
LESSON 15: How much of trait variation in a population is controlled by genes or the
environment?

PREVIOUS LESSON We collected data from our own class’s arm spans, and created a graph to represent them. We also measured the lengths of many sunflower seeds and used
digital tools to graph these because there are many more lengths. We considered where heavily muscled cattle would be represented if we were able to show the
variety of musculature for cattle on a graph like these.

THIS LESSON

INVESTIGATION

2 days

 

In this lesson, we check on our planaria and share our observations about their development. Then, we make
connections to the sound unit to develop an analogy that will help explain how different phenotypes can be
differently influenced by environment and genes. We revise our classroom consensus model to reflect how
different factors influence musculature in cattle. We work individually to read about other examples of trait
variations and develop models to communicate how genes and environmental factors impact that trait. Finally
we share our models with small groups and hold a consensus discussion about what we figured out.

NEXT LESSON The class will revisit its Driving Question Board to evaluate and answer their questions. Students will use this time to ask any clarifying questions to refine their
understanding about their models for how living things are different from one another. Then students will demonstrate understanding on a summative
assessment transfer task involving goldfish.

BUILDING TOWARD NGSS

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

WHAT STUDENTS WILL DO

Obtain, evaluate, and communicate information about how different traits and variations are affected differently by genes and environment.

Develop and use models to show multiple causes of variation within a trait.

WHAT STUDENTS WILL FIGURE OUT

Different traits and variations are influenced differently by genes and environment.



Lesson 15 • Learning Plan Snapshot
Part Duration Summary Slide Materials

1 18 min PLANARIA REGENERATION CHECK-IN
Students make observations of their planaria pieces taking notes and drawing sketches to confirm or extend
their predictions about their development and appearance.

A-B Planaria Regeneration Check-In Sheet, Planaria
Regeneration Check-In

2 5 min DISCUSSION ABOUT PLANARIA OBSERVATIONS
Students share their observations about the planaria’s development so far in light of their current question
about the influence of genes and/or environment on trait variation.

Planaria Regeneration Check-In Sheet

3 12 min INTRODUCE AND DISCUSS SONG ANALOGY
Students and teacher make connections to the sound unit to develop an analogy that will help explain how
different phenotypes can be differently influenced by environment and genes.

C-E chart paper for recording the song analogy,
Happy Birthday Song Cards cut into pieces

4 10 min REVISE CLASSROOM CONSENSUS MODEL FOR MUSCULATURE
Students work together as a class to revise the classroom consensus model to reflect the different impacts of
genes and environment on cattle muscle phenotypes.

F-G classroom consensus model chart

End of day 1

5 7 min PLAN FOR READING AND COMMUNICATING TODAY
Students and teacher discuss the expectations for today’s work: reading and creating a model to communicate
about different impacts of genes and environment on different traits.

H-I

6 8 min READ AND MODEL INDIVIDUALLY ABOUT THE IMPACT OF GENES AND ENVIRONMENT
Students work independently to read about one of the traits we saw in the anchor, and then prepare a model
to help communicate how genes and environmental factors impact that trait.

J Examples of Influences on Trait Variation, Trait
Reading and Modeling Notes

7 5 min SMALL GROUPS MEET ABOUT THE SAME VARIATIONS
Students meet with the other students who focused on the same trait they did in order to compare notes and
practice what they will share.

K Examples of Influences on Trait Variation, Trait
Reading and Modeling Notes

8 10 min JIGSAW GROUPS TO SHARE ABOUT VARIATIONS
Students present their model and reasoning to a small group of students who researched other variations.

L Trait Reading and Modeling Notes

9 10 min CONSENSUS DISCUSSION ABOUT THE IMPACT OF GENES AND ENVIRONMENT ON TRAITS
Students participate in a Consensus Discussion to share what they learned about the impact of genes and
environment on different traits.

M Trait Reading and Modeling Notes

10 5 min PROGRESS TRACKER
Students summarize today’s learning by adding an entry to their Progress Trackers.

