A C++ program for assessing the statistical power of genetic analyses to detect multiple mating in fish
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Description

This program calculates the probability of detecting a multiple mating (fertilization) in a sample of offspring.  The model assumes single-sex multiple mating (i.e., polygyny or polyandry) and therefore all offspring in a brood are either full-sibs or half-sibs.  The criterion used to detect the multiple mating is three or more paternal alleles in the set offspring.  The program is written in C++ for IBM type computers and is an executable file (Neff&Pitcher_PrDM.exe).  It is run by double clicking the icon or using the ‘Run’ command line.

Directions

Before running the program a data file must be set-up.  This is most easily done using Microsoft Excel (or equivalent).  The file must be saved as a tab delimited file.  The following data must be entered into the spreadsheet: (1) the number of loci; (2) the number of alleles at each locus and their population frequencies; (3) the number of sires contributing to a multiple mated brood and their reproductive skew; and (4) the known parent’s genotype.  The population allele frequencies must sum to one for each locus as must the reproductive skew.  Alleles are identified using consecutive integers starting at zero.  Thus, for a locus with four alleles, the alleles are numbered 0, 1, 2 and 3.  Four allele frequencies must be entered and these correspond in order to the allele number (i.e., the first allele frequency corresponds to allele “0”, the second to allele “1”, etc.).  If the known genetic parent is unknown (or if the program is being run to calculate the mean PrDM for a “population” analysis) enter 99 and 99 for the parent’s genotype.  In this case the program will randomly generate the parent’s genotype for each iteration based on the allele frequencies and assuming Hardy-Weinberg equilibrium.  When the program is run it will prompt you for the number of offspring you intend to analyze per brood.  The program will repeat itself, prompting each time for another possible number of offspring.  This allows the user to quickly assess the number of offspring that might need to be run in order to obtain a desired level of statistical power with the loci available.  The parameters must be restricted to a maximum of 10 sires contributing to multiple mated broods, 25 loci, 30 alleles per locus and 100 offspring per brood.


The data file must be titled “mmdata.txt” and must be saved in the same file folder (directory) as the C++ program.  If any difficulties occur (and are detected) while the program is running, an error message will appear on the screen.  A sample data file is included with the program.  It includes one locus with three equally common alleles, three sires with equal fertilization success and an unknown genetic mother.  The program can be run with this data file and the value of PrDM can be compared to those presented in Table I of the paper (i.e., for 5, 10 and 20 offspring the values are listed as the second value in the column under Alleles: even 3).


Because of the nature of a Monte Carlo simulation (used by the program), some minor fluctuations occur in the value of PrDM reported each time the program is run.  This variance is usually small, in the order of a few tenths of a percent.  For example, when the sample data file is run with five offspring you might get PrDM values of 0.208 or 0.210 or 0.213.  If these minor fluctuations are concerning, the program can be run repeatedly many times (e.g., 10) and an average can be obtained of each value printed to obtain a more robust calculation of PrDM.


The following are two sample spreadsheets.  The first example assumes one locus having four alleles with skewed frequencies, two sires per multiply mated brood with equal fertilization success, and the mother’s genotype is known with alleles “0” and “3”, which have allele frequencies 0.50 and 0.10, respectively.
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The second example assumes two loci, one has four skewed alleles and the second has five equally common alleles, three sires per multiply mated brood with skewed fertilization success, and the mother’s genotype is unknown.
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	4
	0.50
	0.25
	0.15
	0.10
	

	5
	0.20
	0.20
	0.20
	0.20
	0.20

	3
	0.571
	0.286
	0.143
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