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Instructions for the Impatient

1) Open the GENECAP workbook.

2) Ensure macros are enabled for the worksheet.

3) Paste your data into the data worksheet.

4) Input the number of loci, match probability, and match probability type in the correct locations on the “command” worksheet.

5) Press the “Clear Outputs” button on the “command” worksheet.

6) Press the “Find Matches” button on the “command” worksheet.

7) Check if any samples show up in the “problems” worksheet.

8) If one or more problem samples exist in your data, remove them from the data worksheet (careful not to leave any empty rows in your data) and return to step three.  If no samples are problems, then you are finished.

Introduction
We created GENECAP to assist the wildlife researcher or manager in efficient analysis and formatting of nuclear DNA genotypes for the purpose of population estimation.  GENECAP is a Microsoft Excel macro with the primary input of multi-locus genotypes.   GENECAP compares each individual multi-locus genotype with all other genotypes within the dataset to determine matching genotypes.  One major feature of GENECAP is the ability to include genotypes with missing scores for loci.  After matches are determined, GENECAP creates capture histories and calculates match probabilities in a worksheet that can then be used to derive population estimates in such programs as CAPTURE (White et al. 1982) and MARK (White and Burnham 2000).  In addition, GENECAP calculates allele frequencies, and probability of identity (PI) values, and reports genotypes that are problematic, and multi-locus genotypes that differ by 1 and 2 alleles.   

Hardware and Software Requirements

This program requires Microsoft Excel version 97 or higher.  GENECAP only runs on Microsoft Windows-based (95, 98, ME, NT, 2000, XP) PC computers because the Visual Basic macro language does not work properly in the Macintosh version of Excel. 

Data

The basic data requirements for this program include the sample identification number, the diallelic genotype for up to 50 loci, sample type (i.e. hair, muscle tissue), the capture occasion that the sample was collected and the location (if available) of where the sample was collected (Figure 1).  Input data include: column headings located in row 1, sample identification numbers (must be numerical and in column A), diallelic genotype for up to 50 loci must be numeric (columns B, C, D, E, F, G in figure 1), type of data that can be either numerical or alphanumeric (column H in figure 1), the capture occasion that the sample was collected (Column I in figure 1), and the location where the sample was collected (Column J in figure 1).  ID number must be entered in column A, and genotypes must be entered in the adjacent columns.  Datatype, sampling occasion, and location must be entered in the next three columns after the genotype in that order.  The program does not “read” the column titles to determine what data are in each column, but rather relies on the column that the data are in to determine what the data represent.  Data can be missing for a locus or for one allele at a locus, which are signified by “-99.”  If only one allele is missing (i.e., for a locus with high incidence of null alleles), the –99 must be entered in the second column for that locus.  Shaded cells in Figure 1 show examples of genotypes with missing data.  Examples of missing data are shown in Figure 1 in Row 4, column B and C for a missing locus and in row 5, column G for a missing allele.  If missing data are not formatted correctly (e.g. missing data are represented by letters) the user will receive an error message in Visual Basic.  These missing data must then be replaced with –99s.  An empty cell in the first column (sample ID) signifies the end of the data.  There cannot be any empty rows between the data entries because the program will not recognize any of the entries after the empty row.

Note that allele size data must be entered as a number, and must be consistently entered with either the smallest allele first, or the smallest allele second for each locus.  Whichever data structure is chosen must remain consistent throughout the dataset for GENECAP to function properly.  If this convention is not followed, some matching genotypes will be missed by the program.
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Figure 1.  Example of data inputs for program GENECAP.  Data must be entered on the worksheet named “data”.  

In addition to the input of data on the “data” worksheet, the user must also make specifications on the “command” worksheet.  These specifications include: the number of loci (1-15; row 9 column B in Figure 2), the match probability (row 10 column B in Figure 2), the type of match probability to be used (either sib or hw; row 11 column B in Figure 2).  Matching probabilities will be covered later in this manual (Heading of Match probabilities).  If any of these are missing the program will produce an error message prompting the user to enter the required inputs.
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Figure 2. Required inputs for program GENECAP located on the “command” worksheet.  

Running GENECAP

After the data has been entered into the program on the “data” worksheet and the “required inputs” have been specified on the “command” worksheet, the program is ready to run.  To run the program you simply click the “Find Matches” button on the “command” worksheet.  After the program has completed running the user will be prompted with a window that says, “Done creating capture histories.”  The user can then click the “OK” button and view the program output.  Depending on the speed of your computer and the size of your dataset, the program may run for several minutes.  If you have any samples that show up on the problems worksheet, you will have to remove those samples from the data sheet and run the program again.  Repeat this process until no problems show up.