N

End of day 2



Lesson 15 • Materials List
per student per group per class

Planaria Regeneration Check-In
materials

plastic pipette dropper
their own labeled petri dish of spring water holding their planaria
pieces from Lesson 12
flat glass slide (chilled)
paper towel to wipe drips
hand lens and/or microscope (if available)

Lesson materials Planaria Regeneration Check-
In Sheet
Examples of Influences on Trait
Variation
Trait Reading and Modeling
Notes
science notebook

chart paper for recording the
song analogy
Happy Birthday Song Cards cut
into pieces
classroom consensus model
chart

Materials preparation (30 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.

Decide how you will make three audio (or video) recordings of the class singing “Happy Birthday,” such as on your computer or phone. Only audio is needed, not video. If video is more
convenient to record but might be distracting to students upon playback, cover your phone or computer’s camera while you record.

Cut the Happy Birthday Song Cards into ten pieces.

Day 1: Planaria Regeneration Check-In

Group size: 2 students (same partnerships as bisected the planarian in Lesson 12)

Setup:

Continued care for the planaria, as needed:
No feeding is necessary unless you plan to maintain them longer than a week before the lab. No feeding is necessary after they have been bisected.
Keep them in the dark at room temperature, loosely covered.
If you will be keeping uncut planaria longer than a week, or if you plan to maintain the planaria in your classroom after they have fully regenerated, they will need to be fed
about once a week. Place a pea-sized amount of beef liver or hard-boiled egg yolk into their container and let them eat for 30 min. to 2 hours. There is a video about
feeding the planaria at https://www.teachersopensciedfieldtest.org/muscles for reference.
After feeding, change the water and replace it with new spring water (never use tap water or distilled water). There is a video about changing the planaria water available at
https://www.teachersopensciedfieldtest.org/muscles for reference.

Connect the digital microscope to your computer (that you can project for the class).
Plug in the attached USB cord.
Open the camera app on your computer (if your computer already has another camera on it, you will need to click the “switch camera” icon to use the microscope).
The microscope’s light should go on, and its brightness can be adjusted using the dial on the cord.

https://www.teachersopensciedfieldtest.org/muscles
https://www.teachersopensciedfieldtest.org/muscles


Gather the other materials your students will need. Each partnership should have the following:
plastic pipette dropper (the tip can be cut to accommodate moving larger planaria if needed)
their labeled petri dish of spring water, holding their planaria pieces from Lesson 12
flat glass slide, frozen or refrigerated
paper towel to wipe drips
if available, a hand lens and/or classroom microscope (4x power or 10x power)

Several hours before the lab, or the day before the lab, put the slides students will use in the refrigerator or freezer to chill them. Put some spring water in the refrigerator to chill it.
Planaria can tolerate cold down to 9 degrees Celsius, and they will not move so quickly when your students are trying to observe them if they are chilly.
Just before you use the planaria in class, pour off some of the water in their storage jar and replace it with refrigerated spring water to lower the temperature.

Notes for during the lab: While students are observing their planaria, find a pair or two who are willing to share their planaria with the class. You can show them on the projector-
connected microscope to be sure everyone has had a clear view of the planaria’s development so far.

Storage: Planaria should be kept in a dark or dimly lit area at room temperature, between 21 and 23 degrees celsius.

Disposal: After students have observed the planaria in future lessons, we recommend that the planaria be:
maintained in the classroom to the end of their natural life,
donated to another classroom or science department,
adopted or taken home by students, with parental permission,
donated to a nature center or zoo, or
disposed of humanely, as a last resort.



Lesson 15 • Where We Are Going and NOT Going
Where We Are Going

This lesson is the students’ formal opportunity to revisit the planaria, although you may have had informal check-ins before now. Observations about the planaria’s regrowth will feed today’s
conversation about whether genes or environment play more of a role in their development.

Since this is the penultimate lesson of the unit, the classroom consensus model is quite complex after today’s revision. The goal of today’s revision is to help students represent the different
relative impacts of genes and environmental factors on the varying musculature of cattle. The sample model shown in this teacher guide did not have room for all the details of inheritance
patterns or the gene-protein-trait model we’ve developed along the way, but follow your students’ ideas: if they suggest a way of better linking all those models together without hindering
today’s work, see what you can do.

