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Lesson Plan
for upper elementary:
Peas in a pod: Genetics

Overview
This series of lessons was designed to meet the needs
of gifted children for extension beyond the standard
curriculum with the greatest ease of use for the edu-
cator. The lessons may be given to the students for
individual self-guided work, or they may be taught in
TR AL a classroom or a home-school setting. This particular
o i lesson plan is primarily effective in a classroom setting.

PEAS IN A POD Assessment strategies and rubrics are included. The

) . lessons were developed by Lisa Van Gemert, M.Ed.T,,
How Mendelian genetics shapes us the Mensa Foundation’s Gifted Children Specialist.

Introduction

All children are curious about why they look the way they do. Adults frequently comment to them that they
have their “mother’s eyes” or their “father’s chin."This lesson plan will introduce children to the basics of
heredity in an approachable way. Genetics is a subject that can occupy an entire lifetime of study, and this
lesson is meant to be an introduction. If your child is interested in further exploration, please see the exten-
sion activities at the end of the lesson plan.

Learning Objectives

After completing the lessons in this unit, students will be able to:

® Understand the basics of genetics

® Create a Punnett Square

® Apply understanding of genetics basics to reality-based problems
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Introduction

Genetics is the study of how you became the way you are. Everyone inherits traits, or qualities, from their
parents, but before Gregor Mendel, no one was quite sure how that happened. Even smart scientists like
Charles Darwin had it all wrong. They thought traits were blended like paint. They believed that if a tall per-
son and a short person had a baby, the baby would be of medium height.

Then, in the 1800s, along came Gregor Mendel, a priest with an interest in
science and horticulture (the study of plants). He was very curious about how
traits were passed from one generation to another. He started experimenting
with mice, but people complained, so he switched to peas. He experimented
with peas (29,000 plants!) for seven years and used mathematical principles to
figure it all out.

That brings us to a question: when someone says two people are as alike

as peas in a pod, what does that truly mean? How alike are two peas in a pod?
Mendel found out they can be very different. He identified eight different traits that followed the pattern he
devised, although it turns out there are many more.

Image: wikimedia
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Lesson 2: Traits

Mendel determined that traits aren’t blended but are instead passed on, intact, from parent to child. He
found that everyone got two genes for each trait — one from the mom and one from the dad. Believe it or
not, at the time it was a big deal to figure this out.

He also concluded that some traits are dominant and some are recessive. Dominant traits show up even
if you also have a different gene for the same trait; the gene that doesn’t show up is the recessive one. For
example, if you have a gene for dimples in your cheeks and a gene for no dimples, you will have dimples
because dimples are a dominant trait. The way you look on the outside is called your phenotype; the way
you really are deep down in your genes is called your genotype.

One of the most amazing things Mendel discovered was how traits appeared to skip a generation. Mendel took
a tall pea plant and crossed it with a short one. He expected medium pea plants, but what he got was all tall pea
plants! Mendel then crossed these tall babies (he called them the F1 generation) and he got three tall plants and
one short plant! What'’s up with that? He used what is called a Punnett Square to show what happened.

Originally, we know one parent is tall and its genotype is TT (remember, we're talking about what you look
like in your genes, and you have two alleles, or gene options, for each trait), so we put those letters on one
side of the square. The other parent is short and its genotype is tt, so we put
Tall Parent those letters on the other side. Every baby plant gets an allele from each of
T T them. So when they have four pea babies, look what happens!

t | Tt | Tt | Lookcarefully at the square. What do each of these pea babies look like? They're
Short all tall because, in peas, tall is dominant. Are they all truly tall deep down in their

Parent t | Tt | Tt | genotype? No!They're half tall and half short, but the short doesn't show on the
outside (their phenotype).

The really amazing thing is when the F1 Generation has pea babies. We call them F2 T t
(they’re the grandbaby pea plants of the first group). Looking at this Punnett Square,
can you tell how many look tall? (Hint: the ones with a big “T" look tall). How many look Tl Tt
short? How many look tall but are really a combination?

. . . . t | Tt tt
Because three look tall, we call this a 3:1 phenotypic ratio. Whoa, hold on there! We're using

math! We'll do more of that later, but think of it this way: there are four possibilities, right? Of
the four, three look tall, and how you look is your phenotype. So, we have three tall to one short in this generation.

Can you figure out the genotypic (what it re- S What did you get? Check the “Did
ally is, not just what it looks like) ratio if we go T Tt tt you know” section on the next
in order of all tall, hybrid (mixed), all short? page to find out if you're right.

Mendel figured this same thing out with eight different traits found in peas. Not everything about you is
inherited this way (the things that are we call “Mendelian traits”), but other scientists have found out that
more than 4,000 traits are!
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Ideas to remember: Can you answer these ques-
tions with words you've learned?

| want to use the word that describes what deter-
mines the trait. | don’t want to use “gene” - | want
a different word. What word could | use?

