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Introduction

Heredity can simply be explained as the passing of traits from a parent organism to its offspring. Some traits that are passed on can accumulate which may cause a species to change or evolve for the best interest of the species. Other traits that are passed can cause the demise of a species.  Princeton University research published in the journal Science suggests that knowledge of a species' genes -- and how certain external conditions affect the proteins encoded by those genes -- could be used to determine a predictable evolutionary pattern driven by outside factors that result in the extinction of a species.

(http://esciencenews.com/articles/2012/10/25/far.random.evolution.follows.a.predictable.genetic.pattern.princeton.researchers.find)


Gregor Mendel was the cornerstone for the field of genetics.  His research during the 1800’s led to many of the basic principles and theories of genetic heredity. Although the capabilities at that time did not compare to today’s technicological advances, Mendel’s studies involving the pea plant verified the existence of a genetic link from one generation to the next. 
The basis for the following study is to demonstrate the predicted results of crossing the P1 generation of ap (apterous or wingless) females and + (wild-type) males of the species Drosophila melanogaster. The     .  ......Heterozygous +ap, is the expected resulting genotype received as P1 generation offspring , first filial (F1) that were produced from the P1 cross, with the wild-type winged trait being dominant and the apterous wingless trait being recessive.  It is hypothesized that by crossing the F1 generation it will create an second filial (F2) generation with a 3:1 Mendelian ratio; genotype and phenotype of  three winged wild-type (++, +ap)  and one wingless apterous (apap) off spring, and there is no expected difference between the Mendelian ratio and the actual results of this study.
Methods

The species best used for this type of study are the common fruit fly; Drosophila melanogaster.  The fruit fly is a perfect species as it is small, has a very simple diet and is undemanding to care for. It also has a very short life cycle and reproduces at a rapid rate. Materials that are required for this study include:

1. Drosophila melanogaster - males and females
2. Vials and sponge plugs
3. Instant Drosophila Medium

4. FlyNap

5. White paper or cards

6. Small, soft paint brush for moving the anesthetized flies

7. Magnifying glass

The study was based on the F1 generation that was received after the initial parental crossing of male ++ (wild-type) and female apap (apterous). On October 2nd, 2012, the F1 generation was anesthetized with FlyNap, sexed, counted and separated gently with a small brush on a piece of white paper. Instant Drosophila Medium was placed in the bottom of each of the three viles that would be used for the experiment. Each vile was labeled with numbers 1 through 3 and the number and sex of the flies within. The contents of Vial #1 contained 7 apap females and 7 apap males. Vial #2 contained the duplicate of Vial #1, and Vial #3 contained 10 apap females and 10 apap males. The surplus flies were placed back in their original vial. All vials were closed with a sponge top, placed in a box and located in the dark storage room until the following week.


On October 9th, each vial of flies were again anesthetized with FlyNap and the adult flies were removed from each and disposed of in a bottle of water called “the morgue”. The F2 larvae were left unharmed in each vial to develop until the week of October 16th when they had progressed into adulthood. At this time they were anesthetized and removed from their vials to be separated by phenotype, counted and documented. 

The counted flies were disposed of in “the morgue” once a week for two weeks.  On October 23rd, the final count of the F2 generation was completed and all flies were disposed of.
Results
The P1 X  P1 wasthe cross between apterous (ap/ap) wingless females and wild type (+/+) winged males.  The offspring resulted in a 100% heterozygous winged wild type (+/ap) F1 generation. Crossing the heterozygous males and heterozygous females resulted in an F2 generation with a phenotypical ratio of 4:1; four wild type to one apterous.

The observed results started with an F1 generation of 24 females and 24 males; all winged with a genotype of + ap. The first F2 fly count produced by the F1 generation was 89 wild type and 10 apterous. The second F2 generation count produced 194 wild type and 46 apterous, with a total of 283 wild type and 56 apterous. (see appendix A Tables).
A Chi Square Analysis (Appendix A -Table 1) was used to see if there were any significant differences. The analysis used a 5% (0.05) probability value for a significant difference and 1 degree of freedom; with a table value of 3.84 (appendix A – figure 2).  The  week one Chi Square Analysis was X^2 calculated= 11.72

with a X^2 table (0.05) = 3.84. Week two observed results were X^2 calculated = 4.35 with X^2 table (0.05) = 3.84 (appendix A – Table 2). The results for week one and two combined was X^2 =13.00 calculated, with X^2 table (0.05) = 3.84 (appendix A -Table 3).