Where We Are NOT Going

It may be tempting to think that one can actually separate environmental and genetic influences on traits. But it is too simple to try to say that a certain percentage of a trait is influenced by
environment and a certain percentage is influenced by genetics. Rather, all traits are mutually influenced by genes and environment in an integrated way. In other words, it’s not like there are
two influences that are independent of each other. Instead, it is genes interacting with the environment that determines our traits. For example, a particular type of environment might be
necessary for a particular genetic variation to make a difference. The notion of heritability as a measure of how much genes versus environment influence a trait is therefore misleading. More
information about “environment” can be found in the FAQ document located in the handout folder. Also, do not confuse the way we approach the role of environmental factors (local
conditions such as diet) in the growth of organisms with epigenetics. Gene expression is beyond the scope of this unit and beyond the target DCIs for middle school.

When planning which trait variations to have students investigate, we avoided many common human examples previously thought to have simple Mendelian inheritance patterns. If you
choose to bring in Mendalian genetic examples using humans, there is more information about these traits traditionally used in classrooms that you may want to consider at this link:
http://udel.edu/~mcdonald/mythintro.html . There is also an entry about Mendelian genetics in the genetics FAQ document located in the handout folder.

http://udel.edu/~mcdonald/mythintro.html


18 min

LEARNING PLAN for LESSON 15
1 · PLANARIA REGENERATION CHECK-IN
MATERIALS: Planaria Regeneration Check-In, Planaria Regeneration Check-In Sheet

Navigate into checking on our planaria. Say, We ended our previous lesson wondering what influences
cattle’s muscles more: genes or environment? And could their muscles be controlled more by one factor than
another if they’re heavily muscled or typically muscled? I’m wondering about our planaria though: Could
checking in on them help us answer this question? They have identical genetic information, so when they
grow back, they should look identical. Do they? Or can we still tell them apart? Is genetics the only factor, or
are there other factors in their environment that influence how they look?

Give directions for observing planaria. Display slide A. Say, Remove your planaria from their dish by
gently sucking them into your dropper. Carefully squirt them onto your slide with a small drop of water. Use
the dropper to remove excess water. Observe your planaria and record your notes and sketches on the
Planaria Regeneration Check-In Sheet. Then, return both planaria to their dish by rinsing them off the slide
and into the dish using spring water from their dish.

Gather materials and work in partnerships to observe planaria. Distribute Planaria Regeneration
Check-In Sheet and be sure every partnership has its own dish, plastic dropper, chilled flat glass slide,
paper towel, and hand lens and/or microscope, if available. Direct students to get started with their
observations and notes. While they work, circulate the classroom and identify a few specimens you’d
like to show on the projected digital microscope during discussion.

ADDITIONAL
GUIDANCE

Depending on how fast they’re regenerating, students may see translucent head
or tail ends forming (see the tail end pictured here) on their planaria.
Pigmentation is the last feature to develop in this process.

Clean up and put away materials. Display slide B. If you’ve chosen a couple of planaria to show on the projected digital microscope, ask
those students to bring their dishes to you. Students should keep their Planaria Regeneration Check-In Sheet ready so they can refer to it
during discussion. Other materials should be put away as you direct so students are not distracted by them during the discussion.



5 min2 · DISCUSSION ABOUT PLANARIA OBSERVATIONS
MATERIALS: Planaria Regeneration Check-In Sheet

Share and discuss planaria observations. Switch to the projected microscope and as students
share their observations about the planaria, compare what they’re saying to the examples you’re
all watching on the projector. Invite students to show a silent signal (such as a thumb up/down
or hand raise) if they also observed similar characteristics in their planaria as a classmate is
describing.

Suggested prompt Sample student response

What did you observe when you compared your two planaria pieces? One is smaller (or larger) than the other.

The tail end we cut has a clear-looking head, and the head end we cut
has a clear-looking tail.

They’re the same shapes, but not the same colors exactly.

It’s hard to tell them apart! They’re pretty much the same, and they
change shape so much when they’ve moving!

