Computer Flies #1 Name:

Learning Objectives:

Undeastand therules of Menddian genetics and apply those rules to solve problems.
-Learn to generate crossing data, and make genetic hypoteses based on data

-Learn to test a hypothesis with chi-squae test

-Learn to convat averbd hypahesis such as "red eyesis recessive to wild type (wt)"
into aquantitative hypothesis, tha is, an "expected” nunber of offspringin a chi-squae
test

-Interpret theresults of a chi-square test

-Figure out crosses needed to test the verbd hypotheses (ie red eyesisrecessive)
-Test those hypotheses with additiond crosses and chi squae tests

-Revise hypohesis and test revised hypothesis

Introduction:

Youwill beusngthecomputer program Drosophila at
http://ScienceCourseware.org/vcise/drosophila/ to learn aboutMenddian genetics.
This program alows you to uncover the Menddian basis of real Drosophila mutations
usngthemethodstha gendicists mugs use. We use these methodseven when the
organism's genome has been sequenced. Thebendit of usng a computer program is tha
you get theresults much more quickly than in real life, so you can plan alot more
crosses, and your flies never die. If you are able to successfully figure outthegendic
basis of these traits, you have mastered Menddian gendics. If not, keep trying. Youwill
need to have a stronggrasp of Menddian gendtics or you will belog as we progressto
more difficult applications like gene mapping.

Youwill first choose a mutationto learn about, and order flies from thesimulated store.
Then you will cross the mutants (the P generation) and examine the offspring (F1S)
resulting fromthis cross. If youlike, you can then generate another set of crossesto
produe F, or BC offspring. Youwill need to decidewhat crosses will be most
informative. When you have some hypohesis abouthow thetrait(s) are inheited, you
should be able to carry outa chi-squae test to see if your cross gave the expected ratios
Continuedoing crosses with these trait(s) until you are confident aboutthe modeof
inheitance.

Inlab 1, you should explore enoughtraits that you are confident tha you can interpret
data and determine (a) dominance, (b) lethdity, (c) sex linkage. Inlab 2, you should be
ableto determineif 2 lod are linked, and determine linkage distance (map distance)



Please fill in these tables before coming to lab so you can refer to them during lab.

Table 1. Complete dominance. Let'sassume tha allele A (red) isdominant to a (white).
Wha genotype and phenotypefrequendes do you expect from thefollowing crosses:

Cross Genotypefrequency Phenotypefrequency

AA Aa aa red white

AA X AA

AA x Aa

AA X aa

Aax Aa

Aax aa

aax aa

Table 2. Lethality. The Manx mutation (M) in cats causes short tails when heterozygous
(Mm) and death when homozygous(MM). Manx is consgdered adominant lethd trait,
because the heterozygote does not have the wildtype phenotype  Recessive lethd traits
are also possible, where the heterozygote (Bb) isindistinguishable from thehomozygous
wild-type genotype (BB), butindividuds homozygousfor themutation (bb) die. In

either case, if amutationkills offspring early in development, you will never see thedead
offspring. Youmug infer the presence of thelethd mutation by its effect on phenotype
frequendes.

A) What genotype and phenotypefrequendes do you expect fromthefollowing crosses
for adominant lethal mutation:

Cross Genotypefrequency Phenotypefrequency

MM Mm mm Wild type Shott tall
Mm x Mm
mm X mm

B) Wha genotype and phenotypefrequendes do you expect for arecessive lethal
mutation:

Cross Genotypefrequency Phenotypefrequency
BB Bb bb Wild type Shott tail
BB x BB
BB x Bb
Bb x Bb




Table 3. Sex linkage. Let'sassume tha blugwhite color is sex-linked onthe X, and tha
whiteisrecessive to blue (Xa). Wha genotype and phenotype frequencies do you
expect from thefollowing crosses.

