Homework 1 (due 27 January 2005)




Name_______________________________

STA 6178: Genetics Data Analysis

Wu/Ma

Problem 1 – Allele frequencies 

Three alleles (denoted by A1, A2 and A3) were detected for the red cell acid phosphatase enzyme in a sample of 178 English people. All genotypes were distinguishable by electrophoresis and their frequencies in the sample were

Genotype


A1A1
A1A2
A1A3 
A2A2 
A2A3 
A3A3
Frequency (%)

9.6

48.3
2.8

34.3
5.0

0.0

What are the gene frequencies in the sample?

Data from Spencer et al. (Nature 201: 299-300, 1964).

Answer:

Frequency of A1 = (9.6*2+48.3+2.8)/100*178 = 125

Frequency of A2 = (48.3+2*34.4+5.0)/100*178 = 217

Frequency of A3 = (2.8+5.0+0.0*2)/100*178 = 14

Rate of A1 (%) = 125/(2*178) = 35

Rate of A2 (%) = 217/(2*178) = 61

Rate of A3 (%) = 14/(2*178) = 4

Problem 2 – Hardy-Weinberg equilibrium

As a candidate gene for human obesity, the (1-adrenergic receptor ((1AR) contains two common nonsynonymous polymorphism markers at codon 49 (Ser ( Gly) and codon 389 (Arg ( Gly). An ongoing project led by Dr. Julie Johnson at the University of Florida attempts to detect possible associations between these markers and obesity traits. To do so, however, we need to test if these markers are at Hardy-Weinberg equilibrium. In a sample derived from a black woman population, nine genotypes (denoted by AABB, …, aabb) at codon 49 and codon 389 were observed as follows:










Codon 389 (B)

________________________________________________________________________

Codon 49 (A)


Arg389Arg (BB)


Arg389Gly (Bb)

Gly389Gly (bb)

________________________________________________________________________

Ser49Ser (AA)


222 (32)




230 (33) 


56 (8)

Ser49Gly (Aa)


106 (15)




65 (9)



0 (0)

Gly49Gly (aa)


13 (2)




0 (0)



0 (0)

________________________________________________________________________

Data listed are the observations (% in the parentheses)

According to your analysis, are these two markers at Hardy-Weinberg equilibrium in the sample studied?

Data from Wu et al. (Pharmacogenomics Journal, accepted, 2005).

Answer:

(1) The genotype frequencies of AA, Aa, aa are 508, 171, 13, respectively. pA = (508*2+171)/(2*692) =0.8577. Expected numbers are 692*pA2 = 509, 692*2(1-pA)pA =167, 692* (1-pA)2 =14. The chi-square statistic = sum(obs-exp)2/exp=0.1 < chi-square(0.05, df=1)=3.841. The marker A is at Hardy-Weinberg equilibrium.

(2) Similarly, The chi-square statistic for marker B = 0. 4956 < 3.841. The marker B is at Hardy-Weinberg equilibrium.

Problem 3 – Linkage disequilibrium

Continued from Problem 2. 

(1) Calculate the coefficient of linkage disequilibrium (LD), D, between the two markers;

(2) Calculate the normalized LD, D(;

(3) Calculate the correlation, R, between the markers;

(4) Test if these two markers are in linkage disequilibrium.
Answer:

(1) Estimate pAB, pAb, paB, pab by EM algorithm at http://www.stat.ufl.edu/genetics/calc.htm. We have
pAB=0.5635838186071527;  pAb=0.29407514093041953; 
paB=0.14234103688417676;  pab=3.578250980988104e-9;

D=pAB*pab-pAb*paB= -0.0419

(2) pA=pAB+pAb= 0.8577, pB=pAB+paB= 0.7059; pa=1-pA= 0.1423; pb=1-pB= 0.2941;
D(=D/max(-pA*pB, -pa*pb)=1.

(3) R=D/sqrt(pA*pa*pB*pb)= -0.2629.

(4) Chi-square statistic = 2nD2/( pA*pa*pB*pb)= 95.6867. Two markers are in linkage disequilibrium.