You see a person on the street with dark, curly
hair. Are you seeing genotype or phenotype?

If | have the alleles for two different traits, but one is
showing, then the trait that is showing must be what?

If you can see me at the level that isn't what | look
like but rather is what | really am in my alleles, what is
that level called?

Your friend comes to you with information about
his parents’alleles and wants you figure out the
odds that he will inherit a particular trait. What
kind of diagram can you use to do this?

MensaForKids.org
LESSON PLANS

| have type O blood. How likely is it that my par-
ents do, too?
Can you draw out some possibilities?

Some other cool words:

® Homozygous: The same, like when you have
two of the same allele for some trait. For instance,
if you have two alleles for blue eyes, you are ho-
mozygous for that trait.

® Heterozygous: Mixed, like when you have two

Did you know?

® People used to think that eye color was a Mende-
lian trait, but it turns out it's not.

® If you have sticky earwayx, it's in your genes. You'll
feel right at home in Europe, where 90 percent of
people do. However, only 4 percent of Chinese have
sticky earwax.

® David could have explained to Goliath that his
gigantic size was a Mendelian trait. Do you think

he would have had as much success impressing
Goliath with a drawing of the Punnett Square of his
genotype as he did with the slingshot?

® Almost 100 percent of Native Americans have
type O blood.

® Lots of things we inherit aren’t all good or all bad.
For instance, people with sickle-cell anemia are
more resistant to malaria than people without it.

® Humans have 46 chromosomes, dogs have 78,
and butterflies have 380.

® Like many ground-breaking scientists, Mendel’s
work was rejected during his lifetime and was only
rediscovered in the 1930s and 1940s.

Answer to ratio question above: Did you get 1:2:17
That's correct.

BLOOD TYPES ARE WEIRD.
BOTH A AND B ARE DOIMINANT TO O,
BUT NEITHER IS DOMINANT TO THE OTHER.

IF YOU GET ONe ALLELE FORA
AND THe OTHER ONe FOR B,
YOUR BLOOD TYPE WILL B€ AB.

et

different alleles for some trait. For instance, if you have one sticky ear wax allele and one non-sticky, you are

heterozygous for that trait.

® Hybrid: This means heterozygous or mixed. In a Punnett Square, it’s written with one big letter and one

small one, like this: Tt

® Mendelian Traits: These are traits governed by only one genetic locus (fancy word for “place”) and only

two alleles. These are also called “simple traits.”

® Principle of Segregation: This says that for any trait, the pair of alleles from each parent separate and only one
of them is passed on to their child. This means that, even though your mom and dad each have two alleles for
each trait they have, they only pass on one to you — you get one from each of them. That’s fair, right?
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Lesson 3: The math of Mendel

AW »{ | love math. Especially ratios. (Get it? Ratios? | also

v love bad jokes.) | love Mendel Math because Gregor
Mendel loved ratios. He liked probability,
too, so | think you'll probably like that. Get
it? Probably?

Let me tell you about ratios first. | know
you're saying to yourself, “Horatio, what
do | care about ratios?”

Well, let me tell you, you use ratios all the time. For
instance, let’s say you buy a bag of candy and your
mom makes you share it with your brother. You
divide it fairly — say, one piece for him, two for you
— until the bag is gone. In the end, for every two
pieces of candy you have, he has one. It doesn’t mat-
ter if there were 30 pieces or 120, it’s still the same.
You now have a two-to-one ratio of your candy to
his. That takes a long time to write, so we put it like
% this: 2:1.

Ratios can be very helpful because, if your brother tattles to your mom that you didn’t divide the candy
fairly, you can just tell her you used a 2:1 ratio to do it. She will be so impressed that she won't care that you
cheated your brother. See how it works?
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Mendel used ratios to describe what happened in his experiments without using a lot of words. Instead of
saying, “There were three tall plants and one short plant in the such-and-such generation,” he just wrote “3:1
ratio tall to short” and everyone knew what he meant. So, if there were 16 plants altogether and 12 of them
were tall plants, there would be four short plants because, for every three tall ones, there would be one
short one. How simple is that? Ratios are easy, and | love easy.

If it weren't for loyalty to my fantastic name, I'd probably like probability even more than ratios. Probability is
very cool! Have you ever asked your dad if you can stay up until midnight on a school night? If so, he prob-
ably said, “Your chances are slim and none.” Well, probability tells you exactly what he means by that.

Probability is ranked on a scale of 0 to 1. One is something that is definitely going to happen — like the
probability that your mom is going to make you brush your teeth sometime this week is 1. A zero is some-
thing that is definitely not going to happen. For instance, your teacher is definitely not going to tell you
that, because you're such a great kid, she’s going to buy you a new skateboard
and let you ride it in the hall at school. The probability of that event is 0. (I
mean 0! If it’s not, will you tell me who your teacher is?)

