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Abstract 

 Evolution can occur via a wide variety and combination of mechanisms. Originally 

proposed by Charles Darwin in the mid 1800s, natural selection is one of the primary methods 

responsible for change in allelic frequencies within a population. For the purposes of this lab, eye 

color and sex were observed over several generations of Drosophila to see if selection was an 

observable phenomenon, and to study the principles of X-linked inheritance. However, this lab 

was also conducted to show that other factors are responsible for the change in allele frequency 

over time. The change in allele frequencies over the several generations showed that eye color 

did not follow Hardy-Weinberg Equilibrium, as the frequency was not consistent throughout all 

generations. The allele frequencies altered from one generation to the next, and there were not 

two generations that had the same frequencies. The allele frequencies for red and white eyes 

were determined for all males and females within the several generations and used to find the 

selection coefficient against white eyes. The average selection coefficient against white eyes for 

the five generations of interest was found to be 0.218.  

Introduction 

 Natural Selection is one of the primary methods responsible for evolution (Johnson and 

Lam, 2010). The purpose of this experiment was to demonstrate this theory originally proposed 

by Charles Darwin, to illustrate X-linked inheritance, and to show that factors other than natural 

selection may be the cause of the shift in allelic frequencies over time. Natural selection is the 

reproductive success of a species over time. This means that certain organisms within a species 

will be better adapted to their environment and produce more surviving offspring than others 

within their same species. Certain conditions have to be met in order for selection to occur. 

Those conditions include; selection pressure, variation, reproductive success, reproductive 



variation, variation in fitness, and heritability of traits important for survival (Johnson and Lam 

2010). The heritability of a certain trait deemed of benefit in an environment will change the 

average phenotype within a population. Natural selection, therefore, is an observable trait within 

a population (Johnson and Lam, 2010).  

 Although, there are other factors that could be responsible for the changes in allelic 

frequencies over time, and therefore be a mechanism for evolution. Other forces hypothesized to 

be responsible for evolution include; mutation, genetic drift, bottleneck effect, founder effect, 

and random events (Masel, 2011). Genetic drift is responsible for the randomization of gametes 

within a population in both the presence or absence of natural selection. Genetic drift is another 

mechanism of evolution in which allelic frequencies can change over time. However, genetic 

drift and natural selection differ in that it owes to the chance of the disappearance of certain 

genes due to death or fitness mishaps (Masel, 2011). 

 The Hardy-Weinberg principle is a way in which population geneticists study the 

mechanisms of evolution. The Hardy-Weinberg principle relies on the postulates that; after 

random mating genotypic frequencies can be expressed as a function of allelic frequencies, and 

that in the absence of forces that drive evolution (e.g. genetic drift, natural selection, etc.) the 

genotypic and allelic frequencies will remain constant over time (Waples, 2015). If the loci of 

interest assort independently and other HW assumptions are met, the frequencies of 2-locus 

gametes are simple functions of allele frequencies at the 2 loci (Waples, 2015). The functions 

that show this relationship is p2 + 2pq + q2 = 1 and p + q = 1, where p is the frequency of one 

allele and q is the frequency of the other allele. Use of this equation allows population geneticists 

to compare a population’s genetic structure over time. If the genotypic frequencies vary from 

what would be expected, then one can assume that at least one of the core postulates of the 



Hardy-Weinberg principle have been violated. Figuring out what has been violated will then lead 

researchers to determine which postulate and propose a means of evolution for the population of 

interest.  

 The combination of the principles behind Hardy-Weinberg Equilibrium and the forces 

that drive evolution are the basis for population genetics. Population genetics is the study of 

genetic variation within populations and examines the changes in the frequencies of genes and 

alleles in populations over time (“Population Genetics”, 2017). The study conducted is classified 

under population genetics, as X-linked inheritance was monitored over several generations. In 

order to do this a parent generation of Drosophila were placed into a population cage. The parent 

generation was fed, and then left to mate for a week before their bottles were swapped out with 

new food bottles. The parent generation were counted for eye color and sex. Several generations 

of Drosophila were then produced from this original population, and the same characteristics 

were recorded. The series of generations were used in order to show that natural selection is an 

observable phenomenon (e.g. eye color), X-linked inheritance, and that there are other driving 

forces for changes in allelic frequencies over time.  