We predicted they would be exactly the same because they were
produced asexually and have identical genetic material. If yours do
not look exactly the same, why do you think that is?

They might need more time to grow.

If we didn’t cut them exactly in the middle of their bodies, they might
have started with more or less on either side, so they’re not the same
size now.

There might be something about their environment that’s influencing
how they’re regenerating: the water might be different than they had
before we got them, the temperature, how dark it is for them….. I think
any of those changes could make them grow differently.

So it sounds like we’re still not sure…. We can’t tell, at least not yet, if
their genetic material or their environment is playing a larger role in
their phenotype.

Yeah, still not sure...



12 min3 · INTRODUCE AND DISCUSS SONG ANALOGY
MATERIALS: chart paper for recording the song analogy, Happy Birthday Song Cards cut into pieces

Recall learning about sound that could help us understand our question. Have chart paper ready to record analogy ideas as you present and
discuss them.

Say, I was thinking about ways we could make sure we understand this question we’re trying to figure out, about genes or environment being more
influential in a phenotype. I got to thinking about work we did in the OpenSciEd 8.2 Sound unit. Think back with me for a moment and recall the drum
we used in that unit.

Suggested prompt Sample student response

What structures did the drum have that helped it make sounds? It has the stretched white plastic on top… the head, where you hit it -
that’s what deforms and vibrates to make the sound.

How big it is or how wide it is affects the pitch (bigger drums cause
lower-pitched sounds) because it vibrates at a different frequency.

If it’s a snare drum it has those chains - snares - on the bottom that
rattle and give it that snare sound.

How could you change the shape of the drum to change the sound it
makes?

You can change the size of the drum - smaller drums have a higher
pitch and bigger drums have a lower pitch.

I play percussion in band, and I know you can tune a drum - make it
sound a little lower or higher pitch - by tightening or loosening the
head.

If it has the snares or not, it will sound different - some drums don’t
have those chains that rattle on the bottom so they have a different
sound.

Say, Okay, I hear you saying that we could change the way a drum sounds by changing its structure or shape. I want us to make a little music here in
class today, but I don’t have enough drums for everyone to play, so we’re going to use our voices as instruments. We can also change the pitch we sing
because our vocal chords change shape.

HOME LEARNING
OPPORTUNITY

If your students have not already read Supplemental Investigation 6B: How Do People Force Their Voice to Make
Different Kinds of Sounds? in the OpenSciEd Unit 8.2 Sound Waves Unit: How Can a Sound Make Something
Move? you may want to assign that now as a connection to the analogy we’re developing in this lesson.

✱ ATTENDING TO EQUITY

Depending on your student population in
your class, you might want to sing a different
version of happy birthday. For example, feliz
cumpleanos, sto lat or Stevie Wonder’s
happy birthday.



Record the class singing “Happy Birthday” three different times. Display slide C. Quickly survey the class to find out whose birthday is
coming up next. That will be the person we sing to today.

Say, We are going to sing “Happy Birthday” (or whatever version makes sense for your class) to _______ (name of student whose birthday is next).
Just sing in your normal voice, not too loud, not too soft. I am going to record us, so we can play back in a minute and listen to how we sound.

Use your computer or phone to record the class singing “Happy Birthday” one time through. Only audio is needed, not video. If video is more
convenient to record but might be distracting to students upon playback, cover your phone or computer’s camera while you record. Do not
play back the recording yet - wait to listen until you’ve recorded all three versions.

Distribute only two of the Happy Birthday Song Cards to two students who you know will be able to follow the direction to sing in a higher
pitch, but not louder.

Direct the class to sing “Happy Birthday” a second time, and record them again.

Distribute the other 8 of the Happy Birthday Song Cards to eight more students (in addition to the original two, who will continue to follow
that direction). These students will all sing in a higher pitch than they did the first time.

Record the class singing “Happy Birthday” for a third and final time.

Listen to the recordings of all three versions of the “Happy Birthday” song. Play back the three versions of “Happy Birthday” one after
another, using slide D to prompt students to compare the sound of each version of the song.

