Molecular and Genetic Epidemiology 
Assignment 2 
Answers  
 
C. Problems 
 
1. Hemophilia is a rare, sex-linked disorder, caused by a particular mutation that is inherited (essentially complete penetrance). Males have only one copy of the X chromosome, and so are much more likely than females to manifest the disorder (would require two defective copies in females, whereas in males, having only one defective copy gives you the disease). Would you expect the recurrence risk of this disease to be low or high? Would you expect the recurrence risk to a male offspring to be higher or lower than a female offspring? 
 
We would expect the recurrence risk to be high, as it is a fairly strong genetic effect, i.e., having the mutation causes the disease, so it is likely relatives will get it. Indeed the recurrence risk of this disease is in fact high. 
 
As per the recurrence risk to a male offspring -- 
 
Recall that a recurrence risk is defined as Pr(related individual is affected | relative is affected). In the context of siblings it would be Pr(a sib 2 is affected | affected sib 1). In the context of parents and offspring, Pr(an offspring is affected | a parent is affected). 
 
Let X and Y indicate normal variants, and Xh indicate the Hemoglobin variant. Furthermore let red indicate an affected individual, e.g., XhXh or XhY. 
 
The following genotypes are possible for a 
Female: XX, XhX, XhXh 
Male: XY, XhY 
 
So the set of all possible female-male parent combinations, followed by their possible offspring is 
 
	Parental Genotypes 
	Offspring Genotypes 
	Recurrence risk from parent to male child 
	Recurrence risk from parent to female child 
	Recurrence risk from sib to male sib 
	Recurrence risk from sib to female sib 

	XX – XY 
	XX, XY 
	N/A (parents not affected) 
	N/A 
	N/A 
	N/A 

	XhX – XY 
	XhX, XhY, XX, XY 
	N/A 
	N/A 
	0.5 
	0 

	XhXh – XY 
	XhX, XhY 
	1 
	0 
	1 
	0 

	XX – XhY 
	XXh, XY 
	0 
	0 
	N/A 
	N/A 

	XhX – XhY 
	XhXh, XhY, XhX, XY 
	0.5 
	0.5 
	0.5 
	0.5 

	XhXh – XhY 
	XhXh, XhY 
	1 
	1 
	1 
	1 


 
In all cases, from parent to child, the recurrence risk from affected parent to male child >= affected parent to female child (often equal). Similarly, for all cases the recurrence risk from the affected offspring to male sib >= recurrence risk from the affected offspring to female child. 
 
Hence the male recurrence risk is greater. 
 
2. A study in Norway looked at BMI in families (Coon et al., 2007, Psychiatry 68(4):613). They found that the MZ twin correlation was 0.58, while the DZ twin correlation was 0.20. What is the estimated heritability, if any, of the disease? 
 
heritability = 2(rmz – rdz) = 2(0.58 – 0.20) = 2(0.38) = 0.76 
 
3. A total of 187 non-related Eskimo race/ethnicity individuals were genotyped at their MN blood group (Ahrengot and Eldon, 1952, Nature). The distribution of the genotypes is 126 MM, 53 MN, and 8 NN. What are the estimated allele frequencies of the M and N alleles? Test for HWE, and report your conclusion on what the results mean. 
 
H0: Genotypes are in HWE 
HA: Genotypes are not in HWE 
 
	Alleles 
	MM 
	MN 
	NN 
	 
	 

	Observed (O) 
	126 
	53 
	8 
	 
	Total # of people 
= 126 + 53 + 8 
= 187 

	Expected genotype frequency 
	0.816^2 
=0.666 
	2*0.816*0.184 
=0.300 
	0.184^2 
=0.034 
	 
	Freq M  
= (2*126 + 53) / (2 * 187) 
= 0.816 

	Expected count (E) 
	0.666*187 
=124.5 
	0.300*187 
=56.1 
	0.034*187 
=6.4 
	 
	Freq N 
= (2*8 + 53) / (2 * 187) 
= 0.184 = 1 – 0.816 

	(0 – E)^2 / E 
	0.018 
	0.171 
	0.4 
	 
	Total 
= 0.018+0.171+0.4 
= 0.589 

	 
	 
	 
	 
	 
	P-value 
= P(chisq_{1df} > 0.589) 
= 0.44 

	 
	 
	 
	 
	 
	Fail to reject H_0, genotypes are not significantly out of HWE. 


 
For more details on how the p-value is calculated.  
a. Stata: chi2tail(df,ch0) returns the reverse cumulative (upper-tail) chi-squared distribution with df degrees of freedom.  chi2tail(df, ch0) =1 - chi2(df, ch0)] 
b. in Excel =CHIDIST(0.589,1) 
c. in R 
pchisq(0.589, 1, lower.tail=FALSE) 
[1] 0.4428061  
d. Using a table. 