Cross Genotypefrequency Phenotypefrequency

XaXa | XaXa | XaXa | XAY | XaY Blue White

XaXa * XAY Mae

Female

XaXa * XY Mae

Female

XaXa* XaY Mae

Female

XAXa* XaY Male

Female

XaXa* XAY Male

Female

XaXa* XaY Male

Female

1) If atrait is sex-linked, will reciprocal crosses always produce the same phenotype
ratios?
2) Which crosses abovesuppot your answer:

Chi Square test:

If you have several phenotypesin your offspring, and you have some hypothesis about
howthetrait isinherited, you can do achi-squae test to see if your offspringratiosare
close to wha you would expect given your hypotesis.

To doachi squaetest, figure outwha offspring ratiosyou expect, based on whether you
think the mutationis domnant or recessive (or sex linked or lethd, etc). Thisisyou null
hypohesis.

Example:

Null hypohesis (in words): Red isdominant to white.

Crosses. Y ou make an F; cross between true-breeding red and white, and get al red
offspring, so it islikely tha thered is domnant to white, and tha all Fisare
heterozygous Y ou cannotdo a chi squae test onthis generation, however, because all of
your offspring have the same phenotype. Y ou need more than onephenotype




If your null hypohesisistrue intheF, generation, you expect 3 red to 1 white offspring
(If you aren't sure why, use Punnét squaes to go throughboth F; and F, crosses).
Therefore, your "null hypothesis' in numerical termsis 3:1. Inthelab, thecomputer will
dothechi squaetest for you, if youtypein yowr numerical hypothesis. When doinga
chi squae test by hand, you will need to calculate an "Expected value' (nunmber) off
offspring of each phenotype Here's how expected nunmbers are calculated: A 3:1 ratio
equds! :" . If yousampled 10000ffspring, you expect 1000x ! = 750red offspring,
and 1000x " = 250white offspring.

Getting Started:
You can try the rest at home, or wait and do it in lab so your TA can give you tips. I
recommend reading through this handout before lab.

1) Open Firefox or Safari and go to http://ScienceCourseware.org/vcise/drosophila/
The program does not work correctly on Explorer

2) Login as Guest.
3) Now you can follow the onsreen directionsand start making crosses.

When you g« to thefirst picture of flies, notice the difference between males and females
in the shgpe and color of theanterior (butt). Thisishowyouwill distinguish males and
females when you work with real Drosophia.

To make your cross, choo% afemale with onemutation and crossit with awild type
male.

Observe the F1 offspring.

Take notes.

CrosstheF1sto make F2s

Tips:

Once you have made afew sets of crosses and you know how to use the program, you
may want to click onthe"options' tab and uncheck "Trangtions' to speed up the
Crossing process.

Take notes on the crosses you make and thar results, .

All fliesfrom the store are true breeding except theflies with lethd mutationsbthos are
heterozygous

All of the mutationsin this computer program are real Drosophila mutations The names
of themutationsare real. However the ablreviationsare notstandad. They are
capitalized to avoid telling you domnance of themutation. Also, in afew cases, the
mutation characteristics are a bit different fromred life. "+" isalways used asthe
abbreviationfor thewild-typeallele. Thisis standard in Drosophila notation.



If the program starts to act weird, log outand log back in. To log out, push the back
button on your browser until you get to thelogin screen.

Logoutand log back in when switching from oneset of crosses to the next. Otherwise,
you get too many filesin yourincubaor, and the program gets weird.

Let's make crossses:

Dominant vs Recessive:

Let@ start with the apterousmutation (unde wing size). Make some crosses to figure out
if apterousisdomnant or recessive. You'll need to figure out a strategy on your own for
figuring out theinhaitance of atrait. All of thefliesfrom "Fly's supplies’ fly store are
true breeding except those with lethd mutations

1) How can you figure out whether the mutationisdomnantor recessive? Y ou should
be able to answer thiswith asingle cross, and confirm it in the second generation.
Althoughto becertain, | would probably do afew more crosses. Describe what cross(es)
you can make to figure this out and how you reach your conclusions. It may be
helpful to look at Table 1. Punnet squares may be useful in your description. If
you're not certain, make a few crosses to see which are informative.

