
LESSON 13: Can our explanation for how a single gene contributes to the variation in
one physical trait (musculature) be used to explain variation in other physical traits?

PREVIOUS LESSON We worked in small groups to do research about an organism that uses asexual reproduction, and then shared what we learned with our classmates. We
discussed how the genetic information of offspring from asexual reprodcution compares to that of the parent. Then, we observed and bisected live planaria to
see if they look identical after they regenerate.

THIS LESSON

INVESTIGATION

1 day

 

We wonder if our gene-to-trait story works for every trait, not just extra-big muscles. We look at other
examples by co-constructing a purpose for reading different data. Students build simple models and jigsaw
their model with other students. We share out our patterns to the class and discuss whether these traits are
harmful or beneficial.

NEXT LESSON We will collect data from our own class’s arm spans, and create a graph to represent them. We will also measure the lengths of many sunflower seeds and use
digital tools to graph these because there are many more lengths. We will consider where heavily muscled cattle would be represented if we were able to show
the variety of musculature for cattle on a graph like these.

BUILDING TOWARD NGSS

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

WHAT STUDENTS WILL DO

Analyze and interpret data to find patterns in how structural changes in genes may affect proteins, which may result in harmful or beneficial
effects to the organism.

Obtain, evaluate, and communicate information about how structural changes in genes may cause changes to proteins, which may result in
harmful or beneficial effects to the organism.

WHAT STUDENTS WILL FIGURE OUT

One allele makes one protein, but every trait is not always influenced by just one gene.
Some traits don’t follow the same pattern as the MSTN gene because

sometimes there are multiple genes that affect traits,
the protein made isn’t always used for cell signaling,
traits can affect other organisms (for example, the proteins that cats produce cause an immune response in humans),
and/or
traits can be harmful to an organism.

We can add genes, plural, to our model.
Changes to the genetic information can be beneficial or harmful.



Lesson 13 • Learning Plan Snapshot
Part Duration Summary Slide Materials

1 2 min NAVIGATION
Recall the myostatin gene-to-trait story and navigate students to wonder if this story is the
same for all traits.

A classroom consensus model

2 5 min CO-CONSTRUCT OUR PURPOSE FOR READING/COMMUNICATING
As a class create a chart to keep track of what our purpose is for reading the data.

B classroom consensus model, chart paper, markers

3 10 min OBTAIN INFORMATION ABOUT PATTERNS OF OTHER GENES
Obtain information about genetic patterns in their data, then create a simple model of the
gene-to-trait story for their trait.

C Pigeon Crest Data, Duchenne Muscular Dystrophy Data,
Sunflower Seed Length Data, Cat Allergies Data

4 15 min COMMUNICATE LEARNING WITH OUR NEW JIGSAW GROUP
Students provide feedback on each other’s models, then make revisions. They present and
compare each other’s models to their jigsaw group.

D-F sticky notes, Peer Feedback Self Assessment

5 10 min WHOLE-GROUP BUILDING UNDERSTANDING DISCUSSION
In a Scientists Circle discuss as a whole class the patterns they observed in all the traits. Then
discuss if each of these traits is beneficial or harmful.

G

6 3 min NAVIGATION
Navigating students from the similarities in the gene-to-trait stories to have students wonder
whether some of these variations are more common than others.

H

End of day 1



Lesson 13 • Materials List
per student per group per class

Lesson materials science notebook
Pigeon Crest Data
Duchenne Muscular Dystrophy Data
Sunflower Seed Length Data
Cat Allergies Data
sticky notes
Peer Feedback Self Assessment

classroom consensus model
chart paper
markers

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 13 • Where We Are Going and NOT Going
Where We Are Going

In this lesson students are looking at different traits in different organisms. The purpose is for students to see that while there are many differences in gene-to-trait stories, there are
some important similarities. Students should see that structural changes to genes (mutations) located on chromosomes may affect proteins, and may result in harmful or beneficial
effects to the structure and function of the organism.

Where We Are NOT Going

While in our whole-group discussion we discuss at length whether the traits we were looking at are beneficial or harmful to the organism, we chose not to include the idea of neutral
mutations, which was included in standard MS-LS3-1. In order for students to make the argument of neutrality, students would need more evidence by looking at the actual sequence of
DNA to see how a neutral mutation does not affect the organism's traits. Doing this would be out of grade band and would be a detour from the other focal science ideas in this lesson.



2 min

5 min

LEARNING PLAN for LESSON 13
1 · NAVIGATION
MATERIALS: classroom consensus model

Navigate into today’s work. Say, I know we ended last time excited about our planaria, but they will take some time to grow back. So, let’s take a
look back at our classroom consensus model and consider what else we’re still wondering about. Turn and talk with a partner about what other
questions(s) we have about how this model works.

Display slide A. Point out our classroom consensus model from Lesson 8, and give students a minute to turn and talk. Then, have
students share out their ideas.

