Teacher Preparation Notesfor Genetics
by Dr. Ingrid Waldron and Dr. Jennifer Doherty, Bejment of Biology, University of Pennsylvania, 201

Equipment and Supplies:

Pennies (1 per student)

Sockosomes (1 per student -- optional)

Calculator for converting fractions to percentsti@mal)

Teaching Points:

* The behavior of chromosomes during meiosis andization provides the
basis for understanding the inheritance of genes.

* Meaning of terms, including allele, heterozygousnbzygous, dominant, recessive,
genotype, phenotype

* How to use Punnett squares to make predictionstajemotypes and phenotypes

* Inlarge samples of offspring, observed frequencfagenotypes and phenotypes will
usually be close to predictions based on Punnatreg, but for small samples there may
be substantial deviations from predicted due tacaaariation.

* Independence of successive fertilization events

* Genetics of sex determination

* How to carry out basic pedigree analysis and imétnpedigrees

» Adaptive advantage for sickle-cell heterozygousviddals where malaria is prevalent

Suggestionsfor | mplementation:

Ideally, this hands-on activity should immediat&itow the Mitosis, Meiosis, and Fertilization
hands-on activity, and students can use the sookesérom that activity for the review of
relevant material on p. 1 of the student protocol.

For the coin toss activity, some teachers prefemigethe students shake checkers in a paper cup
(may be quieter, result in more random tossing,tager return rate than coins). Also, you

may want to prepare a table that compiles the owsoof the coin tosses for the entire class,
which should provide a close approximation to thedcted percents (which is not always
observed in the 16 coin tosses made by each psiudénts). Discussion of random variation

will help your students to reconcile the precisedmctions of Punnett squares in their classroom
learning with their experience of variation in catees in real world families.

For the genetics of sex determination part of dleisvity, we post a chart on the board with
columns for number of males and total number dficln, so students can enter the data for
their family or group in order to compile the dateded to answer questions 5-6 on page 6. If
your class is sex-biased, you will probably wantiadify the instructions to prevent biased
results due to whatever factors have resultedoreponderance of males or females in your
class. Specifically, the students should exclheéeiselves from the analysis for questions 5-6
on page 6 and just count all of their siblings (atep-siblings), each of whom represents an
independent fertilization event and thus shouldh&fected by whatever bias has affected
enrollment in your class.

If you do not have enough class time to compldtthalactivities, you can use page 1 through
the top of page 5 as an introduction to the fikgt feaching points above. Each of the
subsequent sections can be used independentlyled &d the introductory sections, according
to your teaching needs.

! These teacher preparation notes and the relatddrdthandout are available at
http://serendip.brynmawr.edu/sci_edu/waldron/




Statistical I nformation for Inter preting Results

For the Coin Genetics activity, one of the teactpomts is that the results for larger samples
usually are close to the predicted distributionzantrast to results for small samples, which
often deviate substantially from the predictionshef Punnett Square. This does not mean that
results from larger samples are more likely to sleaactly the predicted distribution, but only
that result from larger samples are more likelpeaclose to the predicted distribution. For
example, for many repetitions of 4 pairs of coisstes, 18.75% would be expected to show
exactly the predicted 1:2:1 ratio for AA, Aa, aanggypes. In contrast, for many repetitions of
16 pairs of coin tosses, 5.37% would be expectathdov this exact predicted ratio, but 23.51%
would be expected to be within 10% of the expetteguencies for each genotype (see table
below). The most striking change with increasiample size is the decrease in the frequency of
extreme deviations from predicted. For exampknding of all Aa would be expected in 6.25%
of repetitions of 4 pairs of coin tosses, but dhlymes in 100,000 repetitions of 16 pairs of coin
tosses.

Observed Distribution in the Coin Genetics Activity | Probability of this Distribution for:
AA Aa aa 4 coin tosses 16 coin tosses
25% 50% 25% 1875 .0537
15-35% 40-60% 15-35% 1875 .2351
100% .0625 .00002
100% .0039 .00000

(Calculated using the multinomial calculator avialéaat
http://stattrek.com/Tables/Multinomial.aspx)

For the Genetics of Sex Determination activity, filowing table shows the expected ranges of
results for different sample sizes. Even withtreddy large samples, rather substantial variation
from one class to the next will be relatively commo

Number of Children | If data were collected for a large number of classes,
For All theMothers | 68% of resultsexpected | 95% of results expected
in aClass to bein thisrange: to bein thisrange:

20 39%-61% males 28%-72% males

40 42%-58% males 34%-66% males

60 43.5%-56.5% males 37%-63% males

80 44.4%-55.6% males 39%-61% males

(Calculated based on normal approximation to bimbufistribution)

It should be mentioned that these ranges have daeulated based on several simplifications.
Specifically, we have not taken into account thet that slightly more males than females are
born (51% males in US, slightly lower for Africanvfericans and slightly higher for Asian-
Americans). Also, there appears to be some bicédgendency for some couples to produce
more female or more male offspring; this would @ase expected variation in results. As
discussed in Suggestions for Implementation, if lyaue a preponderance of males or females in
your class, you should use only the siblings and tma students in your class in order to avoid
biased results.

Background Biology:
As shown in the first pedigree, the allele for miBinis recessive, since two unaffected parents
have an affected offspring. (This pedigree alsticates that the allele for albinism is autosomal




recessive and not X-linked recessive, since thectdtl daughter, E, presumably inherited one
allele for albinism from her unaffected father, Bhje allele for albinism is recessive because it
codes for a defective enzyme for producing melanhile the normal allele codes for the
functioning enzyme; even when there is only oneyafithe normal allele there is enough of
this functioning enzyme to produce enough melamipréevent albinism. Recessive alleles often
code for a non-functional protein, while dominalielas often code for a functional protein.

