
UNIT STORYLINE
Why are living things different from one another?

Lesson Question Phenomena or Design Problem What we do and figure out How we represent it

LESSON 1
3 days

How do organisms get all
these differences?
Anchoring Phenomenon

There are cattle (and several other animals)
that have extra-big muscles.

We observe a bull and other animals that have
extra-big muscles! We develop initial models to
explain what could be causing this phenomenon.
We also realize that there is a range of musculature
on animals, and we explore several other examples
of living things that have wide variations in some
of their features. After listing related phenomena,
we develop a Driving Question Board and ideas for
future investigations. Some cattle have extra-big
muscles that we’ve never seen before, and we don’t
know how they got that way.
We figure out:

In cattle, muscles come in a range of sizes.
There are lots of variations of
characteristics in living things.
We have a lot of questions and ideas to
pursue.

⇓ Navigation to Next Lesson: If we focus on figuring out how cattle get different-sized muscles, this might help us explain other variations we find in our world. We also already have some ideas about how muscles
are made. We were not sure what we would see when we tried to “zoom in” to the muscles of animals with extra-big muscles or typical muscles, so that will be our next step.

LESSON 2
1 day

What do muscles look like
up close?
Investigation

 
Videos and images of muscle composition.
Data from extra-big-muscled animals versus
typical muscled animals showing differences
in muscle cells.

We observe images and video animations about
what muscles look like up close and how muscles
work. Then we compare photos and data about
muscle cells from extra-big-muscled animals and
typical ones.
We figure out:

Muscles are composed of bundles of cells,
which are made up of smaller fibers
(filaments).
Muscles move by shortening (contracting)
and lengthening (relaxing) these fibers
with the help from specific proteins called
actin and myosin.
Larger muscles have more muscle cells
than typical ones, those cells are larger in
area, and they have more mass.

⇓ Navigation to Next Lesson: Since we figured out that bigger muscles have more cells, more area, and more mass, we’re wondering where that matter is coming from to make those bigger muscles. We think that
matter comes from food, but we also think exercise makes bigger muscles, so next we want to explore how diet and exercise affect muscle size.



Lesson Question Phenomena or Design Problem What we do and figure out How we represent it

LESSON 3
2 days

How do diet and exercise
affect muscle size?
Investigation

  

Data in text, images, graphs, and charts
depicting the effect of diet and exercise on
muscle growth.

Students examine data in texts, images, graphs,
and charts in order to determine the effect of diet
and exercise on muscle growth.
We figure out:

Exercise and diet play an important role in
building muscles.
During exercise, tension on the muscle
fiber leads to microtears, which are
repaired, resulting in thicker and longer
muscle fibers.
Protein is required to build and maintain
muscle.

⇓ Navigation to Next Lesson: Since we have figured out the role of diet and exercise in building muscles, we decided that we need to update our consensus model to reflect these new understandings.

LESSON 4
1 day

How do most animals get
bigger muscles?
Problematizing

A farmer talks more about the lifestyle of
extra-big muscled cattle. Videos and images
of baby cattle show that extra-big muscled
animals are born with bigger muscles.

We update our classroom consensus model to
include our recent findings about the role diet and
exercise play in making muscles. We then attempt
to apply our class model to explain how the extra-
muscled cattle would have developed their muscles,
but we are not convinced of our model’s
implications. So, we ask a farmer more about these
cattle and find out that they have calves that are
heavily muscled. We discuss how this information
impacts our model.
We figure out:

There is a range of variation of
musculature. Muscles don't come in just
two categories: big and typical.
“Environmental” factors influence the trait,
but not equally.
Exercise has a large influence on
musculature.
Diet has a small influence on musculature.
Diet and exercise can’t explain all the
variation we see in musculature. There
must be other factors.

⇓ Navigation to Next Lesson: Now that we know that heavily muscled cattle are born like that, we are wondering what else (other than diet and exercise) might be causing this difference. We think it might be related
to their families.



Lesson Question Phenomena or Design Problem What we do and figure out How we represent it

LESSON 5
1 day

Where do the babies with big
muscles come from?
Investigation

Family trees of cattle show patterns between
relatedness and musculature. Chromosomes
are seen in images of sperm and eggs.

We observe cow family photos to find patterns
between relatedness and musculature. We wonder
how muscles actually get from parents to offspring,
and we zoom in to look at the chromosomes inside
sperm and egg cells. We make connections
between the karyotype of an offspring’s muscle cell
and chromosomes in the sex cells of the parents.
We figure out:

If an individual is heavily muscled, they
must have at least one parent who is also
heavily muscled. But if an individual has a
parent that is heavily muscled, it doesn’t
guarantee they will also have super-big
muscles.
Egg and sperm do not contain the same
proteins and have half the number of
chromosomes as muscle cells.
Chromosomes are passed from parents to
offspring when the sperm and egg fuse
during fertilization.
One chromosome in each pair shown on
the karyotype comes from each parent.

