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Appendix -- Chi-Square Analysis

See simple example problem at: http://www.colby.edu/biology/BI17x/freq.html
Assume you have performed a genetic cross using FlyLab. Chi-squared analysis can be used to conduct a statistical test of your hypothesis for the ratios among the different types of offspring.
For example, based on some genetic mechanism that you are proposing, you believe that there should be a 4 to 1 ratio of wild type flies to flies with paisley eyes. Of course, the ratio won't be exactly 4 to 1; one has to allow for random error. The question is: do the results differ "significantly" from a 4 to 1 ratio? To put it differently, if the 4 to 1 ratio is true, what is the probability that you would get deviations from a 4 to 1 ratio that are as large (or larger) than the deviations that you observe in the data? Statisticians call this probability the "level of significance."
So how do calculate the level of significance? Statisticians have derived a test statistic called "chi-square" that can be used compute the level of significance. The chi-square test statistic measures the deviations of the observed values from the "expected values" that you would get if your hypothesis is true. The formula for calculating the test statistic is
x2 =  S[(Oi - Ei)2 /Ei] 
In this formula, you take observed number for each phenotype, Oi, subtract the expected number, Ei, square the difference, and divide the squared difference by the expected number. You sum the chi-squared terms for all of the phenotypes to obtain your test statistic.
So how do you get the expected numbers? The expected numbers are the values you would get if the data exactly matched your hypothesis. For example, if you are expecting a 4 to 1 ratio of wild type flies to flies with paisley eyes, then 4/5 or 80% of the flies should be wild type and 1/5 or 20% should have paisley eyes. If you multiply the total number of flies by 0.8 and 0.2, you get the expected numbers for wild type and paisley eyes, respectively. A ratio of 7:5:3:1 really means that you expect the phenotypes to be divided into proportions of 7/16, 5/16, 3/16, and 1/16 because 7+5+3+1=16. Multiplying these proportions by the total number of flies would give you the expected values.
Look closely at the formula above for the chi-squared test statistic. If your hypothesis is true, then the squared deviations between the observed and expected values will most likely be small and so will the test statistic. If your hypothesis is false, then the squared deviations between the observed and expected values will most likely be large and so will the test statistic. The larger the value of the test statistic, the smaller the probability that your hypothesis is true. In other words, large values of the test statistic lead to small values for the level of significance.
The test statistic can be compared with a theoretical probability distribution to obtain the level of significance. This probability distribution depends on the "degrees of freedom" which equals number of phenotypic groups used in the calculation minus one. Statistical tables can be used to look up the level of significance. Many software programs, such as FlyLab, calculate the level of significance for you.
If the level of significance is small, it is not likely (low probability) that the deviations from your hypothesis are due to random error alone, therefore, your hypothesis is probably wrong. At this point you would go back to the "drawing board" and work out a new ratio based on a different genetic hypothesis.
On the other hand, if the level of significance is large, there is a good chance (high probability) that the deviations from your hypothesis are simply due to random error. In other words, there is no evidence to reject your hypothesis. At this point you should congratulate yourself; your hypothesis fits the data. However, you should also continue to challenge your hypothesis by designing other crosses.
So what is a "small" level of significance? At what point do you reject your hypothesis? Scientists around the world have agreed on a cut-off value of 0.05 for the level of significance. In other words, if there is a less than a 5% chance that the deviations from your hypothesis are due to random error, then you should reject your hypothesis. Your hypothesis is inconsistent with the data. If you don't reject your hypothesis, when you go to publish your results, your colleagues will!
Numerical Example 
Assume that for a certain genetic cross you are expecting wild type flies, flies with banana wings, flies with paisley eyes, and flies with both banana wings and paisley eyes. Based on your hypothesis for the genetic characteristics of the mutations and the genotypes of the parents, you are expecting these four phenotypes to occur in a ratio of 7:5:3:1. You conduct the experiment and obtain the following number of flies: 4518 wild type, 3053 with banana wings, 1774 with paisley eyes, and 655 with both banana wings and paisley eyes. You want to know if these data agree with your hypothesis. The following table shows the calculation of the chi-square test statistic:

Phenotype
Observed
Expected

Expected

Chi-Square




Numbers

Ratio

Numbers

Term 

wild type
4518

7/16


4375

4.67

banana wing
3053

5/16


3125

1.66

paisley eyes
1774

3/16


1875

5.44

banana & 
655


1/16


625


1.44

paisley 

Total

10000

16/16

10000

13.21

The chi-square test statistic is the value in the last row and column. Since there are 4 phenotypic groups, the degrees of freedom are 

4-1=3. Looking on a table for critical values of chi-square (see example http://www.colby.edu/biology/BI17x/freq.html), we find that for a test with 3 degrees of freedom, the chi-square term must be smaller than 7.82 in order for the hypothesis to be accepted. The actual chi-square value is 13.21. which is larger than 7.82, and therefore the hypothesis should NOT be accepted. Since it is unlikely that the deviations of the observed and expected values are due to random chance alone, we should reject the hypothesis that led us to the 7:5:3:1 ratio.