Calculations and Outputs
The first and most basic output that GENECAP generates is located on the “command” worksheet (Figure 3).  This output includes, the number of records in the data, the number of matches, number of sample pairs that only differ by 1 allele, number of sample pairs that differ by 2 alleles, the number of unique genotypes detected in the data, the sibling probability of identity, and the Hardy-Weinberg probability of identity (Both probability of identity calculations will be discussed further later in this manual).   The user should check that the number of samples is correct before proceeding. 
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Figure 3.  Basic model outputs located on the “command” worksheet of GENECAP

Matching Genotypes

The matching of genotypes can be a difficult task when many loci and samples are used in the dataset.  GENECAP finds matching genotypes by comparing each allele of a sample to all other alleles in all other samples.  By comparing data in this manner, it allows the user to include missing data within the dataset.  Once a match has been determined the identification numbers of the matching genotypes are output onto the “matches” worksheet.  In addition, GENECAP outputs the type of sample, the capture occasion, and the match probabilities of a match (for details refer to the “Match Probabilities” heading).  Figure 4 shows the basic output on the “matches” worksheet.
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Figure 4.  Output of matching genotypes found on the “matches” worksheet in GENECAP

Allele Frequencies

Because we are using genotypic data to differentiate individuals, it is important that we determine how informative our loci are in determining a match.  Before we can make statistical calculations about the discriminatory power of loci (probability of identity), we must first calculate the frequency of alleles for each locus.  GENECAP calculates the allele frequencies by using the genotypes for each unique individual to prevent the bias of using duplicate genotypes of matching individuals.  The results of this analysis is output on the “frequencies” worksheet within the program and includes the name of the locus, all alleles for each locus, and the frequency of the alleles by locus (Figure 5).  
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Figure 5.  Example of allele length, frequency, and Sib P(ID), and HW P(ID) calculations for each locus found on the “frequencies” worksheet in GENECAP.  

Probability of Identity Calculations

The probability of two individuals within the population sharing the same genotype is referred to as the probability of identity (PI).  GENECAP calculates the PI using two different formulations.  The first formulation is referred to as the “HW P(ID)” on the “command” worksheet and is calculated for each locus with the following formula (Paetkau and Strobeck 1994):
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where pi and pj are the frequencies of the ith and jth alleles.  GENECAP calculates this value for each locus and outputs those values on the “frequencies” worksheet (Figure 5).  To obtain the overall PI value across all loci, GENECAP takes the product of PI values for each locus and outputs this value on the “command” worksheet in the cell directly right of the cell with the heading “HW P(ID)” (Figure 3).

Other researchers have demonstrated that this probability of identity (Sib P(ID)) value can be biased and alternatively suggest using the sibling probability of identity because it is a more conservative measure of PI (Waits et al. 1999).  GENECAP computes Sib P(ID) with the following formula (Evett and Wier 1998):
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where pi is the frequency of the ith allele.  GENECAP calculates the Sib P(ID) values for each locus and outputs these values on the “frequencies” worksheet (Figure 5).  The overall value of the Sib P(ID) is calculated as the product of all locus values and is found on the “command” worksheet in the cell directly right of the cell with the heading “Sib probability of identity” (Figure 3).  

In reality, the true probability of identity is likely somewhere between HW P(ID) and Sib P(ID).

Match probabilities

Because there is a probability of two individuals sharing the same genotype by chance, statistical rigor must be used for match declarations (Woods et al. 1999).  GENECAP calculates the probability that two individuals will have the same genotype under two different assumptions: 1) assuming Hardy-Weinberg equilibrium (PHW),  and 2) assuming that both individuals are siblings (Psib).  The Hardy-Weinberg probability of a match is calculated using the following equations
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where pi and pj are the frequencies of the ith and jth alleles.  These calculations are made for each locus and multiplied across all loci to output the final probability on the “matches” worksheet in the cell adjacent to the “HW probability” under each matching genotype (Figure 4).  

The Psib probability (Woods et al. 1999) is calculated with the following equation.
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where pi and pj are the frequencies of the ith and jth alleles.  These calculations are made for each locus and multiplied across all loci to output the final probability on the “matches” worksheet in the cell adjacent to the “Sib probability” under each matching genotype (Figure 4).  

The user can specify which match probability to use on the “command” worksheet by specifying either “sib” or “hw,” and can specify the critical level that the matches must achieve to be used in the capture histories.  