Materials & Methods 

A food bottle containing 10 white-eyed females, 10 wild-type females, 10 white-eyed 

males, and 10 red-eyed males was inserted into a population cage. These flies are the P1 

generation. The population cage was made by cutting out 4 round shaped holes in the bottom of a 

clear tub that had a lid. One of these holes was initially plugged by the bottle with the contents 

aforementioned. The other three remaining holes were plugged with food bottles that were made 

of a ratio of 1:1 fly food to fly water. The population cage was left for two weeks, and after that 

period the old food bottles were replaced with new food bottles made in the same manner. The 



food bottles removed were the F1 generation and were plugged with a foam plug so that the flies 

inside could be counted. A week after the removal of the F1 bottles, these flies were 

anesthetized. To anesthetize, needles carrying CO2 gas were inserted into each bottle until 

movement of the flies inside subdued. Then the Drosophila were placed in ether traps so that 

they could be analyzed for sex and eye-color phenotype underneath a light microscope.   

Once anesthetized, the flies were viewed underneath a light microscope so that sex and 

phenotype could be recorded. The phenotype tracked was eye-color, and to record this, one 

looked for the visual presence of red or white eyes on the fly of interest. Eye color was recorded 

as red (wildtype) or white (mutant) Viewing each Drosophila one at a time required the use of 

paintbrushes or forceps with the utmost care, and a focus on being gentle. The second trait 

observed was sex. Male and female Drosophila have certain sex characteristics to help 

distinguish them from one another. Female Drosophila are typically larger than their male 

counterparts, have a long-pointed abdomen with striping, and do not have a sex comb. Male 

Drosophila are typically much smaller than females, have a darker abdomen, and present to have 

a sex comb. To determine genotypes in males, phenotypically red-eyed males were given the 

phenotype Xw+Y since eye color is a sex-linked trait. However, females have two X 

chromosomes, so they could either be homozygous dominant, homozygous recessive, or 

heterozygous. If there was a white-eyed female, the genotype had to be Xw-Xw-, because white is 

a recessive trait. If the female had red eyes than that female could either be homozygous 

dominant (Xw+Xw+) or heterozygous (Xw+Xw-).  

In the fifth week of the experiment, the old food bottles in the population cage were 

removed and new 1:1 fly water to fly food bottles were inserted. These bottles that were removed 

contained the F2 generation and were saved to be counted the following week. That following 



week the flies from the bottles previously removed were anesthetized with CO2 gas and ether, 

and their sex and phenotypes were recorded as mentioned how above. This process of swapping 

out old bottles with new food bottles and saving the old bottles to be counted a week after was 

done a series of 3 more times in order to produce 5 generations of Drosophila.  

The allele frequency for red and white eyes were calculated in both sexes for all 

generations. To find the allele frequency for red eyes in males within a generation the number of 

phenotypically red eyed males were dived by the total number of males within that generation. 

Then to find the allele frequency for white eyes in males, the allele frequency of red eyes was 

subtracted from 1. The allelic frequencies of red and white eyes in males are equal to the 

genotypic frequencies. To find the genotypic frequency in females, the number of females with 

white eyes was divided by the total number of females within that generation. Then to calculate 

allelic frequency, the square root of that value is equal to q. Then the equation 1 = p+q was used 

to solve for p (red allele frequency). To find sm the frequency of white alleles in males in the 

current generation was subtracted from the frequency of white alleles in females in the previous 

generation and divided by 1 minus the product of the frequency of white alleles in males in the 

previous generation by frequency of white alleles in females in the previous generation.  

Results 

 After several weeks of data collection from 5 offspring generation of Drosophila the 

allelic frequencies for red and white-eyed flies were computed. These values are recorded in 

Table 1 below. The F1 or G0 generation started with the allelic frequency of 0.5 for both males 

and females with red and white eyes. However, over the course of the experiment the frequencies 

varied.  

Table 1: Change in w+ (red) allele frequency over time for 5 generations of Drosophila  



 P1 F1 F2 F3 F4 F5 

Frequency 

of w+ (red) 

in females 

0.5  0.5 0.442 1.00 0.9624 0.8496 

Number of 

w+ females 

(red) 

10 48 62 837 711 173 

Frequency 

of w 

(white) in 

females 

0.5 0.5 0.5577 0.00 .0375 0.150 

Number of 

w 

females 

(white) 

10 16 28 0 1 4 

Frequency 

of w+ (red) 

in males 

0.5 0.897 0.6375 0.987 0.9314 0.767 

Number of 

w+ males 

(red) 

10 61 51 708 775 112 

Frequency 

of w 

(white) in 

males 

0.5 0.103 0.3625 .0125 0.0685 0.233 

Number of 

w+ males 

(white) 

10 7 29 9 57 34 

  

The figure below (Figure 1) is a graph showing the change in red allele frequency 

observed in males from the P1 generation to the F5 generation. The graph shows how the allelic 

frequencies are not constant as is assumed under HWE, and that no two generations had the 

exact same frequency values observed for the red eyes.  