      
Conclusion

 
We expected a 3:1 Mendelian ratio of 3 winged flies to every 1 apterous (wingless) fly for the F2 generation.  We obtained an approximate 4:1 ratio of 4 winged flies to every wingless fly counted during a 2-week period.  Analyzing the weekly results with the Chi Square (see appendix A) resulted in the denial of the null hypothesis and the acceptance of an alternate hypothesis.  The first count on October 16, 2012, was the least consistent with the expected ratio. The second count on October 23 was closer.  Neither count was within the 5% margin of error (0.05), the level of error allowed for accepting the null hypothesis.


The following are possible sources of error:

· The weekly class schedule prevented the F2 count from occurring “every other day – for a maximum of 10 days” (Flagg, 1988).  The weekly count lasted 14 days, which may have allowed young F3 flies to skew the expected F2 ratio.

· Less likely is that all of the P1 female flies were not apterous parents to the F1 generation we received (ap ap genotype). 

· The sex markers were not apparent.  The flies all appeared to have dark posteriors, which is characteristic of the males. But we had a reproduction ratio of 6:1, so there had to be females (see appendix A).  Our sexing did not include eye color identification, which is a sex marker outlined by the Carolina Drosophila Manual. Either we were made aware and did not hear, or we were not informed.

· The media used to nourish the flies may have been too soft, because we had to dig the remains of some flies from the food source.  It was hard to identify the phenotypes of these flies.    

  
The alternate hypothesis is that the weekly class schedule extended the count beyond the F2 (10 day maximum) and into the F3 generation. This skewed the expected Mendelian 3:1 ratio. Data indicates that the ratio was improving with time (towards the expected ratio), and may have been accurate at the 10-day term. The loss of some phenotype identification in the media did occur also.


 

Reference: 

Flagg, Raymond O., Ph.D. (1988). Carolina Drosophila Manual.             .   .                              Published by Carolina Biological Supply Co. 

                                        Appendix A





    Raw Data

Drosophila Melanogaster Fruit Fly – F2 generation phenotype analysis.

P1 female - apterous 56f (chromosome 2)  X  P1 male - wild type
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Figure 1 – Drosophila Chromosome Map
The apterous gene locus 56 is near the centromere of chromosome 2.

F1 flies were received in one vial on October 2, 2012, with genotype + ap (all winged).

F1 male and female flies were crossed as follows to produce an expected 3:1 Mendelian ratio:

                                                    +         ap

	+  +
	+  ap

	+  ap
	ap ap


                                          +

                                         ap

Three vials were prepared with nutritional media.

14 flies were sexed and placed in vials 1 & 2 respectively (7 male and 7 female in each).

20 flies were sexed and placed in vial 3 (10 male and 10 female).

October 9th we killed the F1 generation flies in all three vials.

October 16th we counted and discarded the developed F2 flies.

October 23rd we finished counting the developed F2 flies (and possibly some F3 flies). 

We obtained an approximate 4:1 ratio of wild type (winged) to apterous (wingless) phenotypes.

The reproduction ratio was 6:1 (beginning initially with 48 F1 flies).

Table 1.  October 16, 2012, Chi Square Analysis of first F2 count.



	Phenotype
	Genotype
	Observed (O)
	Expected (E)
	   O-E
	 (O-E)^2

     
	   (O-E)^2
       E

	Wild (winged)
	+ +,  + ap
	89
	74.25
	14.75
	217.56
	2.93

	apterous (wingless recessive)
	ap ap
	10
	24.75


	-14.75
	217.56
	8.79

	
	
	Reject null hypothesis
	
	
	
	x^2 = 11.72 calculated, over 5% error

	
	
	
	
	
	
	x^2 = 3.84 table (0.05), 5% error value


Table 2.  October 23, 2012, Chi Square Analysis of second F2 count.

	Phenotype
	Genotype
	Observed (O)
	Expected (E)
	  O-E
	  (O-E)^2
	  (O-E)^2
       E

	Wild (winged)
	+ +,  + ap


	194
	180
	14
	196
	1.09

	apterous (wingless recessive)
	ap ap
	46
	60
	-14
	196
	3.27

	
	
	Rejected null hypothesis
	
	
	
	x^2 = 4.35 calculated, over 5% error

	
	
	
	
	
	
	x^2 = 3.84 table (0.05), 5% error value


Table 3. Chi Square analysis of tables 1 and 2 combined.

	Phenotype
	Genotype
	Observed (O)
	Expected (E)
	   O-E
	  (O-E)^2
	 (O-E)^2
      E

	Wild (winged)
	+ +, + ap


	283
	254.25
	28.75
	826.56
	3.25

	apterous (wingless recessive) 
	ap ap 
	56
	84.75
	-28.75
	826.56
	9.75

	
	
	Rejected null hypothesis
	
	
	
	x^2 = 13.00
calculated, over 5% error

	
	
	
	
	
	
	x^2 = 3.84
table (0.05), 5% error value.
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Figure 2 - Allowable error 