Explain how the sound of the song is like a phenotype: both can be influenced by environment and changes to their structure. Display
slide E. Record these ideas on chart paper as you work through them with the class. See example chart shown here.





Say, I told you we’d connect this sound work back to today’s question, right? So here goes. Let’s say the instruments in our class song, in this case our
voices, are like genes. You changed the structure of your vocal chords and got a different sound like a differently-shaped allele can cause a different
protein. So in this case the overall sound of our song we hear is like the phenotype we see in a living thing. When we changed a couple of voices, the
resulting sound wasn’t too different. But if enough voices were changed, we could detect a difference in the sound of the song. It’s the same way with
genetics. There can be multiple genes influencing a phenotype, and some changes to the genes make a bigger impact on the phenotype than others
do.

Suggested prompt Sample student response

So let’s say we go sing “Happy Birthday” again, but this time outside.
Would it sound different?

What if we went and sang on stage in the auditorium, would our song
sound different?

Yes, it probably would sound different in different places.

Would there be some places that would really change our sound quite
a bit? Like what if we went and sang “Happy Birthday” in a cave…
what would that sound like?

It would be all echo-ey.

The sound would bounce around more.

It would probably sound louder.

Our voices might blend differently.

How does our class singing “Happy Birthday” in a different place, or
different environment, connect to our phenotype analogy?

We know that environmental factors influence a phenotype, too.

What food, how much food, the right temperatures, how active an
animal is all influence the phenotype.

What might be a major environmental impact on a phenotype, like
how different we would sound singing in a cave?

If an animal was starving - didn’t have enough food at all.

If there was a drought and plants weren’t getting enough water.

Okay. Let’s imagine we are all singing “Happy Birthday” again, here in
our classroom, but this time we have a snare drummer playing along
with us. How will that version of the song sound - same or different -
compared to just our voices?

That would be a very different sound.

The drummer would probably be louder than all of us.

We would definitely notice a change in the sound of our song with that
drum playing along, right? And if we went outside or to the auditorium,
would that snare drum sound still overpower our voices?

Yeah, we would still sound different than with just our voices.

We would be able to hear the drum no matter where we’re singing.

Yeah, that snare drum would make a drastic difference in the sound of
our song no matter what environment we were singing in. That’s like
how, very rarely, a certain gene can sometimes have a drastic impact
on a phenotype. We know an example of that well, right?

Yes! The MSTN gene and the heavily muscled phenotype - if an
animal has that changed allele, they will have extra-big muscles.



10 min

Suggested prompt Sample student response

How much does the environment impact the development of that
heavily muscled phenotype in cattle?

The environment doesn’t matter as much because the genotype is so
“loud.”

The heavily muscled cattle can live on the same farm and eat the
same food as typical cattle, but the extra-big muscles happen
because they have that genotype.

They don’t exercise and they have those extra-big muscles anyway.

The genotype has a bigger impact than the environment.

4 · REVISE CLASSROOM CONSENSUS MODEL FOR MUSCULATURE
MATERIALS: classroom consensus model chart

Turn and talk about how we should revise our classroom consensus model. Display slide F.

Say, Now that we’ve done some figuring out about the impact of genotype and environment on the muscles of cattle, we need to revise our model to
show that. How do you think we should represent the idea of different amounts of impact from genes or environment on different places along this
continuum of variation, for these different phenotypes? Turn and talk with a neighbor about how we could show these ideas in our model.

ALTERNATE
ACTIVITY

You might want to give your students a chance to move after sitting during the band analogy discussion and
before sitting again to update the classroom consensus model. If so, you could simply direct them to stand up
while they talk with a neighbor. Or, you could have them form two straight lines facing each other and talk with
the person directly across from them. On your signal, both lines take a step right and talk again, but with the
new person across from them now (the person on one end will have to move to the other end to fill in so
everyone has a partner).

Revise the consensus model to reflect our ideas about the different impacts of genes and environment on cattle musculature. Display
slide G. As you elicit ideas from the class, look for a thumbs up/thumbs down indication of group consensus before making those changes on
the classroom consensus model chart. If the proposed changes are so drastic as to require a new version of the model, start a new chart
paper page for the updated version. See example classroom consensus model here:

Suggested prompt Sample student response

What did you or your partner propose we add or revise about our
consensus model? How will we show the different impacts of genes
and environment?

