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Introduction

The genus Heterobasidion includes the most economically destructive forest pathogens of north temperate forests and some of the most economically important pathogens of conifer trees worldwide, resulting in estimated losses of 800 million euros annually in Europe alone (Asiegbu et al., 2005).  Heterobasidion species cause root and butt rots, leading to economic losses through timber decay, higher incidence of windthrow and stem breakage, slower growth rates, and higher production costs due to the presence of decayed stems (Seifert, 2007).  Originally considered to be a single species (Heterobasidion annosum), the causative agents of Heterobasidion diseases were distinguished first as separate intersterility groups (groups between which matings of single basidiospore isolates are predominantly or completely unsuccessful), and then as separate species (Korhonen, 1978; Capretti et al., 1990; Niemelä and Korhonen, 1998; Otrosina and Garbelotto, 2009). Intersterility groups (ISGs) in Heterobasidion, while originally defined on the basis of mating studies, are in some cases also distinguishable by morphological characters, geographic occurrence, and host tree species; the latter associations are the basis of the commonly used ISG designations F (associated with Firs), S, (associated with Spruces), and P (associated with Pines). 
Understanding the epidemiology of forest diseases is important for developing effective protocols for importation control, quarantine, and silvicultural management.  Molecular genetics provides a powerful arsenal of tools for inferring the events and biological processes underlying pathogen invasions.  Genetic divergence between geographically- and host-separated populations, the presence of introduced genotypes, and the establishment of hybrid genotypes have all been detected in Heterobasidion spp. using molecular tools (Chase et al., 1991; Garbelotto et al., 1996; Harrington et al., 1989, Johanesson and Stenlid, 2003; Kasuga et al., 1993; Gonthier et al., 2004; 2007).
Amplified fragment length polymorphism (AFLP; Vos et al., 1995) analysis is a DNA fingerprinting technique in which genomic restriction fragments are selectively PCR amplified using primers complementary to specific oligonucleotide adapters, and distinguished by size.  High numbers (dozens to hundreds) of restriction fragments can be amplified simultaneously – therefore allowing many regions of the genome to be examined – without the previous knowledge of the DNA sequence of the target organism that is required for some other commonly-used molecular techniques (such as direct sequencing and microsatellite analysis), and with a high degree of repeatability (unlike RAPDs, another DNA fingerprinting technique commonly used when previous sequence knowledge is lacking).  Because many loci are examined, a high degree of genetic resolution is possible and samples can be grouped into populations (a process known as population assignment) using statistical methods. 
The major classes of statistical methods used for population assignment are distance-based and model-based methods.  Distance-based methods use various measures of similarity to cluster samples into groups.  The analyses are conducted in two steps. First, the raw genotype data are used to construct a distance matrix that quantifies the pairwise similarity between each pair of samples.  Then, the distance matrix is used to group the samples into clusters. A commonly used method for the latter is the neighbor joining algorithm (Saitou and Nei, 1987; Hollingsworth and Ennos, 2004); in our exercise, we will use an alternative clustering method, the Fitch-Margoliash weighted least-squares method (Fitch and Margoliash, 1967).  Distance methods are mathematically simple compared to model-based methods and can often be easily visualized (for example, in the form of a clustering dendrogram or neighbor-joining tree), but are sensitive to the particular distance measure chosen and are considered to be less dependable than model-based methods (Pritchard et al., 2000).  In contrast, the software program Structure (Pritchard et al., 2000) uses a Bayesian clustering method to assign individuals to populations. The program “assumes a model in which there are K populations (where K may be unknown), each of which is characterized by a set of allele frequencies at each locus,” and uses the individual genotype of each sample to assign that sample to one of the K populations based on Bayesian probabilities.
In the following exercise, we will use multilocus genotype data to examine the genetic structure of isolates of Heterobasidion in Italy collected near the site where an introduction of a North American genotype was discovered (Gonthier et al., 2004).  Specifically, we wish to know whether hybridization has occurred between introduced and indigenous genotypes of the pathogen.   Based on theory, if certain alleles are fixed within each population and recombination occurs between loci, then hybrids should exhibit a mix of parental alleles; such a mix should result in intermediate distances between hybrid and parental populations relative to distances between the two parental populations when distance methods are employed, and in problematic assignment to populations when model-based methods are employed.   The exercise is in two parts. In Part 1, you will gain experience in reading AFLP chromatographs and scoring markers for a group of 10 samples.  In  Part 2, you will use both distance and model-based methods to determine the geographic and genetic origins of a group of 20 samples collected from a region of Italy known to harbor both introduced (i.e., European H. annosum) and indigenous (i.e., North American H. irregulare) populations, using a data matrix containing 254 AFLP markers.
exercise
The class will be divided into two groups, each of which will be provided with the following materials:
· A spreadsheet containing allele size data for 10 Heterobasidion isolates (5 examples, and 5 blank for you to fill in)

· Chromatograph files containing raw data from amplification and subsequent size determination of microsatellites for the 6 samples (one from the example data, and 5 for the samples that you are to score);

· Software for distance and model-based assessment of population structure.

Part 1: Deciphering AFLP chromatographs and scoring AFLP markers

1. Examine the data spreadsheet, noting its structure.  Rows in the data matrix correspond to individual samples; columns correspond to the 20 AFLP markers (fragments).  Numbers in the cells correspond to the size of the fragment in base pairs (zeros denote no fragment of a particular size). In this data matrix, 5 samples are provided as examples, and 5 are blank.
2. Examine the example chromatograph (the one for which the corresponding row in the data matrix is filled in). Note how the peak data in the chromatograph have been translated to fragment size data in the data matrix.

