MSP Exercise using Virtual Flylab

MENDELIAN GENETICS

"Time flies like an arrow; fruit flies like a banana"  

G. Marx from A Day at the Races

INTRODUCTION


The study of genetics is typically divided into three sub-areas, each dealing with a different aspect of the broad topic of genetics.  Molecular genetics treats the study of the nuclear material itself, the DNA sequence of base pairs and the allied molecules that aid in DNA replication, transcription, and translation.  These molecules include mRNA, tRNA, rRNA, various polymerases, etc.  The second area is population genetics.  This branch of genetics investigates the systems, mechanisms, and rules that govern evolution at the level of the population.  The oldest subdivision of genetics, and the basis for today's laboratory, is transmission genetics or, more commonly, Mendelian genetics, named for Johann "Gregor" Mendel (1822-1884), an Austrian monk who studied the patterns of inheritance using garden pea plants in the Benedictine monastery garden that he tended.


Familiarity with a fair amount of special terminology is required for this exercise.  Using your lecture notes, text, or any other sources, review the meaning of the following terms, prior to the start of the laboratory: genotype, phenotype, allele, diploid, haploid, homozygous, heterozygous, gamete, zygote, dominant, recessive, P, F1, F2.
SPECIFIC OBJECTIVES

1.
To appreciate the basis for and utility of simulations for studying biological phenomena

2.
To gain insight into the patterns of Mendelian genetics

3.
To investigate monohybrid, dihybrid, and test crosses

4.
To recognize patterns of inheritance for dominant and recessive traits, as well as for autosomal and X-linked genes

5.
To learn to work problems based on Mendelian inheritance

MATERIALS

We will be making extensive use of microcomputers and the worldwide web (WWW) in this lab to access a computer simulation of fruit fly genetics.  During the lab period we will use the Biology Department computers, as well as those in the Taylor Hall Computer Lab.  However, this simulation can be also be accessed from any personal computer with Netscape or comparable web-browser software.

PROCEDURE

PART I.  Human Genetic Diversity.


There are many human characters that are largely controlled by a simple dominance system at a single gene locus.  In this exercise we will be looking at six:  eye color, attached/unattached earlobes, hair on middle phalanx, tongue rolling ability, straight/bent little finger, and handedness.

1.
Use the genetic variability wheel, located at the end of this laboratory exercise, to determine your individual "number" which represents your phenotype and minimal genotype.  Because we are looking at phenotypes here and cannot distinguish homozygous dominant individuals (e. g. EE) from heterozygous individuals (e. g. Ee), we will need to use the symbol "_" to represent an indeterminate allele, i. e. a copy of a gene which, based on the available information, we cannot determine to be either the dominant or the recessive allele.

2.
Make a mark on the class tabulation sheet next to your number.   

3.
Is there a single most common phenotype or set of most common phenotypes for the class? 

4.
Is anyone else in the class phenotypically identical to you with regard to all six of these characters?

5.
What does that suggest about the human population with regard to genetic diversity?
PART II.  Probability


As you recall from last week's laboratory exercise, the process of meiosis produces gametes, each of which contains one copy of each parental gene.  Which allelic form of a gene ends up in a particular gamete is determined by chance.  Which gametes will eventually unite with another during fertilization to form a zygote is also determined by chance.  Thus, the genotypes of new offspring are determined not only by the genotypes of their parents, but also by the laws of probability.  An understanding of probability is, therefore, essential to the study of Mendelian genetics because of the apparent randomness governing many of the sorting processes that accompany the formation of gametes and the union of two gametes to form a new individual.  


In this portion of today's laboratory, we will examine the results of probability relating to a cross involving a single gene.  This type of cross is called a monohybrid cross.  You should work in pairs to simulate such a cross using a coin toss where 'heads' and 'tails' represent the two allelic forms of the gene.  The genotypes produced by the union of the two alleles will be represented as HH, HT or TT. 

A.  Genetic Recombination – It’s a Coin Toss!!
1.
Without actually flipping any coins, determine the expected number of each genotype (HH, HT or TT) if 40 offspring were produced.  Record these data in the table below.  

2.
Take two coins and flip them simultaneously 40 times and record the number and proportion of each genotype (HH, HT, or TT) as shown in the sample table given below.