⇓ Navigation to Next Lesson: We figured out phenotypes of offspring result from something parents pass on, and also saw that an offspring’s chromosomes result from parents passing them on through egg and
sperm. We wonder how chromosomes might be connected to an individual’s phenotype.

LESSON 6
2 days

What is the connection
between chromosomes and
the heavily muscled
phenotype?
Investigation

  The family trees of cattle we looked at last
time now include images of protein(s) found
in their bodies and data about their genotype,
so we can look for patterns related to the
heavily muscled phenotype.

We view a video and discuss the super-small yet
hugely complex scale of chromosomes. Then, we
reassemble the cattle family trees with added
information about each individual’s chromosomes
and myostatin proteins and the class builds a
consensus model showing the connections they
found. We read and discuss a summary of a genetic
study to find evidence of causal relationships
among allele, protein, and phenotype.
We figure out:

Specific regions of the chromosomes are
called genes, and the possible variations of a
gene are called alleles.
Animals that are heavily muscled have two
copies of the allele for a differently shaped
myostatin protein.
Scientists have used genetic modification to
figure out that the heavily muscled
phenotype is caused by an allele which
influences production of a differently shaped
myostatin protein.

⇓ Navigation to Next Lesson: We know that the differently shaped myostatin protein causes the heavily muscled phenotype, but now we want to know how its structure might influence its function: what is its
job?



Lesson Question Phenomena or Design Problem What we do and figure out How we represent it

LESSON 7
1 day

What does the myostatin
protein do?
Investigation

An article describes how functional and
nonfunctional myostatin proteins cause
differences in the amount of muscle growth.

We evaluate and critically read an article about the
function of the myostatin protein. We obtain
information and communicate during class
discussion using evidence from the text about how
the structure of myostatin affects muscle growth.
We figure out:

Myostatin is a protein that typically limits
muscle growth by sending a message
telling cells not to turn into muscle cells.
In organisms with a differently formed
myostatin protein, that stop message is
not communicated, so more cells turn into
muscle cells.

⇓ Navigation to Next Lesson: We have figured out so many parts of our anchoring phenomenon that we’re ready to put the pieces together and update our consensus model next time, and then we can decide
where we need to go after that.

LESSON 8
2 days

How did those animals get
extra-big muscles?
Putting Pieces Together

Images of cattle family trees show that all
siblings don’t look the same and offspring
don’t always look like their parents.

We update the classroom consensus model to
include students recent findings about the role
genes, alleles and the myostatin protein play in
making extra-big muscles. Then we update our
Progress Tracker with a partner and revised our
initial model individually. Looking at a cattle family,
we realize that the siblings don’t look the same. So
we discuss how this information impacts our
current model.
We 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, thereby 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.

⇓ Navigation to Next Lesson: According to our model offspring get their genetic information from their parents, and the genetic information gives directions to create the trait seen. So why don’t all babies look like
their parents if they have the same genetic information?



Lesson Question Phenomena or Design Problem What we do and figure out How we represent it

LESSON 9
2 days

Why don’t offspring always
look like their parents or their
siblings?
Investigation

Offspring don’t always look like their parents,
or their siblings - even though we know they
are sharing the same genes.

We 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. We use simple
mathematical models to help us predict the
outcome of known genetic crosses.
We figure out:

If an offspring has extra-big muscles, at
least one parent also had extra-big
muscles. But not all offspring of parents
with extra-big muscles will always have
extra-big muscles.
The proportion of offspring with different
phenotypes can be predicted depending
on the genotypes of the parents.
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.

⇓ Navigation to Next Lesson: We figure out we have the tools to choose certain organisms to reproduce in order to get offspring with the most desirable phenotypes, and we wonder if the cattle ranchers are using
this, and if so, how common are these cows?

LESSON 10
2 days

How do farmers control the
traits of their livestock?
Investigation

 

Articles and a computer simulation allow the
class to work with selective breeding of
sexually reproducing organisms to see how
populations can change over time.

We read two articles about how farmers breed
animals for desired traits, and we ran a computer
simulation where we controlled breeding in order
to create individuals with desired traits.
We figure out:

Farmers can use selective breeding to
change the frequency of traits over time in
a population of sexually reproducing
organisms.
Some mutations can have beneficial and
negative effects on an organism.
In selective breeding, people choose
which individuals with beneficial trait
variations are bred (more often) together
than individuals without those beneficial
trait variations.

