Teacher Preparation Notes for
Dragon Genetics L ab -- Under standing | nheritance'

In this simulation activity students mimic the processemeiosis and fertilization to investigate theerifance
of multiple genes and then use their understanding of canseph as dominant/recessive alleles, incomplete
dominance, sex-linked inheritance, and epistasis tgorgethe results of the simulation. After you have
introduced classical genetics, this activity can be aseal culminating activity and/or it can serve as m&bive
assessment to identify any areas of confusion tlg@ineeadditional clarification.

Before beginning this activitgtudents should understand the processes of meiosis @lizfien and basic
concepts of classical genetics. Recommended hands+atiescto provide needed background for this
simulation activity are:

» Mitosis, Meiosis and Fertilization, availableratp://serendip.brynmawr.edu/sci_edu/waldron/#mitosis

* Genetics, available &ttp://serendip.brynmawr.edu/sci_edu/waldron/#genetics
You may also want to include a vocabulary review asedgsson assignment. Relevant vocabulary includes:
homologous chromosomes, diploid, haploid, gamete, aligdemtype, phenotype, homozygous, heterozygous,
dominant, recessive, incomplete dominance, X-linkedssaze allele (and/or sex-linked trait), Punnett squares,
and epistasis. Student understanding of this vocabularydsheduirther reinforced during the activity.

We estimate that this activity will require two 50-mmytteriodsthe first for pages 1-4 of the Student Handout
(including the introductory review of relevant biologicaincepts, the simulation, and the completion of tha dat
charts on page 4) and the second for the picture of thedsagon and discussion of the questions on pages 5-6.

L earning Objectives:

» Students will understand how meiosis and fertilizatiGultan transmission of genes from one generation to
the next.

» Students will understand how meiosis and fertilizatiorvidieothe biological basis for Mendel's Laws of
Segregation and Independent Assortment.

» Students will understand homozygous and heterozygous afleleant and recessive alleles, incomplete
dominance, sex-linked inheritance, and epistasis.

» Students will evaluate the strengths and weaknesses sihthilation as a model for understanding
inheritance. This will improve student understanding efrtlle of models in scientific thinking.

Materials and Instructions for Preparing Popsicle Stick Chromosomes
Each Popsicle stick should be prepared to represent af pa@amologous chromosomes. Each student in your
class should have a complete set of three Popsids saépresenting:
» two pairs of homologous autosomes (represented by a Bogesicle stick and a yellow Popsicle stick)
» a pair of sex chromosomes (represented by a red Pogtsgldor the mother or a blue Popsicle stick for
the father).

You will need_one of the following sets of supplies

-- regular Popsicle sticks (3 for each student in your &rgass) and small rubber bands (1 for each student in
the class) + colored paper (1 each of green, yellow, aed, blue) and glue or rubber cement

or

-- regular Popsicle sticks (3 for each student in youektrglass) and small rubber bands (1 for each student in
the class) + green, yellow, red and blue permanent nsarker

or

-- colored Popsicle sticks (2 green, 2 yellow, 1 red, andelfor each pair of students in your largest class) and
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small rubber bands (1 for each student in the clasg)agéds paper for photocopying and glue or rubber cement
or

-- colored Popsicle sticks (2 green, 2 yellow, 1 red, anldelfor each pair of students in your largest class) and
small rubber bands (1 for each student in the clasg)erraanent marker

The instructions below describe two alternative mgshor preparing the Popsicle sticks. These instructiglhs w
produce enough Popsicle sticks for 30 students (15 dragon matitei® dragon fathers).

Method 1 Use the last four pages of these Teacher Prepahdtitas to photocopy or print a copy of each page
of genes on the appropriate color paper. For each pageed,gait out the vertical strips, each with a column
of letters representing the genes in one chromosorap;dach group of 15 vertical strips with the appropriate
label. Apply rubber cement or Elmer's glue to both sidesPopsicle stick. To prepare a Popsicle stick to
represent a pair of autosomes or a pair of X chromosoghge the strip for chromosome 1 on one side of the
popsicle stick and the strip for chromosome 2 on thergitle. (Be sure to keep the mother’s green and yellow
autosomes separate from the father's green and yelkmsanes.) To prepare a Popsicle stick to represent the
sex chromosomes for a male, glue the strip for theXlaeromosome on one side and the strip for the Y
chromosome on the other side. Use rubber bands to lonakiées that include either the three chromosomes for
the mother or the three chromosomes for the father.