3.
Are your observed and expected values different?  If so why?
4.
Obtain averaged class values from the instructor and enter those in the table below.

5.
Compare your results to those of the class both in terms of the observed and the expected values.  Are the observed class values closer to expectations than are your individual group values?  If so, why?  If not, why?
	  
	HH
	HT
	TT

	Expected
	
	
	

	Observed
	
	
	

	Class Average
	
	
	


B.  Genotypic vs. Phenotypic Expectations


The three possible outcomes of flipping two coins represent the possible genotypic outcomes for a cross between two heterozygous parents, i. e. where each parent has two different versions or alleles of the gene.  According to Mendel's Principle of Segregation, 50% of the gametes from each parent carry each allele (H or T in our simulation) and each gamete has a 50% chance of carrying each allele.  Flipping a single coin is, therefore, a good simulation of the production of a gamete from one of the heterozygous parents.  Flipping two coins simulates the production of a gamete by each of the parents, as well as the recombination of the genes from gamete into the resulting offspring.


In actual organisms, however, we generally see only the phenotype and not the underlying genotype, i. e. only the expression of the genetic makeup and not genes themselves.  For example, if H represented a dominant allele and T a recessive allele in our simulation, then the phenotypes corresponding to the HH and HT combinations would be indistinguishable, both would express only the H allele.  We could, ultimately, distinguish an HH individual from and HT individual, but only by an additional careful breeding experiment, called a test cross (how?).

PART III.  Fruit Fly Genetics Simulations.  

In many ways fruit flies are ideal subjects for genetic research and education.  They are small and inexpensive to maintain.  They breed and mature rapidly; a single female can produce hundreds of eggs and each egg can grow into a sexually mature adult in about two weeks.  They have only four pairs of chromosomes, and the chromosomes from their salivary gland cells can be easily visualized.  They have many characters which obey simple Mendelian genetic rules.  Finally, they are widely used, so purebred stocks are available for many mutant traits.


 In this part of the laboratory we will be running a series of experiments (or crosses) involving mating fruit flies with specific single gene mutations.  However, we will only have to wait 10 seconds instead of two weeks for the results of each breeding experiment.  Instead of breeding actual flies, we will breed virtual flies, using an excellent and versatile computer simulation called Virtual FlyLab.  The web site is included at the end of the lab and is bookmarked on the lab computers.


We will conduct the first three sections below (A, B & C) on our Biology Department computers.  Your instructor will walk you through accessing the web, accessing Virtual FlyLab, and running a simple genetics simulation.  We will then go to the Taylor Hall Academic Center, where you can work in pairs on sections D, E, F, & G.
A.  Assignment of Mutations

To make this lab even more interesting (or confusing), in each of the sections below, different groups of students will be looking at different mutations which obey the same genetic rules.  For example, in section D we will be looking at four mutations: apterous (no wings), eyeless, dumpy wings, and sepia eyes.  Each of these mutations is the expression of a recessive allele of a single gene carried on an autosomal chromosome.  Each pair of students will simulate the genetics of just one of these mutations.


The mutation list for this exercise is in the following table.  The instructor will assign you a group with your mutation assignments for sections D - G.  Enter these mutations in the table below and at the top of each section D - G below.


Section D
mutant





Section E
mutant





Section F
mutant I



 

       
 


mutant II





Section G
mutant I





 
 


mutant II




Mutation List for Virtual Flylab

	Exercise
	Group 1
	Group 2
	Group 3
	Group 4

	     D
	eyeless
	sepia eyes
	apterous
	dumpy wings

	     E
	eyeless
	sepia eyes
	apterous
	dumpy wings

	     F
	eyeless

curved wings
	sepia eyes

vestigial wings
	apterous

sepia eyes
	dumpy wings

sepia eyes

	     G
	purple eyes
	purple eyes
	purple eyes
	purple eyes


B. Accessing and Using Virtual FlyLab


First of all DON'T PANIC.  We will work through these procedures once as a group.  Fortunately this simulation is a lot easier to do than to explain in written form.

