What is PERM for?

PERM is a permutation program designed to detect statistical connections between grouping structures and grouping factors or correlates. Groups may be of various kinds such as herds, flocks, schools and mating couples provided they make up meaningful social units.

How to run?

To run the PERM program, simply double-click the PERM 1.0.xls file in the PERM 1.0 folder.

Examples of questions which PERM was designed to answer
(names of corresponding procedures within brackets):
· Do specimens from the same group tend to be more related/inbred than specimens from distinct groups? (Groups: pairwise relationship)

· Are there differences between groups in terms of size, weight, isotope contents, etc.? (Groups: comparisons of means)

· Do specimens from the same school/herd/flock tend to belong to the same population? (Groups: category membership)

· Is there a statistical connection between mating couple formation and MHC alleles (Pairs/couples: pairwise relationship)

Available procedures

PERM offers four procedures:

1. Groups: pairwise relationship
This procedure aims at detecting a possible statistical link between a collection of groups and some pairwise relationship statistic such as Rxy, Mxy, half or fullsibship. Relations other than those pertaining to relatedness may also be tested. All pairwise relations will thereafter be referred to as Sxy. 
The user is requested to provide an Excel document containing a matrix of the Sxy statistic between each pair of specimens found in the collection of groups, irrespective of group membership. Sxy values may be of various types: decimals, integers or logical (0s and 1s only) depending on the kind of relationship one wishes to represent. For instance, within the relationship X and Y share at least one parent a 0 would stand for no shared parent and a 1 would represent the condition where X and Y have one or two common parents. This matrix may be square, inferior triangular or superior triangular. Diagonal values are not used. A distinct input Excel document describes the observed grouping structure. The P Value computations are based on the following statistic SOM: the sum of all Sxy values for all pairs of specimens that belong to the same group i.e. the intra-group sum of Sxy. PERM outputs an Excel workbook comprising several sheets of information among which a global P Value and a matrix of P Values with rows corresponding to groups and columns to iterations. Therefore, groups contributing to lower the global P Value may be identified. Also the stability of the P Value estimates over iterations may be assessed. P value stability can be raised by increasing the number of permutations per iteration. 

2. Groups: comparisons of means
This procedure compares average values among groups for some measure or statistic S. The groups of values are rebuilt through random permutations. After each permutation, the averages of the g groups, M1…Mg, are recalculated and compared. When the collection comprises only two groups, the user may test for M1 > M2, M2 > M1, M1 <> M2 based on statistics D = M1-M2, D = M2-M1 or D = |M1 – M2| (absolute value of the difference between M1 and M2), respectively. With more than two groups, all paired bilateral tests M1 <> M2 are performed i.e. for each pair of groups. Number of permutations and iterations are under user control. 

3. Groups: category membership
This procedure searches for connections between group structure and category e.g. population membership. It is based on a homogeneity statistics H. Given hG, the number of specimens belonging to the most frequently identified category within group G, H is the sum of hG computed over all groups. For example, given the following six allocation groups:

A B B B A, B A B A A A, A A, B B B B A B B B B A, A A A B B A A B B B, A B B

H = 3 + 4 + 2 + 8 + 5 + 2 = 24

The number of permutations and iterations are under user control. PERM outputs a matrix (iteration X group) of P Values in addition to a global P Value.

 In order to assess the power of a given category membership test and also to interpret the P Value from empirical groups, PERM allows to compute P Values from artificial groups built on the basis of perfect homogeneity within each group. The user must provide estimates of category sizes, absolute or relative, such as census sizes of populations. Also an allocation matrix must be given with each column containing the probabilities that, say, A be correctly identified as A or incorrectly as B or C, etc. Very unequal census sizes e.g. when nearly all specimens belong to category A, as well as high probabilities of incorrect allocations reduce the power of the category membership test.

4. Pairs/couples: pairwise relationship
This procedure aims at detecting a statistical connection between mating couple formation and some pairwise relationship between partners such as allelic distance on an MHC locus. It is analogous to the Groups: pairwise relationship procedure except that it offers a choice of two permutation types according to whether the specimens are sexed or not. In sexed permutations, males are permuted among themselves and females are also permuted among themselves thus keeping constant the sets of male and female specimens. However, if the sex of the specimens is unknown, all genotypes are put together in the same set before each permutation. Even when all specimens have been sexed, if the user is convinced that sex and Sxy are statistically independent variables, then the non sexed permutation type may be selected to increase the number of possible pairings and hence the power of the test. 

Input files

The input files have to be in Excel spreadsheet format (.xls). The user will find examples of input files in the Demo Files folder. Each of the four procedures is associated with a specific subfolder of Demo Files. The names of the files correspond unequivocally to their use within their procedure. Care should be taken to follow the exact same format as in the Demo Files. It is especially important to start writing data at the same location i.e. same row and column as that found in the Demo Files. 
Output files

The results are outputted as a single Excel file. The result file (workbook) contains several (work)sheets and the user should make sure he/she opens all of them. All procedures produce a sheet describing the information provided by the user (choice of files and parameter values). The location of the output file is the same as that of the input files. 

Within all four procedures, PERM outputs a histogram of S (the procedure statistic) for the last distribution/iteration i.e. including the value of S computed at each permutation. The part of the histogram corresponding to the last P Value is highlighted in red. Besides illustrating the meaning of the P Value, the purpose of drawing a graph of the last distribution is to visualize its shape and smoothness level. A jigsaw graph is an indication that the number of permutations should probably be increased especially when associated with P Value instability over iterations. 

Help 

The entire Help information is available on-line. To access this information, it suffices to click on the info buttons provided on most frames while running PERM. Parameter and input file names are fully defined.
How to cite PERM 

A Program Note (included in this package) on PERM was submitted to Molecular Ecology Notes under the following reference: 
DUCHESNE, P., L. BERNATCHEZ . PERM : A computer program to detect structuring factors in meaningful social units. 
Users are invited to make suggestions and report bugs by sending e-mails to either Pierre.Duchesne@bio.ulaval.ca or Louis.Bernatchez@bio.ulaval.ca.  

Also, additional information on PERM will be provided on Louis Bernatchez’s Web Page : http://www.bio.ulaval.ca/ . (Click on the Department’s logo and then select “Professeurs”).








































