STA 6178 Genetic Data Analysis

Wu/Ma

Homework 2 (due February 10, 2005)

All the observations used in the following problems are make-ups

Problem 1 – Two-point Analysis for codominant markers in the F2

Suppose there are two codominant markers A and B in the F2 generation. The nine multilocus genotypes of these two markers are observed in a (3 x 3) matrix as follows:

BB     


Bb  


bb

AA    


n22=20 

n21=17 

n20=3
Aa    


n12=20 

n11=49 

n10=19
aa             

n02=3           

n01=21          

n00=19
1) Write down the expected frequency of each genotype in terms of the recombination fraction, r; 

2) Shown how the EM algorithm can be used to estimate r;

3) Estimate r using the program for the EM algorithm;
4) Test if these two markers are linked using the chi-square test statistic.

Problem 2 – Two-point Analysis for dominant markers in the F2
If one of the above two markers, say A, is dominant and the other is codominant, we need to re-arrange the (3 x 3) matrix into a (2 x 3) matrix as follows:



BB


Bb


bb

A_

n22+n12=40

n21+n11=66

n20+n10=22

aa

n02=3


n01=21

n00=19

Do the same things 1) – 4) as required for problem 1;   

Problem 3 – Two-point Analysis for dominant markers in the F2
If both markers A and B are dominant, arrange the matrix into a (2 x 2) form. Do the same things 1) – 4) as required for problem 1;   

Problem 4 – Comparisons (optional)

Do a simple study to compare the estimates of r from problems 1 – 3. 

Can you think about why these three estimates are different? We will analyze this issue in the class.

This problem will not count for your grade.

Problem 5 – Three-point analysis in the backcross

There are three markers A (RG532), B (W1) and C (RG173), collected in a backcross generation, initiated with two parents AABBCC and aabbcc. Eight backcross genotypes are observed as below:

ABC/abc         18

ABc/abc         12

AbC/abc          0

Abc/abc         15

aBC/abc          1

aBc/abc          2

abC/abc          1

abc/abc         63

Note:  The letters at the left side of “/” are the gametes generated by the F1, whereas the letters at the right side of “/” are the gametes generated by the original parent aabbcc. Let rAB, rAC, and rBC denote the recombination fractions between markers A and B, between markers A and C and between markers B and C, respectively.

1) Write down the expected frequency of each genotype in terms of the recombination fractions for each of the three possible marker orders A-B-C, A-C-B and B-A-C;
2) Estimate three recombination fractions among the markers, rAB, rAC, and rBC, under each marker order;

3) Determine the most likely order based on the estimated likelihood values.

Hint: To solve 2), you need to re-arrange the above data in the following form (assume order A-B-C):






Markers B and C
Markers A and B

Recombinant

Non-recombinant

Total
______________________________________________________________________________

Recombinant


n11


n10



n11+n10

Non-recombinant

n01


n00



n01+n00

Total



n11+n01

n10+n00


n

______________________________________________________________________________

Recombinant


g11


g10



rAB

Non-recombinant

g01


g00 



1-rAB
Total


 
rBC 


1-rBC 



1

You need to first estimate g’s and then use the estimated g’s to estimate r’s.