Well since the impacts are different for different phenotypes, we need
a way to divide up the model to show both sides (typical phenotype
and heavily muscled).

I hear you. How can we make sure we remember that cattle don’t just
come in those two kinds, though? We want to show the range of
variation somehow….

Let’s keep the double-sided arrow between them.

You could write “range of musculature” on that line/double arrow.



Suggested prompt Sample student response

Okay, so we’ve got our phenotypes divided up a little more now. What
next?

We have those arrows for protein and exercises and genes on there
already, but we need to show that those factors influence each side
(each phenotype) differently. So I think we need to redraw the arrows.

We need different arrows for the different sides.

Tell me more. How should we redraw the arrows? Well, we want them to be bigger if that factor has more of an impact,
and smaller for less impact.

Got it. Let’s start with the heavily muscled side. What should the arrows
look like for that phenotype?

Why do you think that?

The genotype arrow needs to be huge - it has the biggest impact.

The exercise arrow can be small - those cattle do not exercise at all to
get those extra-big muscles, and even if they did, I don’t think we’d
notice any difference in how they look.

The food arrow can be pretty small too, because it doesn’t seem to
matter exactly what they eat as long as they’re getting enough good
food and protein to not be sick. So the food arrow can be bigger than
the exercise one because we would probably notice eventually if the
animal wasn’t getting enough of those building blocks to make the
proteins. But it’s still not as big as the genotype arrow.

Okay, and for the typically muscled side? What should the arrows look
like over there?

Why do you think that?

The genotype one is probably the smallest on that side. Like the
animal needs the genotype to give directions for the typical myostatin
and then has typical muscles, and that just shows up in the typical
musculature.

Because the muscles are not extra-big, we would be able to see more
of an impact from food and exercise, so those should be the bigger
arrows.

Food can be a pretty big arrow (bigger than genotype) because the
animal needs enough building blocks to make proteins and stuff, but I
think we would see a change in the phenotype more clearly or sooner
since this animal doesn’t start out with huge muscles.

Exercise can be the biggest arrow - we know that exercise has a bigger
impact on making muscles bigger (than just eating more protein). I
don’t think these cattle work out, but I think if they did, we would be
able to see a bigger difference in their muscles from exercise than
from anything else.

Navigate to our work next time. Say, We have made good progress today on figuring out how genotype and environmental factors impact the
musculature of cattle. But what about the other traits we’ve looked at, like the flamingo colors or the size of someone’s arm span? Do you think genes
and environment play the same role in those variations as they play in cattle musculature? That’s what we’ll investigate next time.



7 min

End of day 1

5 · PLAN FOR READING AND COMMUNICATING TODAY
MATERIALS: None

Navigate into today’s work. Display slide H.

Suggested prompt Sample student response

Who can remind us what we figured out last time? I can! We updated our model because we needed to show different
influences on different phenotypes.

We had to draw bigger or smaller arrows for genotype, food, and
exercise because those each influence an animal’s muscles differently.

If they have the genotype for extra-big muscles, that will “overpower”
other environmental factors (like the drums playing loudly drowns out
the other sounds in the band).

It’s easier to see the impact of food and exercise on animals with
typical muscles.

Cool. So what’s next for today, then? We can’t just figure out muscles. There are so many other traits!

We need to investigate whether genes and environment play different
roles in other trait variations, too.

What do you predict about that? I think they will all be different, too - that’s why we have so much
variation!

Just in cattle, we had different amounts of influence depending on the
phenotype, so I agree we will see different amounts of influence for
other traits, too.

Give directions for researching and communicating today.

Say, Okay, we’ve looked at other traits before: sunflower seed length, apple color, wasp face patterns, etc.. But today you’re going to consider how
much influence genes and environmental factors have on these traits. You’ll work by yourself to read a bit and obtain information about one trait that
I assign you. I have a short article about each trait we looked at, so it will just be a couple minutes of reading. Then you’ll create a model with
different-sized arrows (like we have in our consensus model) to show the impact of those factors on your trait. You each will be responsible for sharing
your model (and explaining why you designed it that way) with a small group of other students (and they will share their models and information with
you). We will read, draw models, and share all during today’s class.