The percentage of individuals with the
desired traits increases in the population over
time due to selective breeding. For example,
Danish farmers were able to decrease the
number of females requiring C-section births
from over 50% to less than 10% by selecting
to breed bulls that resulted in easy births. The
number of birds with the desired traits of red
wings and wide tails was 0% in the beginning
population, but through selective breeding
was increased to 50% of the population by
the end of the simulation.

⇓ Navigation to Next Lesson: Since we figured out that farmers can selectively breed sexually reproducing organisms for desired traits using various techniques, we’re wondering if farmers can do this for asexually
reproducing organisms. We think that asexually reproducing organisms either grow new individuals by budding or cloning themselves, but we are not sure.



Lesson Question Phenomena or Design Problem What we do and figure out How we represent it

LESSON 11
1 day

Do asexual organisms have
genetic material if they don’t
have sperm and eggs?
Investigation

An experiment shows that genetic
information can be visualized inside sexual
and asexual organsims.

We question whether asexual organisms have
genetic material if they don’t have sex cells. Then
we plan an investigation using bananas and
strawberries to break open cells and test whether
asexual organisms have genetic information. We
carry out our investigations and discuss the results
as a class.
We figure out:

There is genetic information inside asexual
organisms even though asexual organisms
dont have sperm and eggs.
Genetic information is a physical structure.
We can use tools to see it with our eyes.
The genetic information seems really long
because there are thousands of genes.

⇓ Navigation to Next Lesson: We figured out that asexual organisms still have genetic information inside. So, if they dont have sex cells, then how do they pass on their genetic information to their offspring? How
do asexual organisms reproduce?

LESSON 12
2 days

How do asexual organisms
pass on genetic information
if they don’t have sperm and
eggs?
Investigation

 

Planaria reproduce asexually by being cut in
half during an experiment.

We work in small groups to research and share
about an organism that uses asexual reproduction.
We discuss how the genetic information of
offspring from asexual reprodcution compares to
that of the parent. We observe and bisect live
planaria to see if they will, in fact, be identical after
they’ve regenerated.
We figure out:

Several different methods of asexual
reproduction all result in genetically
identical offspring.

⇓ Navigation to Next Lesson: Since we have to wait for the planaria to regenerate, we’re going to ask, “Does it always work that way?” about genetic information: Do genes always determine proteins which influence
phenotypes?
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LESSON 13
1 day

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?
Investigation

 
Data from different organisms show not all
traits are inherited in the same way, but there
are some patterns in how genetic
information works across all species.

We jigsaw several articles looking at different traits
to see if our gene-to-trait story with MSTN is the
same. After constructing a simple model and
comparing our models, we share out with the class
the patterns we observe, and we discuss whether
these traits are harmful or beneficial.
We 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...
We can add genes, plural, to our model.
Changes to the genetic information could
be beneficial or harmful.

⇓ Navigation to Next Lesson: By looking at these different examples, we have seen from their gene-to-protein stories that there are similarities and differences in how living things get their variation of traits. We
wonder how common are the variations within a trait.

LESSON 14
1 day

How common are other trait
variations?
Investigation

 

Data we collect of sunflower seed lengths
and other examples of trait variation show a
bell-shaped curve when graphed.

In this lesson, we collect data from our own class’s
arm spans, and create a graph to represent them.
We also measure the lengths of many sunflower
seeds and use digital tools to graph those. We
generate histograms and adjust the “bin” size to see
how that changes the shape of the graph. We
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.
We figure out:

Graphing the variation we can see in a
population of living things results in a
bell-shaped curve.
Most phenotypes are in the middle of the
graph, so “typical” isn’t just one phenotype
or another - it’s a range.
A few phenotypes are in the extremes of
the graphs.

⇓ Navigation to Next Lesson: We wonder what has more influence on the heavily muscled phenotype in cattle: genes or environmental factors. Is it the same amount of influence for that small amount of heavily
muscled cattle that would be on the extreme end of the graph as it is for typical cattle in the middle of the range?
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LESSON 15
2 days

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

 

Articles about trait variation in organisms
show that the variations are due to a
combination of genetic and environmental
factors.

We check on our planaria and share our
observations about their development. We develop
an analogy to help explain how different
phenotypes can be differently influenced by
environment and genes, and we revise our
classroom consensus model to reflect how different
factors influence musculature in cattle. We read
about other trait variations and develop models to
communicate how genes and environmental
factors impact those traits.
We figure out:

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

⇓ Navigation to Next Lesson: We think we’re ready to close out our DQB - we can answer our driving question now!

LESSON 16
2 days

Why are living things
different from one another?
Putting Pieces Together

All previous phenomenon

We revisit our Driving Question Board to evaluate
and answer their questions. We use this time to ask
any clarifying questions to refine our understanding
about our models for how living things are different
from one another. Then we demonstrate
understanding on a summative assessment transfer
task involving goldfish.

LESSONS  1-16
26 days total


