the parents
(like in MMxMM and mmxmm).
If the parents were the same genotype but heterozygous, some of the
offspring (half of so) looked like the parents, but just a couple were
randomly MM or mm.

If you cross a homozygous individual with a heterozygous one, it
seems like you got half like one parent and half like the other.



5 min

Suggested prompt Sample student response

I heard you say that there were a few times that offspring showed up
from a cross that didn’t look like either parent, for example the Mm x
Mm cross as well as the MM x mm cross. Does this help answer our
questions about whether all kids look like their parents?

Yes we definitely saw that some of the offspring did not have the
same phenotype as the parents, and some didn’t even get the big
muscles from their parents.

Say, OK great. I feel like this thinking is really helping us get farther. In Lesson 5 we investigated just how individuals got big muscles from their parents.
I think it might be useful to go back and look at those ideas again. Show slide V and Say, Look back in your science notebook to the work we did to
learn about this in Lesson 5, and then share your answers to these questions with your elbow partner:

Where did these offspring get the “M” or “m” alleles?
Is it possible that an individual could have gotten a different allele from the same parent?

9 · MAP ALLELES OF INDIVIDUALS BACK TO SEX CELLS RECEIVED FROM PARENTS
MATERIALS: None

Briefly retrace the alleles through the different levels of scale we have investigated. Ask students to share their ideas about how the alleles
get passed from parents to offspring. Show slide W to help along a discussion of the number of chromosomes in body cells vs sex cells.
Then move to slide X, which zooms into the cells all the way to the level of the chromosomes. Show that there is only one chromosome
from each pair of chromosomes in the sperm and egg, and when you move to slide Y, highlight the idea that the alleles we have been
referring to as “M” or “m” have a physical place at each of these levels. This helps us trace the process through different scales to allow us to
make the connections that when we say “separating the alleles” it is the same as saying “separating the chromosomes”.

Suggested prompt Sample student response

In the example we’re looking at, the male and female are both
homozygous, so we know for sure that all of the male’s sperm have an
“M,” and all of the female’s eggs have a “m.” What does this allow us to
know about all of their potential offspring?

If there are only sperm that have “M” alleles and only eggs with “m”
alleles, all of the offspring will be heterozygous.

Display slide Z.

Suggested prompt Sample student response

But what if one of the parents is heterozygous? It looks like half the
eggs have one allele and half have the other allele.

At this point in time, how is it decided which egg is the one that gets
fertilized?

It’s probably just a random chance… whatever egg happens to be
where the sperm is.

Display slide AA.



Suggested prompt Sample student response

If we wanted to simulate this point in time, what could we do to make
sure we were choosing randomly? Can we think of something people
use when they have to randomly decide between two things?

We could toss a coin!

Great, so we can test a lot of different hypothetical breeding pairs to
see if we can replicate the same kind of data we analyzed from the
herd books. If we wanted to see the most convincing data, how many
“offspring” would we create?

The more we make the better, but since we don’t want to run out of
time before class is over maybe we can each do ten flips and then
share the data with the class.

KEY IDEAS Purpose of this discussion: To help students link the ideas they have learned about what is going on with the
egg and sperm—and then the zygote—with regard to alleles, to lift the idea that there is a probability tied to any
given egg or sperm having a certain allele, and that probability is dependent on what alleles the parent had.

Listen for these ideas:
Alleles (on chromosomes) are passed from parents to offspring when the sperm and egg fuse during
fertilization.
Egg and sperm have half the number of alleles as the body cells (or the zygote).
The allele present in any given egg or sperm depends on what alleles the parent had for that gene.
We realize if a parent is heterozygous, half of the egg or sperm cells have one allele and half have the
other, and it is just random chance that dictates which is fertilized by the sperm.