1. If necessary, turn on your computer and wait for it to boot up.  Also, turn on the monitor, if necessary.

2. Access the internet through either Netscape Navigator or Microsoft Internet Explorer.

3.   Wait for the browser home page to come up. On the laboratory computers, pull down the Bookmark or Favorites menu and select Biology Labs Online.   The website is http://biologylab.awlonline.com.  
4. 
Single click on FLYLAB button on the right.  Enter the user name and password that is on the front of the notebook.  Only one group can sign on at a time using that password.
5.
The web page titled "Introduction to Virtual FlyLab" will come up on your screen.  This page contains introductory information about how to use Virtual FlyLab.  Once you have read the introduction page, click on the words “Start Lab” at the top of the page.  This is a link to the active part of the Virtual FlyLab simulator.

6.
The applet titled “Design and Mate Flies” (DMF) will come up on your screen.  The classes of mutations are on the left side and the available mutations for each class will be listed across the top.  When you select a different class of mutation, the options will change.  Nice graphics, eh?  Notice that the mutations are divided into the following classes:



Bristles


Eye Shape

Wing Angle



Body Color

Wing Size



Antennae


Wing Shape



Eye Color


Wing Veins


Notice also that, for each row of mutations, the wild phenotype is displayed to the left and the various "mutants" are displayed to its right.  You will "design" your two starting P generation flies (1 male and 1 female) for each simulation by selecting individual mutations using the radio buttons below each row of pictures.  As you experiment with these buttons you will discover a few limitations:

a.
from each class of mutations you can assign only one mutation either to the male or to the female, but NOT to both;

b.
you can use multiple mutations in a single cross, but only if each mutation comes from a different class of mutations (e. g. you can cross a white-eyed male with a yellow-bodied female, but NOT with a purple-eyed female);

c.
if you get carried away and try to do a cross with lots of mutations, you could get so many different kinds of offspring that the computer would refuse to show them all, or even to perform the cross.


(As indicated in the Virtual FlyLab text, these limitations exist only for this computer simulation, NOT for actual fruit flies.)

7.
The instructor will steer you through the first example in section C below.  For each section you will perform the following basic series of steps:

On the DMF page:  

a1.
Click on the "wild type" button at the bottom of the page to reset all of the mutation classes to the wild type.

a2.
Click on the appropriate radio buttons for your P generation cross.

a3.
Hit the "mate flies" button at the bottom of the page to mate your parental flies.  The results of the cross will come up on a page titled "Results of Virtual Flylab Cross" (RVC).

On the RVC page:

b1.
Confirm that the phenotypes of the parent flies are, in fact, what you intended to select.

b2.
Record the phenotypes and numbers of the offspring.

b3.
Estimate and record the ratios for the offspring.
b4.
Select flies from among the parents and offspring for your next cross, using the radio buttons.

b5.
Click on the "mate flies" button at the bottom of the page to mate your chosen flies.  The results of the cross will come up on a new RVC page.

b6.
Repeat steps b1 - b5 as often as necessary to perform the required series of crosses.

b7.
When you are ready to go on to the next section, page back to the DMF page, using the "back" button at the upper left of the Netscape window.

8. If you run into difficulty, feel free to consult with the instructor.  As the web gets busy late in the afternoon (peak hours are noon to 4PM Pacific Time) two problems might arise: 1) the "turn-around" time for each cross might get longer and 2) the fly pictures might not always come through intact.  Be patient, and go ahead and use the numbers that come through; they will still be valid.

C.  Class Demonstration (Autosomal Recessive/Monohybrid Cross)

P cross:  
cross wild  x  vestigial wings (sex of flies irrelevant)



record F1 counts and estimate ratios




FEM  wild 
                     1 ​ 
MALE  wild
                    1
       



FEM  vest
                    0  
MALE  vest
                    0 
  
F1 cross:  
cross MALE F1  x  FEMALE F1


record F2 counts and estimate ratios




FEM  wild 
                    3  
MALE  wild
                    3  





FEM  vest 
                    1  
MALE  vest
                   1  

RESULTS:
1.   Are the ratios always the same for males and females?




