
LESSON 8: How did those animals get extra-big muscles?
PREVIOUS LESSON Students evaluated and critically read an article about the function of the myostatin protein. Students obtained information and communicated during class

discussion using evidence from the text about how the structure of typical myostatin limits muscle growth, and the different shape of nonfunctional myostatin
leads to greater muscle growth in some organisms.

THIS LESSON

PUTTING PIECES TOGETHER

2 days

In this lesson we update our classroom consensus model to include our recent findings about the role genes,
alleles and the myostatin protein play in making extra-big muscles. After updating our Progress Tracker with
a partner, we individually revise our initial model to explain how our extra-muscled organism and typically
muscled organism would have developed their muscles. Looking at a cattle family, we realize that the
siblings don’t look the same. We discuss how this information impacts our model.

NEXT LESSON Students will investigate the inheritance patterns of the myostatin gene by comparing the proportion of different genotypes collected from pedigrees that
show the results of known crosses. They will use simple mathematical models to help us predict the outcome of known genetic crosses.

BUILDING TOWARD NGSS

MS-LS1-5, MS-LS3-1

WHAT STUDENTS WILL DO

Develop and use a model to evaluate and construct a scientific explanation based on evidence for how different environmental and genetic
(cause) factors influence variation in a trait (effect) at different scales.

WHAT STUDENTS WILL FIGURE OUT

Genotype is the variation of alleles an individual gets from its parents.
A mutation is a structural change in the genetic information that can result in changes to proteins produced, which can affect the
structure and functions of the organism changes its trait.
We need more evidence/examples of offspring that came from the same parents because we don’t think they always look the same.



Lesson 8 • Learning Plan Snapshot
Part Duration Summary Slide Materials

1 5 min UPDATE OVERALL CLASSROOM CONSENSUS MODEL
Update the overall classroom consensus model to include genotype, and add it to the word wall.

A classroom consensus model,
markers

2 5 min BRAINSTORM COMPONENTS FOR OUR GOTTA-HAVE-IT CHECKLIST
Brainstorm a list of components in pairs that will help the class create a model to explain how cattle get extra-big
muscles.

B Gotta-Have-It Checklist

3 25 min DEVELOP CLASSROOM CONSENSUS MODEL FOR HOW ANIMALS GET EXTRA-BIG MUSCLES
Gather in a Scientists Circle and hold a Consensus Discussion to develop a model to explain how cattle get extra-big
muscles.

C-G Gotta-Have-It Checklist, chart paper,
large sticky notes, markers

4 10 min UPDATE PROGRESS TRACKERS AND GOTTA-HAVE-IT CHECKLIST
Update the three-box Progress Tracker and Gotta-Have-It Checklist in pairs, adding components and ideas that were
important from the classroom consensus model.

H classroom consensus model

End of day 1

5 20 min REVISE INITIAL MODEL AND CREATE AN EXPLANATION
Review student initial models and revise them to explain what causes organisms to have variable musculature.

I Gotta-Have-It Checklist, Revise Your
Model

6 5 min NAVIGATION
Discuss with a partner whether all offspring will look like their parents, from whom they get their genetic
information.

J classroom consensus model

7 10 min ANALYZE NEW FAMILY TREES
Analyze a family tree of cattle write down what students notice and wonder about the variation seen by comparing
the siblings to each other and their parents.

K-L

8 5 min REVISIT OUR DRIVING QUESTIONS BOARD
Connect students’ recent questions to other questions on the Driving Question Board to identify the territory for our
next investigation - Why don’t babies always look like their parents?

M Driving Question Board

9 5 min NAVIGATION
Discuss as a class why babies don’t always look like their parents. Refer to the classroom consensus model.

N classroom consensus model

End of day 2



Lesson 8 • Materials List
per student per group per class

Lesson materials science notebook
Gotta-Have-It Checklist
Revise Your Model

classroom consensus model
markers
chart paper
large sticky notes
Driving Question Board

Materials preparation (20 minutes)
Review teacher guide, slides, and teacher references or keys (if applicable).

Make copies of handouts and ensure sufficient copies of student references, readings, and procedures are available.



Lesson 8 • Where We Are Going and NOT Going
Where We Are Going

In this lesson, students are putting the pieces together to be able to model and explain how an organism's genotype affects a trait. Students should be able to model and articulate that
organisms get their genes from their parents. The alleles they get are instructions to create certain types of proteins from building blocks from food. These proteins have a specific job,
and depending on how that job is carried out depends on what type of trait we observe.

Later in this lesson, students are asked, “If we all get genes from our parents, shouldn’t we look just like them?” Not sure of this, we decide to look at a family tree, and notice babies don’t
always look like their parents, and siblings don’t always look like each other. Students decide they need to look into figuring out how this variation between offspring happens.

