Chi-Square Analysis (Student Edition)
The "Chi-Square Test" (χ2 Test) is a statistical tool that can be used to evaluate genetic crosses. Basically, the test is used to help determine whether the outcome of a probability-based event, like a genetic cross, is "statistically acceptable", or whether something other than chance has potentially affected the expected outcome.

For example, let's say that you're crossing two heterozygous tall pea plants [Tt x Tt]. "Tall" is dominant to "short". You get 100 baby pea plants from the cross. Because of the predicted 3:1 ratio, you would expect 75 to show the tall trait and 25 to show the short trait. Your actual results are 72 tall and 28 short. A χ2 Test would help you determine if these results would be "acceptable".

There are two considerations that need to be made when analyzing χ2 results. First is what is known as  the "degrees of freedom". This value is one less than the number of possible outcomes for the event (n-1). For example, when flipping a coin, the "DOF" would be 1, because there are two possible outcomes: Heads or Tails. What would be the DOF when rolling a 6-sided die?

Secondly, you must determine how "confident" you wish to be with the χ2 analysis. This is known as the "p-value". In Biology, the most widely accepted p-value is 0.05, so that is what you will see in the following table. 0.05 is sort of like saying that you'll be 95% confident that the difference between what you got (observed) and what you expected to get was due only to chance.
Questions for Problem 1
1. A Chi-Square test tells you whether or not the results of a genetic cross are correct. TRUE / FALSE

2. Chi-Square is a statistical tool that can help you analyze the results of a genetic cross. TRUE/FALSE

3. You cross a tall pea plant with a short pea plant and get 138 baby pea plants, all of which are tall. Most likely, the "parents" of these 138 babies were:

A. TT and Tt     B. Tt and Tt     C. TT and tt     D. Tt and tt

4. You cross two heterozygous tall pea plants and get 80 baby pea plants. Which of the following is closest to the number of short pea plants you would expect from these 80 babies?

A. 21     B. 62     C. 44     D. 0

Problem 2

Let's say that you flip a coin 100 times and you end up flipping 48 "heads" and 52 "tails". Go to the spreadsheet on the next page and enter these data, along with the number of heads and tails that you would have expected to get from your 100 flips. After entering the data in the spreadsheet, move to the next page.

Now do a χ2 analysis of the data you just entered in the spreadsheet. The top portion of page 2.4 is a Calculator page, and the bottom part gives you some instructions. From the statistics menu, select Stats Test and χ2 GOF. Select the appropriate variables from the pull-down. Since there are two possible outcomes, there is 1 DOF.

5. What was your χ2 value when you did the GOF analysis?

In the TI-Nspire document, find a table and check out the Chi-Square value next to the 1 DOF cell. Compare the value you got when you did your GOF test with the value in the table. Here's the deal: If your calculated value is LESS than the value in the table, you can accept the "null hypothesis", which states that nothing other than mere chance has affected the observed outcome of the cross.

6. Was your calculated χ2 value less than the value in the table? YES or NO

If your calculated χ2 value is GREATER than the value in the table, then you REJECT the "null hypothesis" and then formulate another hypothesis with the intent of trying to explain the observed outcome. For example, in genetics, a trait may be sex-linked, show incomplete dominance, or be codominant. All of these could produce outcomes different from what you expect.

Problem 3

The spreadsheet in Problem 3 contains data from a cross between two pea plants. Examine the data in the "expected" column and try and determine the genotypes of the parent plants that were used to perform this cross. Then perform a χ2 GOF Analysis of the data on the calculator page that follows the spreadsheet.

7. What is the ratio of tall:short pea plants with these data?

A. 2:1     B. 3:1     C. 1:1     D. ½ : 1

8. What would you predict were the genotypes of the parent plants that were used for this cross?

A. Tt and Tt     B. TT and tt     C. Tt and tt     D. tt and tt

9. Were your the observed values and the expected values identical? YES or NO

10. After doing a Chi-Square analysis of the data, would you consider the data to be "acceptable" at a "p" value of 0.05? YES or NO

Problem 4

In this problem, you'll see what happens when what you EXPECT is very different from what you OBSERVE. It's very possible for this to happen when you're studying genetics. A tall plant was crossed with an plant of unknown genotype. Check out the data in the spreadsheet and then proceed through this problem.

Add a Calculator page and do a χ2  GOF Analysis where appropriate.

11. Were your the observed values and the expected values identical? YES or NO

12. After doing a Chi-Square analysis of the data, would you consider the data to be "acceptable" at a "p" value of 0.05? YES or NO

13. What would you predict is the genotype of the "unknown" pea plant in this cross?

A. TT     B. Tt     C. tt

14. Based on your "observed" results, you could go back into the spreadsheet and adjusted your "expected" results. With 84 babies, how many would you expect to be tall?

Problem 5

The spreadsheet in this problem shows data from a pea plant cross where two traits were monitored. Tall is dominant to short, and green is dominant to yellow.

Following the spreadsheet, add a calculator page and do a χ2 GOF Analysis on the data, then proceed to the series of questions.

15. What are the likely genotypes of the parents who produced these baby pea plants?

A. TG and tg     B. TtGg and TtGg     C. TTgg and ttGG     D. ttgg and TTGG

16. Go back and look at the "expected" results. When you reduce the ratio, what is your numeric result? (TG:TY:SG:SY)

17. How many degrees of freedom should you select when working this problem?

A. 0     B. 1     C. 2     D. 3

18. What was the χ2 value that you obtained when you did the GOF test on these data? 
       Would this be an "acceptable" value?