2) After you think you know whether thetrait is dominant or recessive, test your
hypotesis with a chi squae test.

Describeyour chi squae test and how you interpret the results of the test:
a) What isyour null hypohesis (circle ong?

Choices. apterousis dominant or apterousis recessive to wild type

b) What cross are you testing bd ow? (If you are testing the F, generation, describe both
theF; and F, crosses used to generate these offspring)

Offspring:

Phenotype Observed Num | Expected ratio

wildtype

apterous




Chi square test statistic (#):

Degrees of Freedom (df.):

Level of significance (P-value):
Does this result indicate tha you should regject your null hypohesis? Why or why not?

Based on theresults of your chi square test, do you condudethat theapterousmutationis
dominant or recessive? Why?

Lethality:
3) How can youfigure out if amutationislethd? Look at Table 2.

4) Let'slook at thearistapedia mutation (unde antennae). Make some crossesto figure
outif thistrait isdominant or recessive, and if it islethd. Explain your crosses and how
you reached your condusons

5) Use achi-squae test thenull hypahesis tha this mutationis NOT lethd:
First, state your null hypotesis, induding whether thetrait isdominant or recessive:

Describethecrossyou are testing:



Phenotype

Ob=erved Num

Expected ratio

Chi square test statistic (#):
Degrees of Freedom (df.):

Level of significance (P-value):

Does thisindicate that you should reject your null hypothesis? Why or why not?

Use a chi-squae test thenull hypothesisthat thismutation IS lethd:
First, state your null hypotesis, induding whether thetrait isdominant or recessive:

Describethecross you are testing:

Phenotype

Ob=erved Num

Expected ratio

Chi square test statistic (#):
Degrees of Freedom (df.):

Level of significance (P-value):

Does thisindicate that you should reject your null hypothesis? Why or why not?

Based on theresults of your chi square tests, do you condudetha thearistapealia

mutationis lethd? Why?

Sex Linkage:
6) How can youfindoutif amutationis sex linked? Lookat Table 3. What crosses

would tell youthat atrait is sex-linked? Why?




7) Make some crosses to see whether yellow body(unde bodycolor) is sex-linked.
Explain your crosses and how you reached your condusons

8) Use achi-squae test thenull hypahesis tha this mutation IS sex-linked.
First, state your null hypotesis, induding whether thetrait isdominant or recessive:

Describethecrossyou are testing:

Phenotype Sex Observed Num | Expected ratio

Chi square test statistic (#):

Degrees of Freedom (df.):

Level of significance (P-value):

Does thisindicate that you should reject your null hypothesis? Why or why not?

Based on theresults of your chi square tests, do you condudetha theyellow body
mutation is sex-linked? Why?

Choos any mutation:
9) Which mutation did you choo®?

Ask yourself:
- "Wha would | expect fromthis cross if the mutant is recessive?’
- "What would | expect if themutant is domnant?’



- "Wha would | expect if themutant is sex-linked?"
- "Wha would | expect if themutantislethd"

10) Do some crosses, and ask yourself whether they are incongstent with any of the
abovehypotheses. You can rule out any hypothesestha are inconsstent with your

results.
Which hypotheses have you ruled out?

11) Which hypoteses are consstent with your results?

Do some more crosses to test the remaining hypoheses tha you haven't ruled out
When you think you know the answer, test theratiosfrom some of your crosses with the
chi squae test.

12) Conduson: Isthemutation domnant, recessive, lethd, and/or sex-linked?
13) Explain howyou reached your conduson: what crossing results led you to your

condusons wha chi-squae tests did you carried out, and how did you interpret them:
A) Dominant: congstent or incongstent, explain how your crosses are congstent or not

B) Recessive: congstent or incongstent, explain how your crosses are consstent or not

C) Sex-linked: congstent or incongstent, explain how your crosses are consstent or not

D) Lethd: consstent or incongstent, explain how your crosses are consstent or not



Now choos a second mutation, and figure outits gendtic basis:

mutation:

14)Isit domnant, recessive, lethd, sex-linked?

15) Explain how you reached this conduson:



