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Introduction: MateRx is designed and developed to be a genetic tool that will guide population management decisions. For every male/female pair in the population, MateRx calculates a single numeric index indicating the relative genetic benefit or detriment to the population of breeding that particular pair. This index, the mate suitability index (or MSI), is calculated from considering the pairs' mean kinship values, the difference in the male and females mean kinship, the inbreeding coefficient of the offspring produced, and the amount of unknown ancestry in the pair. MateRx is designed to simplify the decisions about which pairs should be bred by condensing all that we know about the genetics of a pair into a single number. 

Background:  With the advent of Population Management Plans in 1995, Lincoln Park Zoo began considering how more plans could be developed with less direct input from members of SPMAG. The general premise was to simplify the genetic aspect of breeding recommendations without compromising the underlying scientific rigor. This led to development of a pilot PMP for sunbitterns (1996), which applied a rating system (1-6 plus “don’t do it, ever”) to all possible pairs in the population.  This rating system, and a straightforward explanation, was distributed to curators with the only additional recommendation being the caveat that the population was growing rapidly and that space would quickly become limiting.  Curators generally embraced the rating system, jockeying amongst themselves for the highest rated pairs, avoiding low rated pairs, and being wary about producing too many chicks.

In 1997-1998, discussions at the SPMAG mid-year workshops and a series of ad hoc meetings led by Lincoln Park Zoo staff and involving SPMAG members from the Minnesota Zoo, Brookfield Zoo, and National Zoological Park worked to refine and test how the matrix values are calculated. National Zoo and Lincoln Park Zoo staff then worked to design and implement software that would produce the desired matrix values.

What It Does: MateRx integrates four genetic components into a single index; the Mate Suitability Index (MSI).  These four components are currently used by SPMAG members to develop pairing recommendations for SSPs and PMPs.  In decreasing order of “importance,” they are:

1. Change in genetic diversity associated with a given pairing.  "Delta GD" (( GD) estimates the population's change in genetic diversity when offspring are produced from a specific pair; a positive Delta GD denotes an increase in genetic diversity.  SPMAG and population managers currently evaluate this component by examining mean kinships of the males and females, preferentially picking animals with low mean kinships. The interactive portion of the GENES software is often used to identify pairings with the lowest available mean kinships (MK).

2. The difference in the genetic value (mean kinship) of the male and female. It is detrimental to pair animals with very different mean kinships because this combines under-represented gene lines with over-represented lines. "MK-diff" is the metric developed for MateRx to convey whether parental mean kinships are a combination of genes that are similar in commonness or rarity. 

3. Avoidance of inbreeding is a widely accepted strategy for genetic management. A high inbreeding coefficient is considered detrimental to the fitness of the offspring produced and the population as a whole.

4. The amount of unknown ancestry in the male and female. Population managers generally try to exclude from the managed population those individuals with unknown pedigrees. Parents with many unknown ancestors are given less priority than animals with completely known pedigrees.

Currently, SPMAG and population managers formulate the recommendation for a specific pairing by qualitatively evaluating each of these genetic parameters and the potential trade-offs among them.  In contrast, MateRx categorizes, integrates and weights the components to produce a single value or category. The categories and the weighting in MateRx are based on biological principles and on interpretation of current management strategies, but the underlying thesis is "Do no harm." The MSI values are labeled as beneficial (scores = 1, 2, or 3) or detrimental (scores = 4, 5, or 6) to the population.  Beneficial MSIs denote no detrimental effects from any of the four parameters; MSI values of 4, 5, or 6 indicate at least one detrimental effect.

MSI Score Definitions: 

1= very beneficial

2= moderately beneficial; 

3= slightly beneficial; 

4= slightly detrimental; 

5= detrimental, should only be used if demographically necessary; 

6= very detrimental, (should only be used if demographic considerations override preservation of genetic diversity per se).

- = so detrimental the pair should never be made.

Because the MateRx process is automated, the software is limited in several ways.  MateRx does not address demographics, behavior or logistics of a pairing; nor is MateRx intended for use with all captive managed species. Many species have unusual population histories and structures that require the expertise and attention of a trained population biologist; these populations may have characteristics such as few founders, many captive generations, extremely small numbers, or many unknown origins or parentage data that prohibit generic management.

How It Does It:  MateRx uses output from GENES (version 119 or later) to generate an individual score (1-6 and “don’t do it”) for each genetic parameter (i.e., Delta GD, MK Diff, and F). The component scores are determined as follows; 

Delta GD – The break point is “0” change in GD. Categories 1-3 each contain 33% of the range above the breakpoint and categories 4-6 each contain 33% of the range below the break point. There is no "NoWay" category.