Where We Are NOT Going

In this lesson, students are comparing the process of how cattle with typical muscles and extra-big muscles get their phenotype. After students, as a class, build out a classroom
consensus model, there is a Consensus Discussion where students analyze and make sense of this model. During the discussion, the question, “Where did the allele for extra-big muscle
come from?” is brought up. It is at this point that the idea of a mutation comes up, and as a class we create a working definition.

While we will discuss the idea of a change happening to the gene creating different instructions for a protein to be made, we are not going to be discussing the specific types of
mutations that happen with DNA, such as deletions, insertions, and substitutions. These details are beyond the scope of this unit and are not needed to understand the phenomena.



5 min

5 min

LEARNING PLAN for LESSON 8
1 · UPDATE OVERALL CLASSROOM CONSENSUS MODEL
MATERIALS: science notebook, classroom consensus model, markers

Observe our classroom consensus model. Refer to the classroom consensus model. Say, I was looking at our classroom consensus model and
realized we have figured out a lot of new science ideas since we last updated it. Let’s take some time to revise it now, in light of what we have figured
out.

Update overall classroom consensus model. Display slide A.

Ask, What new science ideas are we missing that are important in our
explanation of extra-big muscles?

Listen to student responses to get to the idea of “genotype,” and
push students to be able to explain what they have figured out
about it. Add an arrow for “genotype” to our model.

For example, see the green writing that was added to the model
in the picture shown here.

2 · BRAINSTORM COMPONENTS FOR OUR GOTTA-HAVE-IT CHECKLIST
MATERIALS: science notebook, Gotta-Have-It Checklist

Create a Gotta-Have-It Checklist. Pass out Gotta-Have-It Checklist to each student. Display slide B. Say, If we are going to make a detailed
model to explain how cattle get extra-big muscles, we need to know what things we have learned that are essential in explaining this phenomenon.
Working with a partner, you will go through your science notebook, discuss, and then add these essential components to the first column of Gotta-
Have-It Checklist. We will then come back together as a class to discuss these components.

Pair up students and make sure they are working only on the first column. Let them know the other parts of the table will be used later.



25 min3 · DEVELOP CLASSROOM CONSENSUS MODEL FOR HOW ANIMALS GET EXTRA-BIG MUSCLES
MATERIALS: science notebook, Gotta-Have-It Checklist, chart paper, large sticky notes, markers

Gather in a Scientists Circle. Have students bring their science notebooks and their filled-out Gotta-Have-It Checklist into a Scientists
Circle. Display slide C.

Say, What components from your Gotta-Have-It Checklist are essential to helping us model what causes cattle to get extra-big muscles? As
students start sharing their components, have them write one component per sticky note and add it to the chart paper.

KEY IDEAS Purpose of this discussion: To help students to connect what components are essential to the causal
relationship that explains how cattle get extra-big muscles.

These key ideas need to make it on the chart paper:
parents
sex cells (sperm and egg)
baby/offspring
genotype (shape/allele combination/variation of a gene)
chromosomes
phenotype (what we see in the organism)
protein
protein’s job (what it does/function)

See the example here of the component sticky notes your class may develop.

Discuss moving components around. Display slide D.

Say, These components seem like they are important in explaining our model. How might we
organize these components to help us best explain what causes cattle to get extra-big
muscles?

✱ ATTENDING TO EQUITY

Often when learning genetics, there is an
overemphasis on comparing physical
characteristics of organisms and
contrasting differences. While this
overemphasis is sometimes unavoidable,
intentionally look for opportunities, like
here, to emphasize that we are comparing
the process more than the appearance.



Help facilitate students rearranging the components in a vertical list, as shown here.

Build out the model with students. Say, If we are going to explain why some cattle have
extra-big muscles, we need to model and compare the process to cattle with typical
muscles.✱

Divide the remaining space vertically with a dotted line, labeling one side with
“Typical Animal” and the other with “Heavily Muscled Animal.” Discuss and draw out
each component for both the typical and heavily muscled cattle. When the class
finishes drawing for the components labeled genotype and offspring, pause.

Say, The genotype is the instructions on how to build a protein. But a protein can only be
made if there are building blocks of matter available. If the genotype is just genetic
information or directions, then where do the building blocks for making protein come from?

Elicit responses that the building blocks must come from food.

Say, We need to add this to our
model.

Add the building blocks from food
to the model in between
genotype and proteins, as shown
in the example here.

At the same time, add the arrow
for building blocks from food to
our overall classroom consensus
model as pictured here.

Continue to build the model as a
class. Have students articulate how
each component should look, and
provide the evidence for each representation in the model until it is complete. An
example of a completed model can be seen here.