10 min10 · SIMULATE RANDOM EGG AND SPERM COMBINATIONS
MATERIALS: science notebook, 4 poker chips per group - 2 of each color, tape and marker to label each side of the poker chip, chart paper or white board to display class data

Prepare to collect data from breeding pairs. Show slide AB. Ask students to turn to the
next open page in their science notebooks to set up a place to collect data for this
investigation. They need to have a place to record genotype and phenotype for each
flip. Ask students to pair up within their small groups and give each pair of students 2
poker chips (one of each color - one will represent sperm and the other will represent
egg) and assign them a breeding pair. They will select which individual they want to be
(the sperm producer or the egg producer) and write one allele on each side of the poker
chip using tape and a marker. The pair of students will flip their chip at the same time
and write down the allele combination in their notebook.

While students are finishing their investigation, make a place available to record
class data. You can create a table like the one seen below prior to class, starting

on a white board or piece of chart paper. Have students add hash marks for easy
counting, or record numbers they can add once the whole class has contributed.



5 min11 · BUILDING UNDERSTANDINGS DISCUSSION ABOUT HOW TO CALCULATE EXPECTED
OUTCOMES
MATERIALS: None

Determine a more efficient way to make predictions about outcomes of breeding pairs. Display slide AC. Say, OK, let’s come back together
and talk about what we found.

Suggested prompt Sample student response

OK, that was a lot of fun. What exactly were you simulating when you
flipped your poker chips?

How the alleles just end up combining randomly.

OK, so you are saying each side of your poker chip was an allele.
Where do find the alleles?

The alleles are in egg and sperm.

Right, so what were you simulating… if we go back to the processes
that happen. What is going on that would make these egg and sperm
combine in the first place?

….. Uhhhh, ummmm, well

Fertilization… we were simulating the sperm fertilizing the egg.

OK, great! So what were the big takeaways or patterns we notice from
looking at our class data? Did our simulated zygotes seem to be in line
with the proportion of offspring we saw in the herd books?

Yeah, they were pretty close. But they weren’t all the same.

✱ SUPPORTING STUDENTS IN
ENGAGING IN USING MATHEMATICAL
AND COMPUTATIONAL THINKING

Giving students both ways to think about this
problem, and in particular presenting the
Punnett square option second helps
students make sense of how a Punnett
square is just another way to represent the
probability of seeing certain outcomes from
a cross. When modeling this, be sure to
always use vocabulary that connects the
probability to the physical event that is
happening. For example say “We can find
the probability of this kind of sperm
fertilizing this kind egg by…” instead of,
“What is the probability of getting ‘big M -
big M’?”



Suggested prompt Sample student response

Can you think of any reasons that your data might not match up? We had more offspring than we saw from our pedigree data, but we
still don’t have a lot of examples. It would probably look better if we
did like 100 flips instead.

That could be, but is that a very efficient way to answer these
questions? Has anyone ever used any tools in their math class, or
anywhere else, to help make predictions about this kind of thing?

We learned about probability. But it was kind of complicated and I
don’t really remember much about it.

KEY IDEAS Purpose of this discussion: Linking the physical entities of eggs and sperm that have certain alleles that will
randomly combine, and depending on the alleles that the parents have, will dictate the proportion of offspring
with certain combinations.

Listen for these ideas:
Flipping the chip shows that the allele that shows up is random - there is a 50/50 chance of either
allele (if you have both).
The simulation had similar results in genotype distribution as we saw when we looked at the actual
data collected from families where the parents had the same genotype we simulated.

Use mathematical thinking to simplify predictions. Say, OK, there are a few different ways we can attack this problem, but the best part is that
they both take advantage of what we already know!

Show slide AD. Say, OK, just like I said, we’re starting with what we already know. We know there are two possible eggs and two possible sperm, so
the probability that either will be encountered is 50%, or 1/2.

ADDITIONAL
GUIDANCE

Draw attention to the fact that although Rodeo is MM and we know that all of his sperm will have the M allele,
explain that for the purpose of this example and to show how the Probability Rules work, it is easier to start
here and keep them separate at first (we will show you a shortcut as well). Also do keep in mind that just
because all of the sperm have the same allele with regard to musculature, the sperm still have two different
chromosomes, so we are still looking at two different sperm with regard to the chromosome level (so this isn’t
completely just an extra step).