Capture Histories

Population estimation programs such as program MARK and program CAPTURE utilize a data structure referred to as capture histories to estimate population size (White et al. 1978; White and Burnham 2000).  The basic format of a capture history is a series of 0’s and 1’s indicating the absence (0) or presence (1) of an individual for each capture occasion in the dataset.  For example, the following capture history, 001011, can be interpreted as having 6 capture occasions and the individual was observed (indicated with the presence of a 1) on occasions 3, 5 and 6.  The individual was not observed (indicated by the presence of a 0) on occasions 1, 2, and 4.  All observed individuals in the dataset are given a capture history, regardless of the number of times they were observed.

To create capture histories, GENECAP uses both the matching genotypes from the “matches” worksheet and also the match probabilities also listed in the “matches” worksheet.  Woods et al. (1999) determined that an acceptable match probability was Psib < 0.05, but this value is set by the user in GENECAP.  If two genotypes match, but did not meet this match probability criterion, they were excluded from the capture histories as matching.  GENECAP allows the user to specify this minimum criterion for matching probabilities on the “command” worksheet in the cell to the right of the cell titled “match probability.”  After evaluating each matching genotype for this matching criteria, GENECAP then creates capture histories for all genotypes within the dataset and outputs these capture histories in the “capture history” worksheet.  The following figure is an example of the capture histories that are displayed on the “capture histories” worksheet (Figure 6).
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Figure 6.  Example of capture histories created in GENECAP for a dataset with 6 capture occasions.

The first thing to note on the “capture histories” worksheet is the presence of an identification number in column A (Figure 6).  This identification number is for the first genotype within a matching sample and excludes all other genotype identification numbers that match this first genotype.  A capture history is created for each unique genotype within the dataset.

Problem genotypes

One feature of GENECAP is the ability to include genotypes with missing information (i.e. no allele scores for some loci).  Although this is a nice feature, it also adds an additional complication.  This complication arises because it is possible for a genotype with missing data to match other genotypes that do not match each other.  An example of this can be found in Figure 6.  However, the method GENECAP uses to identify and deal with these ambiguous samples requires running the program multiple times.  Therefore, if ambiguous samples (problem genotypes) exist in your dataset, you must remove those samples from the dataset and rerun the program.  Repeat this procedure until no samples appear on the problems worksheet.
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Figure 7. Example of problem genotypes.

In Figure 7 we see a simple example of problem genotypes where we have 3 unique sample numbers of 1031, 1038, and 1061, denoted in Column A.  We can see that samples 1031 and 1038 match and samples 1061 and 1038 match even though there are missing values.  However, 1031 and 1061 do not make each other.  GENECAP recognizes these situations and outputs these problem genotypes (such as 1038 in the example) identification numbers to the “problems” worksheet.  GENECAP does not include these genotypes within any of the matches and capture histories, and allows the researcher the ability to further examine these samples to try and obtain more information.  

One and Two Allele Differences

Paetkau (2003) suggests that one way to identify genotyping errors is to carefully scrutinize the genetic data for genotypes that are very similar and only differ by one or two loci.  To assist the researcher, GENECAP effectively identifies both the sample identification numbers and the genotypes of samples that differ by 1 and 2 alleles.  Refer to Figures 7 and 8 for examples.  
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Figure 7.  Example output for genotypes that only differ by 1 allele.  Output includes the identification number of each sample, the multi-locus genotype, and the location where the sample was obtained. 
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Figure 8. Example output for genotypes that differ by 2 alleles.  Output includes the identification number of each sample, the multi-locus genotype, and the location where the sample was obtained. 

Outputs of this data can be found on the “one allele differences” and “two allele difference” worksheets within the program.

Also, the entire distribution of inter-genotype differences is output to allow the user to compare the shape of the distribution to that expected from high-quality samples.  

Clearing output

After analysis is complete, the user can click the “Clear Output” button in the “command” worksheet to delete program outputs.  If the user does not clear previous output before running a new or revised dataset, some of the output files may overlap with previous output and new results may be difficult to discern from old results. 

Trouble shooting

You may need to enable macro capabilities in Excel before you can run this program, especially if you are running Excel XP.  To enable macros click on Tools -> Macro -> Security…  Then, select either the medium or low security option.

If your allele frequencies are obviously wrong, you should check to make sure there are no samples listed on the “problems” worksheet.  If samples are listed on the problems worksheet, they must be removed from the data worksheet before the program will give you the proper allele frequencies.
Previous versions of GeneCap contained a bug where allele frequencies were only correctly displayed the first time the program was run after opening the worksheet.  This bug has now been fixed and users should download the newest version (1-2).
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