Likelihood 2011, Homework 6
Skink quantitative genetics—Amazing advances in skink husbandry now allow researchers to conduct breeding experiments.  One such researcher decided to apply the ‘foursome design’ to investigate genetic variation in growth rate on different diets.  He collected 100 adult males and 100 adult females from a natural population and randomly sorts them into mating groups (2 males and 2 females per group).  Each male is mated to each family yielding four clutches per mating group.  Six baby skinks were grown from each clutch and measured for growth rate (y) on different diets.  The three experimental diets were small insects (S), medium insects (M), and large insects (L).  Each clutch had two skinks per diet type.  A csv file (which can be read by excel) can be found at:

    http://phylo.bio.ku.edu/slides/skinks_eat_bugs.csv
 It contains data from this experiment.  A total of 1200 skinks were measured, each of which was adopted into a loving home after completion of the experiment.  The model for individual measurements is
Y = (mean given diet) + (mom effect) + (dad effect) + normal error

Here, Y is the dependent variable (growth rate)

Mean given diet = µS or µM or µL depending on diet treatment (fixed effect)

mom effect = value from normal distribution: mean=0 and variance=σ2g (random effect)

dad effect = value from normal distribution: mean=0 and variance=σ2g (random effect)

normal error = value from normal distribution: mean=0 and variance=σ2 (random effect)

Note that because moms and dads were sorted randomly in mating groups, the mom effect is independent of the dad effect for any skink.

Part I.  Determine the maximum log-likelihood and MLE for the five parameters given the entire dataset.  Using the python template, you will need to populate the mating group specific incidence matrix (X) and V-matrix (V).  The program does the rest, including the search.

Part II.  Test (A) the null hypothesis that diet treatment has no effect on skink growth and (B) the null hypothesis that there is no genetic variation for growth (σ2g = 0).  For each, calculate the LRT statistic and comparing it to the appropriate critical value from the chi-square distribution.

Part III.  Use parametric boostrapping as an alternative to the chi-square distribution for evaluation of LRT in Part II.  In each simulation replicate you will need to create a dataset of the same size and character as the real data.  For each cyber-skink, this means that you need to create a value for Y given diet treatment and the random effects (see equation above).  For this you will need to use the:

 normalvariate(mean, sd)
function from python’s random module with an appropriate mean and sd (note that the function does take the standard deviation as the second argument, not the variance)
Part III Addendum (added after class discuss on April 20): Include histograms of the LRT and parameter estimates from your simulations so that you can compare the distribution of LRT values to the chi-square distribution.   The template has been modified so that you can it creates two files “ParametricBootstrapParam.csv” and “ParametricBootstrapLRT.csv”  You will need to modify the loop over simulation replicates to write the appropriate information to these files.

NOTE: repeated running of the script will overwrite the contents of these files.  So if you want to preserve the contents of the files, you will need to copy them to a new location before running the script again.  The .csv files can be read by excel or R.

A template script can be found at:

http://phylo.bio.ku.edu/slides/template_HW6.py.txt
Notes about the new template:

1. The script now must be “told” where to find the data (since we are no longer pasting the data into the script itself).  The path to the data file is the first argument.

The easiest thing to do is to:

1. Download the template script and skinks_eat_bugs.csv to the same directory

2. Open your terminal (or CMD command prompt on Windows) 

3. Use the “cd” command to navigate to the directory with the script.

This should show you the help message which lists the order of the parameters in the invocation.

2. In addition to constraining a parameter to a value, the template now supports constraining two parameters to have the same value.  If you want parameter 0 and parameter 1 to be forced to have the same value, but no other constraints then you would type:

python template_HW6.py.txt skinks_eat_bugs.csv None Equals0 None None None 10

 3. This analysis is much slower.  It took me 45 minutes to do 500 parametric bootstrap replicates on my laptop.  
4. Once again, areas that you’ll need to modify are near the top and are marked with ALL CAPS.