Use the product rule to find likelihood of zygotes. Say, OK, how many different ways can these eggs and sperm possibly combine? Let’s try to find
out. Each time the sperm and egg meet in a different way, we can calculate the probability of that event by multiplying the probability of each of the
cells together. So when sperm 1 meets egg 1, what would be the probability of that particular zygote occurring? Show slide AE and talk through the
math of multiplying the fractions together. Click through slides AF, AG, and AH which show the other ways the egg and sperm could
potentially combine and the same mathematical process.

Return to the word wall to add zygote. Say, “I think we should probably go back to our word wall. I started using a term that I’m not sure we’ve
used before, but as I’m saying it, I think it will help add to our understanding of the other two words we recently added. A zygote is the term for a cell
that has resulted from the combination of the chromosomes of an egg and sperm. It’s that cell that exists right after fertilization but before that cell
divides to start becoming the organism. If we go back to our words “homozygous” and “heterozygous,” do you see the relationship? So if the zygote
has two different alleles for a gene, it is heterozygous since “hetero” means “other” or different, and if the zygote has two alleles that are the same for
a gene it is described as homozygous because the root “homo” means “the same.”



10 min

ADDITIONAL
GUIDANCE

Return to the word wall to add zygote and revisit “homozygous” and “heterozygous” in light of this new word.
During Lesson 5 introducing the term zygote seemed unnecessary because it is only... and it wasn't something
we were talking about about beyond fertilization. Here though, introducing the word will help students better
understand the words we needed to add to talk about combinations of alleles more efficiently. These words
may have seemed unnecessarily complex to kids when we first introduced them. Revisiting this now supports
the idea that these words aren’t unnecessarily complex, but are instead really descriptive.

Combine probabilities of zygotes with the same genotype by adding them. Show slide AI and invite students to notice that some of the
zygotes are the same. Say, Can we count all of the zygotes that are MM under the expected proportion of individuals that will be MM? OK, let’s add
them together then. Show Slide AJ. Let students know in the sidebar that there is also an alternate way to do this calculation if you are up for it.
The information in these slides are also available as an optional handout you can provide for students for extra support. Student Support for
Probability Work

Look at the probability of these events occurring using a visual representation. Say, While these probability problems are valuable to
understand, especially if we are looking at more complicated problems and attempting to keep track of several genes at once, there is another super
simple way to look at these problems that all students of science love.

Show slide AK. Say, OK, we’re going to use the same example we used for the first problem, and just like that problem we will start with what we
already know. Who wants to offer what they think I’m going to put down first? Great, yes - we know what kind of sperm cells and egg cells are
possible. You can record the probability here like we did last time, it won’t be a problem if you don’t, but if you do choose to write it down, you will
better see how these two methods are connected.✱

Show slide AL and introduce the idea of using a grid to organize the ways our sperm and egg could potentially meet. Say, This grid is called a
Punnett square and it helps us easily keep track of which egg is being fertilized by which sperm, and it gives us a place to draw the resulting zygote.
Show slide AM, AN, and slide AO to demonstrate how to complete the grid.

Display slide AP and Say, To determine the probability of getting any of the genotypes, just count the number of that type you see and divide by the
total. Advance to slide AQ and explain that just like with the previous example, there is a way to do a shortcut version that counts on
understanding that homozygous individules can only make one type of sex cell with respect to the alleles that are being considered.

12 · PRACTICE MAKING PREDICTIONS USING PROBABILITY
MATERIALS: science notebook

Practice predicting outcomes of crosses using students’ preferred method. Display slide AR and ask students to turn to the next blank page
in their science notebooks. Let them know that the purpose of this practice if for them to self assess and to identify any ideas they are still
struggling with so they can ask questions or get help to understand. Remind students that the first step of recording the type of egg and
sperm that are possible is important, and not to skip that. Give students time to work independently on these in their notebooks.