2.   Complete a Punnett square for each of the two crosses.

D.  Autosomal Recessive/ Monohybrid Cross



mutation




P cross:  
cross wild  x  mutant (sex of flies irrelevant)



record F1 counts and estimate ratios



FEM  wild 
_______  ____
MALE  wild
_______  ____



FEM  mutant
_______  ____
MALE  mutant
_______  ____

F1 cross:  
cross MALE F1  x  FEMALE F1


record F2 counts and estimate ratios



FEM  wild 
_______  ____
MALE  wild
_______  ____



FEM  mutant 
_______  ____
MALE  mutant
_______  ____

F2 cross:  
cross MALE F2  mutant x  FEMALE F2 mutant



record F3 counts and estimate ratios



FEM  wild 
_______  ____
MALE  wild
_______  ____



FEM  mutant 
_______  ____
MALE  mutant
_______  ____

RESULTS:
1.   Are the ratios always the same for males and females?




2.   Does this mutation breed true (see F2 cross)?




3.   What is the genotype for the mutant flies?




4.   Complete a Punnett square for each of the three crosses.

E.  Autosomal Recessive/Monohybrid Test Cross


mutation




P cross:
cross wild  x  mutant (sex of flies irrelevant)



record F1 counts and estimate ratios



FEM  wild 
_______  ____
MALE  wild
_______  ____



FEM  mutant 
_______  ____
MALE  mutant
_______  ____

F1 test cross: cross F1 wild  x  P mutant



record offspring counts and estimate ratios



FEM  wild 
_______  ____
MALE  wild
_______  ____



FEM  mutant 
_______  ____
MALE  mutant
_______  ____

Results: 
1.   Are ratios always the same for males and females?



2.   What is the genotype of the F1 flies?  



3.   Complete a Punnett square for each of the two crosses. 

F.  Autosomal Recessive/Dihybrid Cross with Independent Assortment


mutation I



          mutation II




P cross:
cross wild x mutant I&II  (sex of flies irrelevant; one parent has neither mutation, the other parent has both mutations)



record F1 counts and estimate ratios



FEM  wild 
_______  ____
MALE  wild
  _______  ____



FEM  mut I 
_______  ____
MALE  mut I
  _______  ____



FEM  mut II 
_______  ____
MALE  mut II
  _______  ____



FEM  mut I&II
_______  ____
MALE  mut I&II  _______  ____

F1 cross:
cross MALE F1  x  FEMALE F1


record F2 counts and estimate ratios



FEM  wild 
_______  ____
MALE  wild
  _______  ____



FEM  mut I 
_______  ____
MALE  mut I
  _______  ____



FEM  mut II 
_______  ____
MALE  mut II
  _______  ____



FEM  mut I&II
_______  ____
MALE  mut I&II  _______  ____

Results:
1.  Are ratios always the same for males and females?

2.  Do the mutation I and II genes independently assort?  Explain your reasoning.


3.  Complete a Punnett square for each of the two crosses.

G.  Sex-Linked (X Chromosome-Linked) Recessive/Monohybrid Cross

  
mutation




Cross A: (pay attention to sex of flies)

P cross:
cross MALE mutant  x  FEMALE wild



record F1 counts and estimate ratios



FEM  wild 
_______  ____
MALE  wild
_______  ____



FEM  mutant 
_______  ____
MALE  mutant
_______  ____

F1 cross:
cross MALE F1 x FEMALE F1


record F2 counts and estimate ratios



FEM  wild 
_______  ____
MALE  wild
_______  ____



FEM  mutant 
_______  ____
MALE  mutant
_______  ____

PART IV.  GENETICS PROBLEMS.


One of the best ways to study Mendelian genetics is to work problems related to the laws of Mendelian inheritance.  The following problem set includes questions that are designed to help you understand more about Mendelian inheritance.  We will solve some of the problems as a group following some time for each student to try them for herself.  While some of these are more difficult than others, most are relatively simple and each student should make the effort to solve as many as possible for herself prior to our group solutions.  After the lab period, solve the remaining problems by yourself or in small groups.  Make sure that you are thoroughly familiar with the principles behind each problem and each solution.

1.  
There are 40 chromosomes in the somatic cells of the house mouse.

a)
How many chromosomes does a mouse receive from its father?

b) 
How many autosomes are present in a mouse gamete?

c) 
How many sex chromosomes are present in a mouse ovum?

d) 
How many autosomes are present in the somatic cells of a female?

