CONCEPT: CHI-SQUARE TEST FOR LINKAGE

e A chi-square test can be used to identify the likelihood of gene linkage

o Chi-square test is used to evaluate if your experimental values are different from the predicted values

(0 — e)?
e

x'=3

EXAMPLE:

| want to know if genes A and B are linked, so | do an experiment where | cross two heterozygous organisms. | get 50

offspring, 31 parental types, and 19 recombinant types. Is it likely that A and B are linked?

1. What are the expected numbers?
- Iftwo genes are not linked then the recombination frequency is 50%. Therefore, there would be 50% parental
types and 50% recombinant types. So out of 50 offspring, 50/2 = 25. There would be 25 parental and 25
recombinants.

2. Calculate the chi-square value

Phenotype Observed Expected (0-e)?e

Parental 31 25 1.44

Recombinant 19 25 1.44

Total 2.88
3. Determine the P value.

a. Calculate degrees of freedom. DF=1

b. Find chi-square value on row 1. It is between 2.71 and 3.84

c. The appropriate p value is between 0.10 and 0.05 (10% to 5%)

Degrees of freedom (df) | x? value

1 0004 | 002 006 @ 015 | 046 | 1.07 164 271 384 | 664 1083
2 010 | 021 | 045 | 071 | 139 | 241 | 322 | 460 599 | 921 | 13.82
3 035 | 058 | 1.01 | 142 237 | 366 464 | 625  7.82 1134 | 1627
4 071 | 1.06 | 165 | 220 | 336 | 488 | 599 | 7.78 | 949 | 13.28 1847
5 114 | 161 | 234 | 3.00 | 435 | 606 729 | 924 | 11.07 | 15.09 | 20,52
6 163 | 220 | 307 | 383 535 | 723 856 | 10.64 | 1259 | 16.81 | 2246
7 217 | 283 | 382 | 467 | 635 | 838 980 | 1202 1407 | 1848 2432
8 273 | 349 | 459 | 553 | 734 | 952  11.03 | 13.36 | 1551 | 20.09  26.12
9 332 | 417 | 538 | 639 834 | 1066 1224 | 1468 | 1692 | 21.67 27.88
10 394 | 487 | 618 | 7.27 934 | 1178 1344 | 1599 1831 | 23.21  29.59

P value (Probability) . 090 080 070 050 030 020 010 005 001 0.0




4. Do we accept or reject the null hypothesis?

a. The null hypothesis states that the expected and observed values are not different. (This would mean that

the genes would NOT be linked)

b. Because the p values are greater than 0.05 (5%), so we accept the null hypothesis.

5. Therefore, we can say with 95% confidence the genes are NOT linked.

a. Remember: This does not confirm linkage, it just states the likelihood

PRACTICE:

Black(B) rabbit coat colors are dominant to white(b) coat colors. Long hair (H) is dominant to short hair (h). A breeder

crosses a rabbit homozygous for white, short hair with a black rabbit with long hair. The F+ is backcrossed to the rabbit with

white, short hair and the following progeny are produced. Use the chi-square test to answer the following questions.

Phenotype Offspring
Black, Long 40

Black, Short 20

White, Long 24

White, Short 62

Total 146

1. What are the expected offspring numbers if the two genes are not linked, and therefore assort independently?

a. 73 parental, 73 recombinant
b. 146 parental, 0 recombinant
c. 60 parental, 86 recombinant
d. 102 parental, 44 recombinant




2. Calculate the chi-square value for the above problem.

23.00
5.89
0.02
0.467

oo oo

3. In this example, how many degrees of freedom should be used?
a. 1

oo
BN



4. Using the appropriate chi-square value and degrees of freedom, do the coat color and hair length genes assort
independently?
a. Yes, both genes assort independently
b. No, both genes do not assort independently (meaning they are linked)

Degrees of freedom (df) x? value
1 0.004 | 0.02 0.06 0.15 0.46 1.07 164 2.71 3.84 6.64 @ 10.83
2 0.10 0.21 045 0.71 139 241 3.22 4,60 5.99 921 1382
3 0.35 0.58 1.01 1.42 237 3.66 4.64 6.25 7.82 | 1134 | 16.27
4 0.71 1.06 1.65 2.20 3.36 4.88 5.99 7.78 949 | 13.28 1847
5 1.14 1.61 234 3.00 4.35 6.06 7.29 9.24 | 11.07  15.09  20.52
6 1.63 2.20 3.07 3.83 5.35 7.23 8.56 | 10.64 1259  16.81 | 2246
7 217 2.83 3.82 4.67 6.35 8.38 9.80 | 12.02 1407 18.48 2432
8 273 3.49 4.59 5.53 7.34 9.52 | 11.03 | 13.36 @ 15.51 | 20.09 | 26.12
9 3.32 417 5.38 6.39 834 | 1066 1224 | 1468 1692 2167  27.88
10 394 | 487 | 618 | 727 934 | 11.78  13.44 | 1599 | 1831 | 2321 2959

P value (Probability)