Suggested prompt Sample student response

What questions do we have about our model? Well this model shows how heavily muscled animals get that
phenotype. But what about other traits?

Does it always work that way?

Do other genes make other proteins that influence other traits?

Say, Okay, we want to see if what we know about our explanation for the heavily muscled phenotype also works for other physical traits. Cool. I have
some more information for you today: other examples of genes and proteins and traits for you to read about. So, we can divide and conquer and look
at several examples at the same time, then come back together to share what we find.

2 · CO-CONSTRUCT OUR PURPOSE FOR READING/COMMUNICATING
MATERIALS: science notebook, classroom consensus model, chart paper, markers

Co-construct our purpose for reading.
Say, Let’s create a chart to keep track of what our purpose is for reading these data.

Set up a T-chart on the chart paper or board. Display slide B. Have students add this T-chart to their science notebook. Keep classroom
consensus model from Lesson 8 out.

Say, You will use your notebooks to record the important information that will help us understand if what we figured out with extra-big muscles
works with other traits. So what kind of information do we want to know from our data that we need to keep track of in order to answer this question?

Record ideas that students come up with on the left column of the table and have students add it to their table in their science
notebooks as well.



10 min

15 min

KEY IDEAS Purpose of this discussion: For students to create their own scaffolds and clear purpose for looking at the
data.

Listen for these ideas:
What organism did you look at?
What is the trait (phenotype)?
Describe the range of possible phenotypes.
Does the gene(s) code for protein?

If so, briefly describe how the protein contributes to the phenotype.
Are there any other factors besides genes involved in contributing to the trait?

3 · OBTAIN INFORMATION ABOUT PATTERNS OF OTHER GENES
MATERIALS: science notebook, Pigeon Crest Data, Duchenne Muscular Dystrophy Data, Sunflower Seed Length Data, Cat Allergies Data

Obtain information about genetic patterns. Display slide C. Divide the class into 4 groups and provide each group one of the following
readings: Pigeon Crest Data, Duchenne Muscular Dystrophy Data, Sunflower Seed Length Data, or Cat Allergies Data .

Students read their data sheet in their group, answering the questions in the right column on their co-constructed T-chart in their
science notebooks.

Create a simple model. After students analyze their data from the readings, have them create a simple model explaining the causes of
the trait, starting from the genotype. Encourage students to turn their science notebooks to the landscape position and use the full page.

4 · COMMUNICATE LEARNING WITH OUR NEW JIGSAW GROUP
MATERIALS: science notebook, sticky notes, Peer Feedback Self Assessment

Students provide feedback. Display slide D. Assign students to groups of four, one person from each of the data sheet groups. Have
students bring their individual models and explanations to the group. Say, Sometimes in order for us to be able to communicate effectively
about the science ideas behind our model, we first have to get some feedback from our peers. Peer feedback helps us see what parts of our model
are unclear to others or what questions they have about it. This way when we communicate the science ideas behind our model we can make sure we
address these ideas in our explanation.

Review feedback guidelines as a class, giving examples of good and bad feedback, using examples from a previous unit of study, such as
the Sound unit.
The following are productive examples:

“Your model shows that the sound source changes position when it is hit. I think you should add detail about how the sound
source moves back and forth after it is hit.”
“You said that the drum moves when it makes sound, but the table doesn’t move when it makes sound. We disagree and
suggest reviewing the observation data from the laser investigation.”

The following are nonproductive examples of feedback that do not help other students improve:
“I like your drawing.”
“Your poster is really pretty.”
“I agree with everything you said.”

Then have students silently pass their models clockwise, providing feedback on sticky notes to the other students’ models.



10 min

Revise models and share out with your group. Display slide E. Have students read the feedback the other group members left them,
and revise their models. Then have students take turns sharing their models and addressing any questions from the feedback. While
students share out, have them make a T-chart recording similarities and differences between their traits’ gene-to-trait stories.

Complete the self-assessment rubric. Display slide F. After students complete revising their models, hand out a copy of Peer
Feedback Self Assessment to each student. Give students time to reflect on the practice of giving and receiving peer feedback.

5 · WHOLE-GROUP BUILDING UNDERSTANDING DISCUSSION
MATERIALS: science notebook

Bring students together in a Scientists Circle for a Consensus Discussion. Display slide G. Have students bring their science notebooks
with them. Say, We looked at a number of different traits because we wanted to figure out if other genes always make proteins. What do these
proteins do to influence traits?

KEY IDEAS Purpose of this discussion: (1) We want students to engage in each other’s thoughts and to put the pieces
together to get at the ideas of what is common in all gene-to-trait stories and (2) We want to get at the
ideas of whether these variations, which were mutations at one time, are beneficial or harmful to the
organism.

Listen for these ideas:
One allele makes one protein, a different allele makes a different protein.
Some traits don’t follow the pattern, such as our MSTN gene (one gene, multiple alleles, makes a
protein that influences a trait).
Every trait is not always influenced by just one gene.
We can add genes (plural) to our model.
Changes in genetic information can be beneficial or harmful.
Reminder - we are not going to discuss neutral mutations in this lesson as stated in the “where we
are not going” section.