Most things or events fall somewhere in between, so they're a fraction because
all the numbers between 0 and 1 are fractions, or pieces. So if there are four
people in your family and your dad brings home a cake and cuts it into four
pieces, the probability of your getting one of them is one out of four, or 1/4,
right? (Well, if you bribe him, your chances might change, but that’s a different thing.)

Mendel used probability to explain why things didn’t always do what he thought they would when he grew
all those peas. (By the way, do you think he made people eat all those peas? Just wondering. | like peas
almost as much as bad jokes.)

Anyway, you know already that if two pea plants that were each hybrid (heterozygous) for tall (Tt) were
cross-cultivated to grow another generation of pea plants, we'd expect three of the babies to look tall and
one to look short, right? Well, it doesn’t always work out exactly that way.

With every new baby plant, you start over with your chances. You have a 3 out of 4 chance of getting a tall
baby pea plant, but you might get three short plants in a row because every time you grow a baby pea
plant, your chances are 1 in 4 that you will end up with a short one. What happens, though, is that if you
raise a lot of pea plants, you will see that 3:1 ratio you were expecting. This is called the Law of Large Num-
bers. It makes me happy just to say that phrase: Law of Large Numbers. No, really, try it.

If you want to learn more about probability (What am | saying “if” for?), check out our other lesson plan on
that at bit.ly/problesson.
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Assessment

You will now be the geneticist!

1. Imagine that a family comes to you to help them determine if a child claiming to be their long-lost daughter
really belongs to them. In the first meeting, you notice that both parents have dimples. You test their blood, and
you find out that the mother has the recessive gene for no dimples, so although her pheno-
type (what she looks like) has dimples, her genotype was mixed, dimples/no dimples. This D D
Punnett Square shows what their children’s genotypes are likely to be:

D | DD | DD

You test the long-lost daughter’s blood and find out that her genotype is Dd.
a. Is it possible that she is their daughter? d | Dd | Dd

Let’s say you notice that they have sticky earwax, too, but she doesn't. Since sticky earwax is
dominant, that makes you suspicious.
b. Create a Punnett Square as if the parents are both heterozygous (mixed) for sticky
earwax. Label the earwax gene“E!”
c. How likely is it that they would have a child without sticky earwax?

2. If  get a box of 100 pieces of candy, and | share it with my sister at a 3:1 ratio. (Of course the 3 is me! It's
my candy!) How many pieces will my sister receive?

3. Can you design a scenario similar to the one in question 1 in which the girl can be proved not to be the
couple’s daughter? Use the space below.

4. What do you think is the most important thing about Mendel’s discovery?

5. Remember that blood type is co-dominant, meaning that if you have one allele
for A and one for B, you will be AB. Neither is dominant to the other. With that in
mind, create the Punnett Square for a couple whose blood types are both AB.
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Assessment key

1. a.lIsit possible she is their daughter? Yes E e
b. The Punnett Square should look like the one at right:
c. Theoretically, 1 in 4 of their children would not have sticky earwax. E | EE | Ee
2.25 e | Ee | ee

3. Answers will vary, as there are many possibilities. The answer must
have the idea that the girl's genotype is not one of those appearing on
the Punnett Square of the parents’ genotypes.

4. Answers will vary. Al B

5.The Punnett Square should look like this: A | AA | AB

Answers from “ideas to remember:”

| want to use the word that describes what determines the trait. | don't want to use “gene” - | want a differ-
ent word. What word could | use? Allele

You see a person on the street with dark, curly hair. Are you seeing genotype or phenotype? Phenotype

If I have the alleles for two different traits, but one is showing, then the trait that is showing must be what?
Dominant

If you can see me at the level that isn't what | look like but rather is what | really am in my alleles, what is that
level called? Genotype

Your friend comes to you with information about his parents’alleles and wants you figure out the odds that
he will inherit a particular trait. What kind of diagram can you use to do this? Punnett Square

I have Type O blood. How likely is it that my parents do, too? Both of your parents must at least carry
the genotype for Type O blood on one allele because Type O blood is recessive. Here are two Punnett

Square possibilities:
9 P A o B o
A | AA| Ao o | Bo | oo
o | Ao | oo o | Bo | oo
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Extension

Watch the movie Lorenzo’s Oil about a boy with a rare genetic disease.

With what you know about blood typing, try your hand at playing this game:
nobelprize.org/educational/medicine/landsteiner

Read a book on genetics:

® National Geographic investigates: Genetics from DNA to Designer Dogs by Kathleen Simpson

® Genetics (What's the Big Idea?) by Martin Brookes

Watch Intro to Heredity (bit.ly/intro-heredity) or Punnett Square Fun (bit.ly/punnettfun).

Explore the Human Genome Project website at genome.gov. Find free downloads at genome.gov/19519278.

Find more genetics activities at migrc.org/TeachersAndStudents.

See how many questions on this crossword you can answer with what you learned: bit.ly/gene-crossword.
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