 

 

 



Figure 1: Changes in red allele frequency in male Drosophila over time  

 

 The table below (Table 2) shows the test conducted to determine whether the generation 

observed and studied evolved in compliance with HWE assumptions. This test was conducted for 

the F1 to F5 generations. All five generations show to have extremely large X2 values, and 

therefore extremely small p values which rejects the null hypothesis.  

Table 2: Tests of Hardy-Weinberg Equilibrium for generations F1-F5 

F1    

Phenotype  Observed Expected (O-E)2/E 

Red 61 34 21.44 

White 7 34 21.44 

X2 =  42.88   

P value =  < 0.00001   

F2    

Phenotype  Observed Expected (O-E)2/E 

Red 51 71.76 6.00 



White 29 8.24 52.3 

X2 = 58.3   

P value =  < 0.00001   

F3    

Phenotype  Observed Expected (O-E)2/E 

Red 708 457.08 137.74 

White 9 259.91 242.22 

X2 = 379.96   

P value =  < 0.00001   

F4    

Phenotype  Observed Expected (O-E)2/E 

Red 775 821.184 2.597 

White 57 10.816 197.20 

X2 = 199.797   

P value =  < 0.00001   

F5    

Phenotype  Observed Expected (O-E)2/E 

Red 112 135.926 4.212 

White 34 10.074 56.82 

X2 = 61.032   

P value =  < 0.00001   

 



Table 3 shows the estimated selection coefficients from the first generation (F1) to the last 

generation (F5). The average sm from all five generations was calculated to be 0.218. A low sm 

value means that there is a higher fitness at this locus. In order to calculate sm the frequency of 

white alleles in females from the previous generation, frequency of the white allele in males in 

the current generation, and frequency of the white allele in males in the previous generation were 

used.   

Table 3: Estimates of the selection coefficient (sm) against the white (w) allele 

 F1 F2 F3 F4 F5 Average  

sm = 
𝑞𝑓−𝑞′𝑚

1 −(𝑞𝑚 −𝑞𝑓)

 0.529 0.144 0.683 -0.0685 -0.196 0.218 

 

Discussion 

Following the conduction of a chi square value test for the observed frequencies of white 

and red eyes among males and females in several generations of Drosophila, it was concluded 

that the data was not in accordance with the assumptions of Hardy-Weinberg Equilibrium. The 

number of observed phenotypes differed greatly from the number of expected if the flies were in 

HWE, and as a result all generations produced a p-value of less than 0.05. This p-value correlates 

to mean that the differences observed are extremely significant, therefore, the null hypothesis 

was rejected. The rejection of the null hypothesis also warranted the assumption that natural 

selection is occurring, hence there was not a constant frequency found throughout the many 

generations. Derivations from HWE could be due to the assumption that there is no mutation, no 

selection, random mating, and infinite population size (Waples, 2015). These reasons likely 

caused the derivations seen in the data since genetic drift and natural selection were occurring.  



Allele frequencies for red eyes and white eyes varied greatly from one generation to the 

next.  Allele frequencies changed the most rapidly at the beginning of the experiment. This 

change is the largest as we are seeing the start of variation from the expected 0.5 frequency 

found in P1. This change can be accounted for by natural selection favoring one trait (red eyes) 

over the other (white eyes), and possibly the start of genetic drift.  

The selection coefficient (sm) against the white allele was determined for five 

generations. The selection coefficient is the measure of difference in fitness, and the relative 

strength of selection acting against a genotype. The average sm was calculated to be 0.218. 

However, there was variance in sm seen amongst the generations. The difference in sm from one 

generation to the next is due to the fact that the allele for red eyes was proven to be more 

genetically “fit” than the allele for white eyes, and genetic drift. It’s expected that the sm values 

to be under 1 and favor red eyed Drosophila over white eyed Drosophila. This can be seen when 

looking at the prevalence of more red-eyed Drosophila in each generation over white-eyed 

Drosophila. Moving from one generation to the next, there is a higher incidence of white-eyed 

Drosophila, however, this could be due to a larger sampling.  

Genetic drift was very important when considering why there was such a variance in 

allelic frequencies observed within the several generations. If the data was consistent with the 

assumption from HWE, then the effects of natural selection and genetic drift would not be nearly 

as significant as they are in relation to this lab. The results of this lab show that genetic drift can 

be an observable phenomenon, and especially in the consideration of eye color within 

Drosophila. Genetic drift could be an explanation as to why there were changes in allelic 

frequencies from one generation to the next. However, there are many other errors that could 



have led to the variance in frequency such as; not counting the full generation, escape while 

anesthetizing, and in inaccurately phenotyping flies.  
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