Use the following prompts:

Suggested prompt Sample student response

So at the beginning of this lesson we were curious about whether our
model for explaining how a single gene contributes to variation in one
physical trait (musculature) can be used to explain variation in other
physical traits. What did we figure out?

We figured out that there were some similarities but there are a lot
of differences too. It seems that some of these traits are very
complex. Others appear to be simpler, yet scientists are still trying to
figure out some of the details.

We then looked at a number of different gene-to-trait stories. How
did they compare?

Each of the examples described a different physical trait in a
different organism. They were all related to variation in the way
individuals look.

We saw that most of the time there was more than one gene that
affected a trait.

We also noticed that there were different jobs different proteins do.
Some are used for signaling the cell, others are used for structure.

✱ ATTENDING TO EQUITY

Some students might know someone with
Duchenne muscular dystrophy (DMD). It is
important that we talk about this topic
carefully, not dwelling too much on the
overall negative implications such as a
shorter lifespan, but convey the idea that
muscles don't work as well for people
affected by DMD. If this is too sensitive for
your students, you might want to omit this
data sheet from the activity.



Suggested prompt Sample student response

So it seems there are a lot of differences between the gene-to-trait
stories, but I am hearing from you that it sounds like there were some
things in common too. What common patterns did you see shared
amongst all the different traits we researched?

The genes and the related alleles were passed on from parents to
offspring through chromosomes, and the proteins were something
that were produced by cells later.

Different alleles were involved whether there was one gene or more
than one.

Each protein that is made is related to an individual gene. These
proteins all have some sort of job to do, which then impacts the trait
we observe.

Summarize for the class. Say, So it sounds like you’re saying that not all traits follow the same inheritance pattern as the MSTN gene, and many
traits are influenced by multiple factors, but the shape of the allele always determines the shape of the protein produced for all organisms. So our
model can be helpful to understand what genetic information does in many organisms.

Transition to looking at how variations of a trait can have harmful or beneficial effects for the organism.

Suggested prompt Sample student response

In Lesson 10 we looked at variations in traits in cattle and found that
some of the variations were beneficial and some were harmful.
Which traits did we say were harmful? Which were beneficial?

I remember if the baby cattle had too big of muscles then the mom
cows had to have a C-section. That was a harmful effect. It seems to
be more dangerous for the mom and for the baby.

Also, the farmer said they look for good hooves and legs. If the legs
and hooves are weak the cattle can’t walk around and that’s harmful. If
the legs and hooves are strong, then they can support the weight of
the cattle, which would be beneficial.

Thinking about the variations we looked at in our data, can we
conclude if any of these traits are beneficial or harmful for the
organism to have?

The pigeon crest might be harmful… maybe it would affect flight
because the feathers are going in the wrong direction.

DMD, is harmful because muscles don’t work in the same way and
individuals that have this trait.✱

Sunflower seed length we are not sure about - it could be beneficial
or harmful - we think it definitely could affect reproduction.

Cat allergies. This is harmful to humans but if we have allergies
maybe other organisms have similar responses, which could be a
benefit for survival. This could help keep other organisms away from
cats.

Interesting. So it seems to be that sometimes a version of a trait can
be harmful and sometimes a version of a trait can be beneficial. In
Lesson 8 we said that these variations had to arise from a mutation
long ago. So if new versions of traits can arise from mutations, what
does that say about mutations. Are mutations beneficial or harmful?

It depends! Sometimes an allele can have harmful effects,
sometimes it can have beneficial effects and sometimes even the
same trait can have both harmful and beneficial traits.

I used to think mutations were always bad, but they can be beneficial
or harmful depending on the situation.



3 min6 · NAVIGATION
MATERIALS: None

Navigate to the next lesson. Display slide H. Say, We have observed so many differences between living things, from the crest on pigeons to cat
allergies. By looking at these different examples, we have seen from their gene-to-trait story how there are similarities and differences in how
these living things get their variation of traits. While we were working with these examples today, I started to wonder if this was the first time you
heard about some of these variations.

Ask students, By raising your hands, please answer these questions:
Which of you in this class worked with the sunflower seed photos at the beginning of this unit?
How many of you know someone with Duchenne muscular dystrophy?
How many of you have ever seen (before today’s photos) a pigeon with a crest like you read about today?
How many of you know someone with a cat allergy?

Say, Interesting. It seems like some of these trait variations are more common than others. Nod your head at me or something: Did any of you
wonder while you were working today, “How many people have DMD?” or “Really, do lots of pigeons have feathers like that?” Next time we’re
together, let’s investigate how common (or not) some different traits are.

ALTERNATE
ACTIVITY

If time permits, allow students to go check up on their Planaria to see if they are changing. Depending on
how much time you have, you could have students sketch out what the Planaria look like and write down
observations of any changes they noticed.