Method 2 Use the appropriate color marker or Popsicle stickgrite the alleles for each gene on the Popsicle
sticks. Be sure to keep the mother’s green and yellovsantes separate from the father's green and yellow
autosomes.

To prepare the green autosome Popsicle sticks:
» for the mother, writé&V | A c on one side of each popsicle stick and waitea c on the other side
» for the father, writéV | a C on one side of each popsicle stick and waitea c on the other side.

To prepare the yellow autosome Popsicle sticks:
» for the mother, writé T R on one side of each popsicle stick and wirite on the other side.
» for the father, writd= T R on one side of each popsicle stick and witer on the other side.

For the mother’'s X/X chromosome Popsicle sticks, ademnarker or red Popsicle sticks to witeon one side
andh on the other.

For the father’'s X/Ychromosome Popsicle sticks, use blarker or blue popsicle sticks to witeon one side
andM on the other.

Use rubber bands to make bundles that include eithehitbe thromosomes for the mother or the three
chromosomes for the father.

Suggestions for Discussing Questions in Student Handout

The questions on page 1 of the Student Handout and theoahizne top of page 2 are important for ensuring
that students understand the biological meaafripe simulation they will be carrying out. The quassi also
demonstrate how meiosis and fertilization provide ibgical basis for the Punnett square.

The charts for recording the resuliisthe simulation on page 4 of the Student Handout shouleldt@/ely
straightforward to complete. We recommend that you wessetbharts to record the genotypes and phenotypes
of mom and dad and the possible genotypes and phenotypeshaity dragons before beginning the activity.
We also recommend that you check your students' chdoielibey make the picture of their baby dragon and
answer the questions on pages 5-6. One potential problgrmoaoar when students enter the skin color and
freckles phenotypic traits of the father, since thay ignore the epistatic effects of the alleles which make

the father an albino.




The first two questions on page 5 of the Student Handoutreesfuidents to use their understanding of
inheritance and Punnett squares to interpret the refuhe simulationThe alleles for the parents in this
simulation have been chosen to ensure that at leadfrait is the same in Mom, Dad and baby. In additias,
highly unlikely (for male babies) or impossible (fomigle babies) that the baby will have exactly thraesa
phenotypic traits as the same-sex parent.

Questions 3 and 4 require students to state Mendel's LaSegoégation and Independent Assortnaerat

relate them to this simulation. Your students may fifetipful to use a Punnett square to answer question 3c.
The following quotes (from Concepts of GenetBsth Edition by Klug and Cummings) give a helpful summary
of Mendel's postulates:

"Genetic factors are controlled by unit factors #ast in pairs in individual organisms."

"When two unlike unit factors responsible for a singlaracter are present in a single individual, one urtibfac

is dominant to the other, which is said to be regessi

"During the formation of gametes, the paired unit facteqsarate, or segregate, randomly so that each gamete
receives one or the other with equal likelihood."

"During gamete formation, segregating pairs of unit fachssort independently of each other."

This simulationis useful for helping students to understand inheritangemds and traits, both because the
simulation mimics the biological processes of meiasis fertilization and because the simulation allows stisde
to apply their understanding of genetics concepts to a mgskelm that is intermediate in complexity between a
Punnett square and the intricacies of the real gersdtluslogical organisms. However, like all models this
simulation does not include important features of biokgeality, e.g. crossing over during meiosis,
codominant alleles, multiple alleles for a single gg@adygenic inheritance, and sex-limited and sex-influenced
inheritance. Also, this simulation only hints at tmmplex relationships between individual genes and phgicoty
traits.