Analyze and discuss the model. Display slide E. Ask students, What scale are we looking at? Remember from the Inside Our Bodies unit the
organization of an organism and the relative size of each:
organism = system > sub-system > organ > tissue > cell > nucleus > chromosome > gene
Reference the slide as you say this, then continue with the following prompts.

Suggested prompts Sample student responses Follow-up questions

What scales are we representing in our
model?

There isn’t just one scale here.

Something happening at one part of the
scale is affecting another part of the scale.

If a student responds with just one of the
levels of organization of an organism:

What lead you to say ____? Are there other
areas that support this too?

Show us an example of where this is
happening.

We have this model before us. Who can, in
your own words, walk us through what this
model is showing us?

Our model shows how the genotypes of both
typical and heavily muscled cattle are
different, causing different-shaped proteins
to be made, and different messages to be
sent in cells. These different messages
create different amounts of muscle cells in
the muscle tissue, which then we can see..

Discuss where the alleles came from. Refer to the new classroom consensus model and
point to the circle allele inside the baby/offspring as shown in this photo. Ask students the
following prompts:

Suggested prompt Sample student response

Where did this circle allele in the offspring come from? It came from the egg and sperm from the parents.

Where did the parents get their circle allele? It came from their parents, or the grandparents of the offspring we
are looking at.

Where did the grandparents get their circle allele? They got it from their parents!



Refer to the new classroom consensus model and point to the star allele inside the baby/offspring as shown in this photo. Ask students
the following prompts:

Suggested prompt Sample student response

Where did this star allele in the parents come from? It came from their parents, or the grandparents of the offspring we
are looking at.

Where did the grandparents get their star allele? They got it from their parents!

Now zoom back to the great, great, great, great, great grandparents.
Where did they get their star allele?

Still from their parents.

Turn and talk about the origin of these alleles. Say, We know that these extra-big muscles are caused by the presence of a specific allele (the
star allele) in the offspring. And we know that this (star) allele is something that was inherited from that individual’s parents. So then it would seem
reasonable to argue that any (star) allele that is inherited from a set of parents, is also one that they inherited from their parents. In this line of
reasoning, we should be able to find that any allele can be traced back in time across many generations. Do you think that in our case of typical and
extra-big muscles that these alleles were always different? Allow a few minutes for students to respond.

Say, It is interesting that we actually know this part of the story. The historical records indicate that a mutation for heavy musculture appeared in a
cow in the 1800s (in a small town in Italy - Guarene d'Alba) that wasn’t in the local population of cattle before that point. Once this mutation
occurred, that individual was able to pass it on to any of its offspring. That is what happened in the descendants of this cow.

Use the model to trace the historical story of mutations. Point out that all cattle used to have just the circle allele, but when this
mutation occurred, it was the first time any organism had the star allele. That individual continued to pass that allele on to its offspring.

Say, By the start of the 1900s, there were already 680,000 of its descendants with the star allele living in Italy alone. Each of them had inherited
the allele, which had originally appeared as a single mutation in one common ancestor many generations earlier.

When an event occurs when an allele appears in a genotype of an offspring that wasn’t there in the parents’ genotype, it is referred to as a mutation.
A mutation is any change that happens to the structure of a chromosome that can be passed on to future offspring, but wasn’t there before. The
changes happen randomly when sex cells are being produced.



10 min

20 min

Add mutation to our word wall and discuss its implications. Take a moment and have students help add “mutations” to the word wall.
Display slide F and ask the following prompt:

Suggested prompt Sample student response

Do you think mutations are common or rare? Why? They are probably common because there are so many variations out
there!

They are probably rare because I don’t think new things come up that
frequently.

Display slide G. Say, Scientists have tried to determine how common mutations are. In the many different types of organisms they have
examined, they have found that mutations are generally quite rare. In mammals, for example, mutations of the alleles for a single gene tend to
occur less frequently than 1 out of 10,000 genes. At this rate, this means that for any given gene, 9999 out of 10,000 individuals that are born can
expect that the alleles in their cells will be ones that their parents also had.

4 · UPDATE PROGRESS TRACKERS AND GOTTA-HAVE-IT CHECKLIST
MATERIALS: classroom consensus model

Update Progress Tracker and Gotta-Have-It Checklist. Display slide H, and leave both classroom consensus models so that students can
view them. Have students pair back up. Tell them to pull out their Progress Tracker and the Gotta-have-It Checklist, and to revise and
update them based on our classroom consensus model and discussion on how those animals got their musculature.

End of day 1

5 · REVISE INITIAL MODEL AND CREATE AN EXPLANATION
MATERIALS: science notebook, Gotta-Have-It Checklist, Revise Your Model

Review initial consensus model. Hide the classroom consensus model from students and display slide I. Have students open their
science notebooks to their initial models from lesson 1. Have a quick conversation with students about how their thinking has changed
from then to now.