ADDITIONAL
GUIDANCE

The slides that stepped through the process of setting up the probability problems and/or Punnets squares are
available as an optional handout. If some students would benefit from the extra structure, or feel like they
would like to take more practice problems home, this handout can be printed for students’ use: Student Support
for Probability Work.



3 min

Complete Exit Ticket. Show slide AS and instruct students to complete the answer the following question on a half sheet of paper to
turn in.

EXIT TICKET If a male is heterozygous for the myostatin allele (Mm) and a female is homozygous for the allele that leads to
typical muscles (mm), what are the probabilities of each genotype their offspring might have? You may choose
to use either the Probability Rules or a Punnett square to figure this out, but be sure to show all of your work.

13 · NAVIGATION
MATERIALS: None

Connect to how we could use the information we figured out. Show slide AT. Say, So this is cool, we can predict the patterns of muscularity in
cows now that we know how this inheritance pattern works. I bet ranchers are all over this information to make sure they have the most muscular
cattle.

Suggested prompt Sample student response

What genotype cattle do you think the farmers are mating together to
get the phenotype they want?

We think they mate MM with MM cows, because then you get the most
muscles guaranteed every time.

So if that’s true, then how common do you think this extra-muscled
trait is in the cattle population of the whole world? These must be
pretty common, right?

Not totally sure - it seems like it would be pretty common because it
would be more desired for meat production, but many of us have
never seen these extra-big muscles on cows before.

Say, OK, So exactly how common are these types of cows? Let’s see what we can do to find out!



Additional Lesson 9 Teacher Guidance
SUPPORTING
STUDENTS IN
MAKING
CONNECTIONS IN
MATH

CCSS.MATH.CONTENT.7.SP.C.5: Understand that the probability of a chance event is a number between 0
and 1 that expresses the likelihood of the event occurring. Larger numbers indicate greater likelihood. A
probability near 0 indicates an unlikely event, a probability around 1/2 indicates an event that is neither unlikely
nor likely, and a probability near 1 indicates a likely event.

CCSS.MATH.CONTENT.7.SP.C.7: Develop a probability model and use it to find probabilities of events.
Compare probabilities from a model to observed frequencies; if the agreement is not good, explain possible
sources of the discrepancy.

CCSS.MATH.CONTENT.7.SP.C.7.B: Develop a probability model (which may not be uniform) by observing
frequencies in data generated from a chance process.

CCSS.MATH.CONTENT.7.SP.C.8: Find probabilities of compound events using organized lists, tables, tree
diagrams, and simulation.

CCSS.MATH.CONTENT.7.SP.C.8.A: Understand that, just as with simple events, the probability of a compound
event is the fraction of outcomes in the sample space for which the compound event occurs.

CCSS.MATH.CONTENT.7.SP.C.8.B: Represent sample spaces for compound events using methods such as
organized lists, tables and tree diagrams. For an event described in everyday language (e.g., "rolling double
sixes"), identify the outcomes in the sample space which compose the event.

CCSS.MATH.CONTENT.7.SP.C.8.C: Design and use a simulation to generate frequencies for compound events.

Students investigate chance processes and develop, use, and evaluate probability models in this lesson.
Specifically they develop a probability model and use it to find probabilities of events. They compare
probabilities from a model they develop by observing frequencies in data generated from their poker chip
simulation. Then students can compare the probabilities from this model to observed frequencies they
calculate from records of this trait in existing cow families.

Students find probabilities of compound events using pedigrees, egg and sperm tables, and Punnett squares to
demonstrate the ability to use the principle that just as with simple events, the probability of a compound
event is the fraction of outcomes in the sample space for which the compound event occurs. They represent
sample spaces for compound events using methods such as organized lists, tables and tree diagrams. For an
event described in everyday language (e.g., "when a sperm fertilizes an egg"), they identify the outcomes in the
sample space that compose the event. Finally, students co-design and use a simulation to generate frequencies
for compound events during the poker chip simulation.


