In genetics, statistics can be particularly helpful when trying to figure out if your genes are behaving in the way you think they should be! The Chi- Squared Test
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		AP Science Practice 2: The student can use mathematics appropriately
-justify the selection of a mathematical routine to solve problems
-apply mathematical routines to quantities that describe natural phenomena
-estimate numerically quantities that describe natural phenomena



Chi-squared (χ2) tests can be applied to data from dihybrid crosses and are super useful to determine whether the difference between an observed and expected frequency distribution is statistically significant  ie is the predicted 9:3:3:1 ratio being upheld? .

5 Steps to completing a chi-squared test:
· Identify hypotheses (null versus alternative)
· Construct a table of frequencies (compare observed versus expected phenotypes)
· Apply the chi-squared formula [image: ]
· Determine the degree of freedom (df)
· Identify the p value (should be <0.05 for statistical significance) & compare calculated x2  to the critical x2 value at p<0.05

Let’s Try It!
[image: ]Step 1: Identify the Hypotheses 
Null Hypothesis (HO): _________________________________________________________

Alternate Hypothesis (HA): _____________________________________________________



Step 2: Construct a table of frequencies
A table must be constructed that compares observed and expected frequencies for each possible phenotype. Expected frequencies are calculated by first determining the expected ratios and then multiplying against the observed total


	
	Smooth Yellow
	Smooth Green
	Wrinkled Yellow
	Wrinkled Green
	Total

	Observed
	701
	204
	243
	68
	1216

	Expected
	1216 x (9/16)
=684
	
	
	
	


[image: ]

Step 3: Apply the chi-squared formula 



Smooth Yellow
Smooth Green
Wrinkled Yellow
Wrinkled Green
Observed (O)
701



Expected (E)
684



(O – E)
17



(O-E)2
    E
0.42





X2= the sum of the last row

		   
Step 4: Determine the Degrees of Freedom (df)-  Degrees of freedom take into account the number of different classes represented by the cross, in this case = 4 (since 4 different phenotypes). The more classes you have, the greater the variation you are likely to see from any expected numbers. To calculate degrees of freedom, you subtract 1 from the number of classes.  Our example df= 

Step 5: Identify the critical value at p=0.05 & compare –  Find the critical x2 value in the table for the df determined at p = 0.05, (or less) this level gives us 95 % confidence! If our calculated x2 number is HIGHER than the critical value at p= 0.05 then we REJECT the null hypothesis. It means there is something aside from just chance accounting for our results. If our calculated x2 is below the critical p value then we ACCEPT the null hypothesis.
[image: ]




Apply the table. What can we conclude from our example? 

[image: Image result for critical p values table]









[bookmark: _GoBack]Practice-  

1)  In sweet pea plants, the trait for purple flowers (P) is dominant to red flowers (p). Similarly, the trait for long pollen (L) is dominant to round pollen (l). 
Two heterozygotes are crossed, yielding the following frequencies for the F1 generation:296 purple long pollen plants, 19 purple round pollen plants, 27 red long pollen plants,  85 red round pollen plants. 

Use the chi-squared test to determine if these results are due to independent assortment.  Include a null and alternate hypothesis and a table to show all calculations
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Where: 3 = Sum ; O = Observed frequency ; E = Expected frequency
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Where: 3 = Sum ; O = Observed frequency ; E = Expected frequency
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TABLE 6-1 I Critical Values of the x Distribution

P

df 0995 0975 09 05 01 0.05 0.025 001 0.005 df
1 000 000 0.016 0.455 2706 3.841 5.024 6.635 7.879 1
2 0.010 0.051 0211 1.386 4.605 5.991 7.378 9210 10.597 2
3 0.072 0216 0.584 2366 6.251 7.815 9.348 11.345 12.838 3
4 0.207 0.484 1.064 3357 7779 9.488 11.143 13277 14.860 4
5 0412 0.831 1.610 4351 9.236 11.070 12.832 15.086 16750 5
6 0.676 1237 2204 5.348 10.645 12592 14.449 16812 18.548 6
7 0.989 1.690 2.833 6.346 12017 14.067 16013 18.475 20278 7
8 1344 2.180 3.490 7.344 13362 15507 17.535 20090 21.955 H
9 1735 2.700 4.168 8.343 14.684 16919 19.023 21.666 23.589 9
10 2.156 3247 4.865 9.342 15.987 18.307 20.483 23.209 25.188 10
11 2.603 3816 5.578 10.341 17.275 19.675 21.920 24.725 26.757 1"
12 3.074 4.404 6.304 11.340 18.549 21.026 23337 26217 28.300 12
13 3.565 5.009 7.042 12.340 19.812 22362 24.736 27.688 29819 13
14 4075 5.629 7.790 13.339 21.064 23.685 26.119 29.141 31319 14

15 4.601 6.262 8.547 14339 22307 24.996 27.488 30.578 32.801 15