To further develop your students' more sophisticated undédnstpof the role of models in scientific thinking,

you may want to discuss the relative advantages ofaaliferent models of inheritance

» this simulation, which is useful for reinforcing understiag of the roles of meiosis and fertilization in
inheritance and concepts such as dominant and reca#isigs, incomplete dominance, and sex-linked
inheritance and also useful for introducing some of tdmapdexities of inheritance of multiple genes

* Punnett squares, which are useful for analyzing inhestafone or two genes, including identifying all the
possible combinations of alleles in offspring and #wmilting phenotypes, and making quantitative
predictions concerning the frequency of these genotypgeplamnotypes in large samples of offspring

» pedigrees, which are useful for analyzing the genetis lohanheritance of a phenotypic trait in multiple
family members.

(The uses of Punnett squares and pedigrees are demonstratedGenetics” hands-on activity (available at

http://serendip.brynmawr.edu/sci_edu/waldron/#gengfics

For question 6, you may want to have your students dramaeft square. You may want to link the discussion
of this question to the generalization that traits d@u¥-tinked recessive allelgg.g. colorblindness and
hemophilia) are generally much more common in males i females.

Question 7 illustrates some of the complexities of gemetor dominant/recessive alleles, heterozygous and
homozygous dominant individuals have the same phenotgticFor incompletely dominaratleles,
heterozygous individuals have a distinct phenotype thiatteisnediate between the two homozygous
phenotypes. An absence of freckles could be due to beingZygous for the albino allel@)(or the no freckles
allele ).

Many phenotypic traits are influenced by multiple genese €xample is epistasisthe control of skin color,
both in humans and in this simulation. If a persoroimdzygous for an allele that codes for a defectiveorers



of tyrosinase (a key enzyme to produce melanin), thempérson will be an albino and other genes that mfleie
skin color have little or no effect. (Additional infoation about human genes that influence skin color is
available athttp://ghr.nim.nih.gov/gene/TYRndghr.nim.nih.gov/genes/MC1RSkKin color also is a useful
example for discussing the effects of environmefaiabrs. Thus, the example of skin color can be used to
illustrate both gene-by-gene and gene-by-environmestaictions. Tail and neck length can also be used as an
example to illustrate the effects of environmenteddes (e.g. under-nutrition), as well as the importamtgbat

a single gene typically affects multiple phenotypic trgplsiotropy).

Additional Activities You May Want to Incorporatein this Simulation

Analysis of Class Data

You can use the table shown below to collect infoilonadn the phenotype of all the baby dragons produced by

the pairs of students in a class and then use thes®datalass discussion of questions such as:

* Is any phenotypic trait observed in all the babiethisfmother and father? If so, what is the genetic
explanation for this? (To answer this last questitugents may want to use Punnett squares to figure out
possible genotypes and phenotypes of the baby dragons.)

» Are any two of the baby dragons produced by these dragentpgrhenotypically identical? (For the
discussion of this question, you may want to calculadaitye number of possible combinations of
phenotypic characteristics (over 500), and you may warglabe the simulation results to the phenotypic
differences between human siblings.)

» Are male baby dragons more likely to lack horns, as giedli(see question 6 in the Student Handout)?

Comparison to Human Inheritance
You may want to have students identify examples oftraihumans that have the same pattern of inherit@sce
specific traits in this simulation.

Table for Collecting Class Data for All the Baby Dragons

Trait Does the baby have the listed trait? (Y= yes, N = no)

1(2|3(4|5|6| 7 8 9 10 11 12 13 14 15
Initials of dragon parents

Wings

Long neck and tail

White skin

Green skin

Fire breather

Five toes

Four toes

Lots of freckles

Some freckles

Horn on nose

Spike on tip of tail
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Genes on Green Autosome 1 for Mother

wW W W W W W W W

Genes on Green Autosome 1 for Father

wW W W W W W W W




Genes on Yellow Autosome 1 for Mother




Gene on X Chromosome 1 for Mother [red]
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Gene on X Chromosome 2 for Mother [red]

h h h h h h h h h h




Gene on X Chromosome for Father [blue]

H H H H H H H H H

Gene on Y chromosome for Father [blue]
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