3. For the five blank rows in the data matrix (one sample per student), read the corresponding chromatograph and score the AFLP markers for your sample (i.e., fill in the appropriate row in the data matrix). Compare your scoring to the actual data matrix that was used in analyzing these data for publication.

Part 2: Inferring the geographic and genetic origins of Heterobasidion isolates from Italy
1. Using Excel, examine the data matrix of 254 AFLP markers scored for 20 individuals. Note that the matrix has been converted from fragment size to converted to binary format (1 = presence of fragment of a given size; 0 = absence of a fragment of that size, -9 = data missing for that fragment size). The first row of the matrix contains the designation used to denote the recessive allele state; this is a formality required by the Structure software.

2. Construct a neighbor-joining (NJ) tree for the data using the following procedure:

a. Construct a distance matrix for the data using the RESTDIST program in the PHYLIP software package (Felsenstein, 2005; RESTDIST documentation available at: http://evolution.genetics.washington.edu/phylip/doc/restdist.html). Here’s how:

i. Open the Phylip folder. A copy of the input file, with the filename changed to “infile.txt,” should be in this folder. The data in this file are identical to those in the Excel spreadsheet, differing only in formatting.

ii. Open the RESTDIST program, and specify “infile.txt” as the input file.
iii. Change the following menu options by typing the corresponding letter: Restriction sites or fragments (R) = Fragments; Site length = 26 [combined size of the two AFLP selective primers = 2*(10 bp primer + 3 bp selective bases) = 26]. Maintain the defaults for the other menu items.

iv. Open the output file (named “outfile”) with a text editor (e.g., Wordpad) and examine its structure. For each sample, there are 20 corresponding numbers that represent the distances between that sample and all of the other samples (including a distance of zero between that sample and itself). See the RESTDIST documentation and Felsenstein (2004) if you are interested in the mathematical derivation of the distance metric.
b. Change the name of the distance matrix output file from RESTDIST (“outfile”) to “infile2.” Construct the NJ tree using the program Fitch, also in PHYLIP (documentation: http://evolution.genetics.washington.edu/phylip/doc/neighbor.html). Specify “infile2” as the input file, and maintain all default options.
c. Using the output file from Fitch, use the program Drawtree in PHYLIP (documentation: http://evolution.genetics.washington.edu/phylip/doc/drawtree.html) to view the NJ tree. Specify “outtree” as the name of the tree file and “font1” as the name of the font file.

d. Print your NJ tree. Select Alt + Print Screen, then open a blank Word document and select Ctrl + V to paste an image file into the document, then print the document to the Garbelotto Lab printer.
3. Conduct a Bayesian assignment using Structure using the following procedure:

a. Open Structure, and select File ( New Project.

b. In the first dialog box, give the project a name (e.g., “AFLP”), select the directory (C:\Documents and Settings\Doug\Desktop\MatteoClass_analysis), and the input file (HB_structure_input_EU_NA_H.txt).

c. In the second dialog box, set the number of individuals = 20, ploidy = 1, number of loci = 254, and missing data value = -9.

d. In the third dialog box, check the option “Row of recessive alleles.”

e. In the fourth dialog box, check the option “Individual ID for each individual.” 

f. Select Parameter Set ( New
g. Under the “Run Length” tab, set the length of burn-in period to 10000 and the number of MCMC reps after burn-in to 90000. Use the default options for all other tabs.

h. When prompted, give the parameter the name “class_param”.

i. Select Project ( Start a Job.  In the “Structure Scheduler” dialog box, select the “class_param” simulation, set K from 1 to 4, and specify 1 iteration per simulation.  View the job log (under the Project menu) and simulation report (bottom frame of the window) to make sure that the analysis has begun.  The analysis will run for approximately 15-20 minutes. During this time, retrieve your NJ tree diagram from the printer and take a short break. 
j. Examine the output from the analysis.  Under the View menu, select “Simulation Summary.” Compare the negative log-likelihood values (Ln P(D)) for each value of K. Note which number of populations (value of K) is best supported by the analyses (i.e., has the least negative Ln P(D) value).
k. For the best-supported value of K, examine the results report (In the Results subfolder within the class_param folder within the Parameter Sets folder in the left panel of the Structure window. Scroll down to the section entitled “Inferred ancestry of individuals,” where the probability of assignment to each of the K populations is given for each sample. Use this information to answer question 4c below.

l. Examine two plots from the analysis. First, examine the triangle plot (under the Plotting menu). Select the “class_param” parameter set, and choose the Result file with the run number corresponding to the optimal value of K.  The samples are plotted in a way that represents their assignment to populations.  Then, examine the bar plot corresponding to the optimal value of K.  After you have opened the results report (as in step 3(k), above), select the “Bar plot” menu in the right-hand frame (i.e., the window entitled “Simulation Result”), and select “Show.” Then, select the following options in the bar plot window: “Sort by Q,” and “Plot in multiple lines.” The bar plot will be arranged in such a way that the samples are grouped by population, with each column corresponding to an individual sample. This plot provides a graphical representation of the probability of assignment to each of the K populations for each sample.
4. Consider the following questions, and be prepared to discuss them in next week’s class. 

a. How many Heterobasidion populations (i.e., how many NJ clusters, or what value of K) are best supported by your analyses? What do these clusters/populations most likely correspond to in terms of geographical or genetic origin?
b. Do the two analytical methods support the same, or conflicting, results? Which samples vary in their group membership between the two methods?
c. Describe the Structure results summary and bar plot results. Are all of your samples unambiguously (i.e., with > 75% probability) assigned to a single population? If not, which samples are not?

d. What biological processes might explain your results?
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