AICE Biology Chi Square Practice Problems

1. A newly identified fruit fly mutant, cyclops eye (large and single in the middle of the head), is hypothesized to be autosomal dominant. The experimenter started with homozygous wild type females (yes, virgins) and homozygous cyclops males. The data from the F2 generation was 44 wild type males, 60 wild type females, 110 cyclops males and 150 cyclops females. Does this data support or reject the hypothesis? Use chi square to prove your position. Once you have your answer check my answer below.

2. Another ficticious mutant, bloodshot eyes, is hypothesized to be autosomal recessive. Again the experimenter used homozygouse wild type virgin females but this time the males had homozygous blood shot eyes. The F2 data was 75 wild type males, 60 wild type females, 31 bloodshot males and 45 bloodshot females. Does this data support or reject the hypothesis? Use chi square to prove your position.

3. Still another imaginary trait, bristles-with-split-ends, is hypothesized to be X-linked dominant. As before, the P1 virgin females were homozygous wild type however this time the males had bristles-with-split-ends. The F1 84 males were all wild type while the 90 females all had split-ends. In addition, the data for the F2 generation revealed 26 wild type males, 35 wild type females, 29 split-end males and 40 split-end females. Does this data support or reject the hypothesis? Use chi square to prove your position.

4. Finally, bow-legs is hypothesized to be X-linked recessive in Drosophila melanogaster. The P1 virgin females were, once again, homozygous wild type but the males were bow-legged. There were 52 wild type males and 67 wild type females in the F1 generation. The F2 generation contained 30 wild type males, 75 wild type females, 40 bow-legged males and no bow-legged females. Does this data support or reject the hypothesis? Use chi square to prove your position.

5.  In 1901, Bateson reported the first post-Mendelian study of a cross involving two characters.  White leghorn chickens, having white feathers and large "single" combs, were crossed to Indian Game Fowl, having dark feathers and small "pea" combs.  The F1 were white with pea combs, and the F2 distribution was: 111 white pea, 37 white single, 34 dark pea, and 8 dark single.  What phenotypic ratio would you expect?  Test your prediction using chi-square.

6.  In rumbunnies large ears (E) is dominant to small ears (e) and tufted ears (T) is dominant to shaven ears (t).  Two heterozygous rumbunnies are crossed, with the following results: 420 large tufteds, 189 small shavens, and 141 large shavens.  How well do these results correspond with expectation if large ears are epistatic over ear hair length?  If small ears are epistatic over ear hair length?  Use chi-square.

AICE Biology Chi Square Practice Problems: ANSWERS

Answer for Question #1
1. The chi square for the cyclops eye problem approximates 2.4 (depending on how your round your numbers) with one degree of freedom. This gives a probability between 10% and 30%, therefore, the difference is insignificant and the hypothesis is accepted.

Explanation:

Since it is hypothesized that cyclops eye is autosomal we can lump the wild type males and wild type females together (likewise for the cyclops flies). Therefore, we observed:

104 wild type flies and 260 cyclops flies

The expecteds for this problem are determined from the total number of flies observed

44 + 60 + 110 + 150 = 364

If Cyclops eye is in fact autosomal dominant 1/4 of the F2 generation should be wild type and 3/4 of the F2 generation should be cyclops eye. Therefore:

1/4 x 364 = 91 wild type flies expected, and

3/4 x 364 = 273 cyclops eye flies.

Filling out the X2 equation then:

X2 = [(expected wild - observed wild)^2]/expected wild + [(expected cyclops - observed cyclops)^2]/expected cyclops

X2 = [(91-104)^2]/91 + [(273-260)^2]/273

X2 = [(-13)^2]/91 + [(13)^2]/273

X2 =169/91 + 169/273

X2 =1.8 + 0.6

X2 = 2.4

Since there are two groups of data (and two terms) there are 2-1 = 1 degree of freedom.

Entering the chi square table above in the first row (1 degree of freedom) we move to the right until we find that 2.4 (our chi square value) lies betwee 1.1 and 2.7. Moving directly up we find that the probability of this value occuring by chance alone is between 0.30 (30%) and 0.10 (10%). Since the standard must frequently used to divide significant from insignificant is 0.05 (5%) we can say that this deviation (difference) is insignificant.

Answer for Question #2

2. The chi square for the bloodshot eye problem approximates 13.3 (depending on how your round your numbers) with one degree of freedom. This gives a probability of less than 0.1%, therefore, the difference is very significant and the hypothesis is rejected. Try other hypotheses. Do any of them fit? Why or why not?

Explanation:

Since it is hypothesized that bloodshot eye is autosomal we can lump the wild type males and wild type females together (likewise for the bloodshot flies). Therefore, we observed:

75 + 60 = 135 wild type males, and

35 + 45 = 76 bloodshot eyes females

The expecteds for this problem are determined from the total number of flies observed

75 + 60 + 31 + 45 = 211 Total flies

If bloodshot eyes are in fact autosomal recessive 1/4 of the F2 generation should have bloodshot eyes and 3/4 of the F2 generation should have wild type eyes. Therefore:

1/4 x 211 = 158 wild type flies expected, and

3/4 x 211 = 53 bloodshot eyes flies.

Filling out the X2 equation then:

X2 = [(expected wild - observed wild)^2]/expected wild + [(expected bloodshot - observed bloodshot)^2]/expected bloodshot

X2 = [(158-135)^2]/158 + [(53-76)^2]/53

X2 = [(23)^2]/158 + [(-23)^2]/53

X2 =529/158 + 529/53

X2 =3.3 + 10.0

X2 = 13.3

Since there are two groups of data (and two terms) there are 2-1 = 1 degree of freedom.

Entering the chi square table above in the first row (1 degree of freedom) we move to the right until we find that 13.3 (our chi square value) lies beyond 10.8 (the upper right end of the table. Moving directly up we find that the probability of this value occuring by chance alone is less than 0.01 (0.1%). Since the standard must frequently used to divide significant from insignificant is 0.05 (5%) we can say that this deviation (difference) is highly significant.

Answer for Question #3

3. The chi square for the bristles-with-spit-ends problem approximates 3.7 (depending on how your round your numbers) with three degrees of freedom. This gives a probability of approximately 30%, therefore, difference between what was expected and the data that had been collected was insignificant and the hypothesis is accepted.

Answer for Question #4

4. The chi square for the bow-legs problem approximates 1.5 (depending on how your round your numbers) with two degrees of freedom. This gives a probability between 30% and 50%. Since this is greater than 5% the difference is insignificant, and the hypothesis is accepted.

Answer for Question #5
5.  Expect 9:3:3:1.  Chi square = 1.62, ns with 3 df

Answer for Question #6
6.  F2 phenotypes wrong for large ears epistatic over ear hair.  If small ears epistatic

    over ear hair, expect 9:3:4, chi-square = 0.036, ns with 2 df.
Modified from: http://gbn.glenbrook.k12.il.us/academics/science/staff/Biology/Genetics/GenProbs.html
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