In the most common form of albinism, the lack af igment melanin affects not only skin and
hair color, but also the appearance and functicgh@gyes. Further information about the
various forms of albinism, as well as additiondbmimation concerning many of the conditions
discussed below and a great deal of informationtber aspects of human genetics, is available
from OMIM, Online Mendelian Inheritance in M@www.ncbi.nlm.nih.gov/omin)/

Students may ask questions concerning the distimtietween inherited albinism and vitiligo
Albinism is the inability of the body's cells togqauce melanin and affects the whole body.
Vitiligo is a patterned loss of melanin pigmentuléisg from the destruction of melanocytes; the
hypopigmented areas appear on the skin of a pergbmormal pigmentation. (Additional
information from the National Vitiligo Foundations available at www.nvfi.org.)

Students often ask questions concerning the vagexsietermination anomalies. Kleinfelter
and_Turner Syndromese two of the sex chromosome anomalies whicliaseribed in many
biology textbooks. In addition, there are seveyaldromes that result from defective hormone
receptors or defective enzymes to produce hormones.

Androgen Insensitivity Syndromesults from lack of functional molecular recepttor
testosterone and dihydrotestosterone, so theseolnesthave no effect on the body.
Consequently, a 46XY fetus develops female extegeaitalia. These individuals are raised and
live as females, but they are infertile due tolttok of ovaries and a uterus. This syndrome is
typically detected when a teenage female fails@ostruate.

Congenital Adrenal Hyperplas(also called Adrenogenital Syndrome) develops wdren
enzyme needed to produce cortisol is defectiveissinyg, resulting in abnormal hormonal
feedback which leads to excessive production of@gehs by the adrenal cortex. The elevated
androgen levels in a 46XX fetus result in varyimgekes of masculinization of the external
genitalia. As a result, the baby's sex may appeduiguous or even be mistaken for male.

Sickle cell hemoglobirs less soluble in the watery cytosol of the rkbt cells than normal
hemoglobin, particularly when oxygen concentratiareslow. Thus, sickle cell hemoglobin
tends to form long stacks or rods of hemoglobinauoles, and this results in the sickled shape
of red blood cells. The sickled red blood cellsdt¢o clog the capillaries, blocking the
circulation in different parts of the body. Algbe sickled red blood cells do not survive as long
as normal red blood cells, contributing to a termydn anemia. Resulting symptoms include
pain, physical weakness, impaired mental functignamd damage to organs such as the heart
and kidneys.

For the challenge question, when two affected garesve a normal child, this indicates that the
allele for this particular condition is dominar{his allele must be autosomal dominant and not
X-linked dominant, since an affected father (A) hasunaffected daughter.) The allele for
achondroplasi#s considered dominant because an individual stieeterozygous for this allele
and the normal allele has the dwarf phenotype. @@ it is of interest that, while
heterozygous individuals have an increased riskfaht death (estimated at about 7%), the
homozygous condition is lethal (due to difficultsebthing as a result of a small rib cage and



brain problems resulting from abnormalities of shell). The specific mutation responsible for
achondroplasia results in a protein that is overadh inhibiting bone growth.

Achondroplasia provides the opportunity to disaduwss additional interesting points.
Achondroplasia is an example of a condition causedn allele which is dominant, but rare in
the population; 99.99% of the population is homamygyfor the normal recessive allele for this
gene. Also, achondroplasia is a good examplecohdition which is genetic, but generally not
hereditary; in more than 80% of cases neither pdrasthe allele for achondroplasia and the
child has achondroplasia due to a new mutationlwvbecurred during production of the sperm.

Additional Possible Activities

Helpful activities for learning more genetics indéu

-- Two versions of Dragon Genetics, available at
http://serendip.brynmawr.edu/sci/waldron/

-- Genetics Practice Problems available at
http://biology.clc.uc.edu/courses/bio105/geneprimh.h

-- Learning Mendelian Genetics through a SimplenCass Game at
http://www.wsu.edu/~omoto/papers/cointoss.html

-- Learning Genetics with Paper Pets, availablenfro
Science Scopéarch, 2006, pp. 18-23 or
http://www.nsta.org/main/news/stories/science sqipEnews story 1D=51647

We also have had good success with the follov@egetics Web Search Activity.

Work in pairs to find out more about one of thddwling topics:

-- Turner syndrome, Kleinfelter syndrome, or anotex chromosome disorder
-- androgen insensitivity syndrome or another sg&rcondition

-- hemophilia or another X-linked recessive disorde

-- blood type

-- another genetic disease or trait.

Use reliable sources to answer questions such as:

-- What is the genetic basis and mode of inhergdnc this condition?

-- What are the molecular, cellular, physiologiaatl anatomical effects?

The specific information available will vary, bug lBure to include fundamental biological
information in your report. After 30 minutes, yand your partner will split up to report your
findings to students who have investigated othedimns.

Suggested sources include:

-- National Human Genome Research Institute, SigeGénetic Disorders
(http://www.genome.gov/100012p4

-- MEDLINEplus Health Topics, including Genetics/Bi Defects
(www.nlm.nih.gov/medlineplus/healthtopics.hjml

-- Learn.Genetics, Understanding Genetic Disorders
(http://learn.genetics.utah.edu/units/disordershnefen)

-- Your Genes, Your Healthnttp://www.ygyh.org)y

-- Mayo Clinic Diseases and Conditiongww.mayoclinic.con

-- OMIM (Online Mendelian Inheritance in Manww.ncbi.nlm.nih.gov/omin)/

-- MEDLINE, PubMed, Medscape or ISI Web of Science

-- textbooks