Review expectations for obtaining, evaluating, and communicating information. Display slide I.



Say, You’ve had practice obtaining information from scientific text, and evaluating sources for reliability. You also had a chance to practice
communicating with others when you created and shared your slides about organisms that reproduce asexually. Today you will be working more
independently to practice these skills. See if you can retell me about the communicating part for today’s work.

Suggested prompt Sample student response

Who will be your audience today? Ourselves, but just a small group, not the whole class.

What is your purpose for sharing the information you learn? Each of us will be talking about the variations in a different living
thing, so we want to compare and see how environmental factors and
genes impact different phenotypes.

What are the constraints for your communication today? You said you already have an article for us, so we’re not looking
around the whole internet for information.

We’re reading and drawing a model and sharing all in today’s class, so
it needs to be pretty quick.

Everyone in the group will need need time to share.

How will you communicate this information? Why have you chosen
that method?

We’re drawing models, and we should use the same convention about
the sizes of arrows showing how much influence it has.

Everyone using the same style of model will help us compare the
different traits.

We’ll also have to talk a little bit… not too long, but just enough to
explain why we made the arrows the sizes we did.



8 min

5 min

6 · READ AND MODEL INDIVIDUALLY ABOUT THE IMPACT OF GENES AND ENVIRONMENT
MATERIALS: Examples of Influences on Trait Variation, Trait Reading and Modeling Notes

Assign traits and distribute materials. Distribute Examples of Influences on Trait Variation and tell each
individual which section they are responsible for reading and modeling. Aim to have about the same
number of students working on each section (so in a class of 30 students, assign 6 students the same
section). The sections include the following:

Flamingo Coloring
Apple Coloring
Sunflower Seed Size
Arm Span Length
Wasp Face Markings

Distribute Trait Reading and Modeling Notes to everyone to guide their work. Display slide J
and direct students to work quietly and independently for 8 minutes.

7 · SMALL GROUPS MEET ABOUT THE SAME VARIATIONS
MATERIALS: Examples of Influences on Trait Variation, Trait Reading and Modeling Notes

Students meet with others who researched and modeled the same trait as they did. Direct students to circle up with the other students
who read the same section they did, and modeled the same trait. Display slide K and instruct students to compare models and practice with
other students what they will share about their trait in the next step.✱

Before students leave their same-trait groups, have them each choose a number, 1 through 5, and hold up that many fingers on one hand.
Then, direct students to rearrange themselves into new groups, with all the students of the same number together in a group. So these new
“jigsaw” groups should be mixed with one person who researched and modeled each variation. (In a class of 30 students, you would have 6
groups of 5 students per group.)

✱ SUPPORTING STUDENTS IN
ENGAGING IN OBTAINING,
EVALUATING, AND COMMUNICATING
INFORMATION

This lesson is designed as a gradual release
of responsibility in communicating scientific
information in an oral presentation. In
Lesson 12, the students worked with a small
group to develop and present information to
the class. In this lesson, students are
responsible for developing and sharing their
ideas individually. However, this greater
responsibility is scaffolded by this quick
check-in with other people who read about
the same trait, and because students are
presenting to a small group instead of the
whole class.



10 min

10 min

8 · JIGSAW GROUPS TO SHARE ABOUT VARIATIONS
MATERIALS: Trait Reading and Modeling Notes

Students share their models in mixed groups. Display slide L and direct students to take turns sharing models and listening
respectfully in their new jigsaw groups. After everyone in their group has shared, students should complete the final question on Trait

Reading and Modeling Notes.

9 · CONSENSUS DISCUSSION ABOUT THE IMPACT OF GENES AND ENVIRONMENT ON TRAITS
MATERIALS: Trait Reading and Modeling Notes

Hold a Consensus Discussion about the impact of genes and environment on different traits. Display slide M. Bring the class together with
their Trait Reading and Modeling Notes.