2.
The horse has a diploid complement of 64 chromosomes; the ass has 62 chromosomes. 

a) 
Predict the number of chromosomes that will be found in the hybrid offspring produced by the mating of an ass to a horse.

b) 
Why are mules usually sterile?

3.
Short hair is due to a dominant allele L in rabbits, and long hair to its recessive allele l.  A cross between a short-haired female and a long-haired male produced a litter of one long-haired and seven short-haired bunnies.  

a) 
What are the genotypes of the parents?

b) 
What phenotypic ratio was expected in the offspring generation?

c) 
How many of the eight bunnies were expected to be long-haired?

4.
The lack of pigmentation, called albinism, in humans is the result of a recessive allele (a) while normal pigmentation is the result of the dominant allele (A).  Two normal parents have an albino child.  Determine the probability that:

a) 
the next child will be an albino;

b) 
the next two child children will be albinos;

c) 
given that these parents producing two children, one will be albino and the other normal?

5.  
Several black guinea pigs of the same genotype were mated and produced 29 black and 9 white offspring.  What would you predict the genotypes of the parents to be?

6.  
Phenylthiocarbamide (PTC) is a chemical which tastes bitter to some individuals yet is tasteless to others.  If a pair of parents are able to taste it and 2 of their 4 children cannot, is the inability to taste the chemical a dominant or recessive trait?  Show the steps you took to correctly answer this question.

7.  
A brown-eyed man whose father was brown-eyed and whose mother was blue-eyed married a blue-eyed woman whose father and mother were both brown-eyed.  The couple has a blue-eyed son.  For which of the individuals mentioned above can the genotypes be known with certainty?  What are these genotypes?  What genotypes are possible for the other individuals?

8. 
List all of the different gametes that could be produced by the following individuals:

a) 
AABBCc

b) 
AABbCc

c) 
AaBbccdd

9. Suppose that two DdEeFfGgHh individuals are mated.  What would be the predicted frequency of the ddEEFfggHh offspring?

10.
In dogs, dark coats are dominant over light coats and short hair is dominant over long hair. 

a) 
If a dark short haired (DDSS) mates with a light long hair (ddss) what will be the genotypes and phenotypes of the F1 and F2 generations.  

b) 
In what proportions would you expect them to occur?  

11. 
A man of blood group B is being sued by a woman of blood group A for paternity.  The woman's child is blood group O.

a)  
Is this man the father of this child? Explain.

b) 
If this man actually is the father of this child, give the genotypes of both parents.

c) 
If it was possible for this group B man to be the father of a type O 
child, regardless of the mother's genotype, specify the father's genotype.

d) 
If a man was blood group AB, could he be the father of a group O child?  Explain.

12. 
If a man of blood type B whose mother was blood type O marries a woman of type AB, what is the probability that their first born child will be a:

a) 
type B boy;

b) 
type O girl;

c) 
type A girl.

13.
Both Mrs. Green and Mrs. Brown had babies the same day at the Dubious University Medical Center.  Mrs. Green took home a baby girl, whom she named Gertrude.  Mrs. Brown took home a baby girl whom she named Betsy.  Mrs. Green began to suspect, however, that her baby had been accidentally switched with the Brown baby in the nursery.  Blood tests were conducted and the results are as follows: Mr. Green - type A; Mrs. Green - type B; Mr. Brown - type A; Mrs. Brown - type A; Gertrude - type O; Betsy - type B.  Had a mix-up occurred?  Explain.

14. 
The gene for color-blindness in humans is carried on the X chromosome.  The allele that causes color-blindness is recessive to the non-colorblindness or normal allele.  Is it possible for two normal parents to produce color-blind children?  

15. 
In humans, the condition for normal blood clotting dominates the condition for non-clotting or hemophilia.  The governing gene is linked to the X chromosome.  A male hemophiliac marries a woman who is a carrier for the condition.  What are the chances that if they have a male child he will be normal?
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Human Genetics Traits Chart





ee	Blue eyes				E-	Pigmented iris


ll	No Ear Lobes			L-	Ear Lobes


mm	No Hair on Middle Phalanx	M-	Hair on Middle Phalanx


rr	Unable to roll tongue		R-	Ability to Roll Tongue


bb	Straight little finger			B-	Bent Little Finger


hh	Left Handed				H-	Right Handed