Create a new model. Say, Let’s individually create a new model that will be able to better explain how the organism we chose to model gets
extra-big muscles. If you previously modeled cattle in your initial model, choose a different organism to model, since we have already

modeled cattle as a class. Feel free to use your Progress Tracker and Gotta-Have-It Checklist to make sure you include all the necessary components
to explain this phenomenon. Pass out Revise Your Model, then allow students time to create and explain their model on the handout.



5 min

10 min

6 · NAVIGATION
MATERIALS: classroom consensus model

Discuss with a partner. Display slide J. Pull back out the classroom consensus model. Say, So our model says that parents pass on the genetic
information that determines whether the offspring have extra-big muscles or not. And it is extremely rare for a new form of genetic information--a
mutation--to appear that wasn’t there before. So, if the parents pass their genetic information along to their offspring and no mutations occur, then
will the kids always look like their parents? Will the siblings of these cattle look like each other for traits that are inherited? What do you think? Turn
and talk with a partner to make a prediction.

7 · ANALYZE NEW FAMILY TREES
MATERIALS: science notebook

Analyze siblings first. Say, Let’s look at some siblings and their traits again to try to figure this out. Display slide K. Say, Here is a cow named
Elkie, and below her are her siblings. Write down what you notice about all of them and what things this leads you to wonder. Have students take
out their science notebooks and make a T-chart where they can keep track of what they notice and wonder as they look at cattle siblings
and the family tree they come from.

Analyze the siblings family tree. Display slide L. Say, Here is more of Elkie’s family tree. Write down what new things you notice and wonder as
you look at the rest of her extended family. Continue to have students add to their Notice and Wonder T-chart as they observe the family
tree. Allow the students a few minutes to finish jotting down their ideas, then allow them to share their noticings and wonderings with
the class in an Initial Ideas Discussion.

KEY IDEAS Purpose of this discussion: To start to problematize the next lesson question. We want kids to start
wondering, if we just build this inheritance model for how offspring get traits from their parents, then why
don’t they always look like their parents? Why do kids look different from each other and their parents if
they just inherit their parents’ alleles?

Listen for these ideas:
Brother and sisters don’t always look like each other. They don’t have the same color patterns and
their musculature doesn’t all look the same.
Brother and sisters don’t always look like their parents. Some parents are heavily muscled, but
their babies do not all have the same musculature.
When we think about ourselves, it makes sense. We don’t look exactly like our parents or siblings
either.
But how does this work?
Why don’t babies always look like their parents?



5 min

5 min

8 · REVISIT OUR DRIVING QUESTIONS BOARD
MATERIALS: Driving Question Board

Revisit our DQB. Display slide M.

Say, Why don’t babies always look like their parents? I think we have had some questions like this before on our Driving Question Board (DQB). What
questions do we have on our DQB that would also fit under this new question we have just started to investigate?

Read some of the questions from the board, asking students if they relate and should go under this category.

9 · NAVIGATION
MATERIALS: classroom consensus model

Use the classroom consensus model to problematize the next lesson question. Display slide N. Refer to the classroom consensus model
during this discussion.✱

Suggested prompt Sample student response

So let’s recap. It seems like we might have encountered a problem
with our model. According to our model, where do offspring get their
inherited traits?

From their parents.

From the alleles/chromosomes that the parents give to their
offspring in the sperm and eggs.

So then what does our model predict that kids should look like? Our model says that the kids should look just like the parents because
they get their parents’ genetic information.

Is this true? Do kids always look like their parents? No they don’t!

So what’s the problem with this model? (It may be helpful to refer to
schematic of model on slide N.)

Our model predicts that all kids should look the same as their
parents, but they don’t in real life!

What are we wondering? Why is that? Why don’t all babies look like their parents if they all get
their parents’ genetic information?

Say, Let’s dig more into this question next class.

✱ SUPPORTING STUDENTS IN
ENGAGING IN DEVELOPING AND
USING MODELS

The model example is pictured again here
for your reference.



Additional Lesson 8 Teacher Guidance
SUPPORTING
STUDENTS IN
MAKING
CONNECTIONS IN
ELA

CCSS.ELA-LITERACY.W.8.2
Write informative/explanatory texts to examine a topic and convey ideas, concepts, and information
through the selection, organization, and analysis of relevant content.

CCSS.ELA-LITERACY.W.8.2.D
Use precise language and domain-specific vocabulary to inform about or explain the topic.

After students have independently revised their models for this lesson’s assessment, they are asked to write
an explanation of what that model shows. They must use specific science vocabulary and organize their
writing in sequence to fully explain their ideas.