KEY IDEAS Purpose of this discussion: Students share their evidence about different influences on variations of traits in
order to find consensus about how genes and/or environment impact trait variation differently.

Listen for these ideas:
Different traits and/or variations within a trait are influenced differently by genes or environmental
factors, such as diet or amount of sunlight.



Suggested prompt Sample student response

What did you learn from your group discussions about the role of
genes or environmental factors on different traits?

There can be different factors influencing different traits.

Some trait variations depend more on genes, and some depend more
on the environment.

Give us some examples. What evidence do you have to support this
idea?

Flamingo coloring is based almost entirely on what they eat:
flamingos are born gray and would be white or pale pink if they didn’t
eat certain algae and shrimp - the pigment in their food turns them
bright pink or orange.

Apple coloring seems to be maybe half and half genes and
environment. Certain apples are always green if they have that
variety’s genes (like Granny Smith), so the environment doesn’t matter
so much for them. But most apples have genes that can get them to
turn red, but they need the right temperature and the right amount of
sunlight to actually get that red color to happen.

Wasp face color patterns are maybe more based on what they get fed
- that part of their environment. If they get enough food when they’re
growing into adults, their faces have a pattern that shows they are
“higher status.” If they don’t get as much food, their face pattern shows
they are lower status, like maybe not as healthy. Even the babies
raised in the same nest from the same queen’s eggs had some
differences in their face patterns, so it made me wonder if what they
ate made more of a difference than their genes.

The reading about peoples’ arm span said the length of your limbs is
influenced more by genes, but it's so many different genes they’re still
trying to figure out how most of them work. You also have to have a
healthy environment to influence limb length - people’s bodies won’t
grow as well if they’re not eating nutritious food or if they’re getting sick
all the time. Scientists know of some single genes that can cause very
rare disorders where people have shorter arms or longer arms than
usual, but those are really uncommon. In those cases, like with our
cattle, environment wouldn’t matter as much as having that gene. But
for most people, it’s genes and environment.

Sunflower seed size is mostly based on genes, too. There are several
genes involved, but farmers have been selectively breeding sunflowers
for so long that there are different varieties of plants that have
different sizes of seeds for different uses. The environment has a little
role in growing them, like they won’t grow as much if they don’t get
enough water or sunlight, but basically their size is mostly influenced
by their genes.



5 min

Suggested prompt Sample student response

So how could you summarize what all these different examples show
about the role of genes and environmental factors on trait variation?

It’s always some of both. More or less depending on the trait, but
organisms grow the way they do because of genes and environmental
factors.

ADDITIONAL
GUIDANCE

If students have asked deterministic-like questions (i.e., “Are genes my destiny?”), you could come back to them
now that students have figured out how genes and environmental factors both influence traits.

10 · PROGRESS TRACKER
MATERIALS: science notebook

Update Progress Trackers. Say, Let’s use our Progress Trackers to summarize what we figured out today.

Display slide N and give students about 3 minutes to work.

In the example two-column Progress Tracker row for this lesson, each of the columns has been completed with possible student ideas.

Question What I figured out in words/pictures

How much of trait variation in a
population is controlled by
genes or the environment?

Some trait variations, such as heavily
muscled animals, are much more
influenced by genes than
environmental factors. Other trait
variations, such as the color of a
flamingo, depend more on
environmental factors, such as what
they eat. We used bigger or smaller
arrows to show relatively how much
influence different factors have on
variations of a trait, and the sizes of the
arrows can be different depending on
the trait.



Additional Lesson 15 Teacher Guidance
SUPPORTING
STUDENTS IN
MAKING
CONNECTIONS IN
ELA

CCSS.ELA-LITERACY.SL.8.1.A
Come to discussions prepared, having read or researched material under study; explicitly draw on that
preparation by referring to evidence on the topic, text, or issue to probe and reflect on ideas under discussion.

In this lesson, students are responsible for reading about, thinking about, and sharing about the causes of
variation in a trait. When communicating this information to their peers, students are expected to refer to
evidence in the text they read to support their ideas.