MK Diff – The upper limit (top of 1 category) is set at the best possible (i.e. smallest) MK Diff from a pairing. The lower limit (bottom of 6) is set by the worst possible MK Diff from a pairing. The pairs only include those with inbreeding coefficients less than the threshold. The break point is the average MK Diff of all rated pairings. Categories 1-3 each contain 33% of the range above the break point and categories 4-6 each contain 33% of the range below the break point. There is no "NoWay" category.

F – The upper limit is set at 0.00. The lower limit is set at 0.1249 (or a user defined level). The break point is the average F of all possible pairs. Category 1 is limited to F = 0.00. Categories 2 and 3 are each 50% of the range between 0.00 and the break point.  Categories 4 – 6 are each 33% of the range between the break point and 0.1249 (or upper limit). A "NoWay" exists at a level established by the user (default is 0.1249). 

MSI – The MSI is a composite score based on the three scores from the genetic parameters above.  The MSI is determined by a set of rules developed by the MateRx design team and other SPMAG members. The rules are:

If all ranks less than 4:

MSI of 111 = 1, 222 = 2, 333 = 3

2. A rank of 4 on any of the components sets MSI>3.

3. A combination of 23X or 32X where X<4 is a 3.

Another way of stating the above is:

For all ranks less than 4:

If sum of ranks < 5, then MSI = 1; otherwise


If sum < 6 or 222 or GD = 1 or MK = 1 then MSI = 2; otherwise



MSI = 3.

For ranks with at least one 4:

If F = 6 or MK = 5 or 6 then MSI = 6; otherwise

If GD = 1, 2, 3 or 4 then MSI = 4; otherwise

If GD = 6, then MSI = 5; otherwise

If GD = 5 and F = 5, then MSI = 5; otherwise

If GD = 5 and F < 5, then MSI = 4

Unknown pedigree data – The three genetic components are calculated based on pedigree data. Unfortunately there are some cases for which parentage for an animal may be unknown; its offspring will then have partially known genomes. Specimens that have completely unknown parentage have no mean kinship to the population. (Assuming that ‘unknown’ is kept as ‘unknown’ when selecting the option in GENES) However, specimens with partially unknown parentage have the mean kinship resulting from the combined known parentage. The actual mean kinship were it known might be higher or lower. For this reason, specimens with partially unknown pedigree data are difficult to manage in a population because the unknown alleles may or may not be valuable.  In general, the management strategy has been to penalize specimens with high levels of partially unknown parentage.

  The strategy used by MateRx prorates the MSI for varying levels of partially unknown parentage:

If the offspring of the pair has –

Greater than 50% unknown genome, the MSI is ‘no way’.

50% to greater than 25% unknown genome, the MSI pairing is 6.

25% to greater than 12.5% unknown genome, the MSI pairing is 5 unless MSI is already a 6.

12.5% to greater than 6.25% unknown genome, the MSI pairing is 4 unless MSI is already 5 or 6.

less than or equal to 6.25% unknown genome, there is no penalty.

How To Use It:   Since the rankings of the pairings is largely influenced by how much of an individual's ancestry is known, the first step is to clean up the studbook and try to solve as many of the UNKNOWN parentages as possible. Follow the Studbook Keeper Data Entry Guidelines for recommendations on how to do this.

The next step is to export the appropriate data from SPARKS for genetic analyses using GENES. Run GENES (version 119 or later) with the letter 'M' in the command line (e.g. "GENES SUNBITTERN M").  The "M" will instruct GENES to produce the MateRx data file titled "Studbook.PMP" in the appropriate SPARKS folder. When running GENES, use the option to OMIT unknowns from the analysis. After running GENES, MateRx is executed by typing "materx" followed by the studbook name while in SPARKS directory.  To summarize:

1. Clean up as many UNKNOWN parentages as possible

2. Export data from SPARKS to GENES

3. From the DOS PROMPT SPARKS DIRECTORY (C:\SPARKS) type GENES <studbook name> M
4. From the DOS PROMPT SPARKS DIRECTORY (C:\SPARKS) type MATERX <studbook name>
MateRx first displays the “changing matrix” splash screen with information about the software.  Pressing any key prompts MateRx to ask for a studbook name unless already provided (enter SPARKS directory name, just as for GENES).  After the data are imported and calculations have been completed, the display moves to the 

Summary Statistics screen, which shows the number of pairs possible and the number that meet the default tolerances.  This screen presents the mean, maximum, and minimum values for F, MK Diff, Delta GD, and MK.  At the bottom of this screen the method used to calculate MSI is displayed.  Pressing any key moves the user to the 

MSI Matrix screen which shows the males across the top and the females down the left side. Unknown sexed animals are not shown. Use the arrow and page movement keys to scroll through the females and the <Ctrl> + arrow and page keys to move through the males. Initially the MSI values are shown, but which data are shown for each pair can be changed by typing various keys: 



'a'
displays ages (female\male)



'm'
displays MSI (the default)



'k'
displays % genome known of the offspring



'n'
displays inbreeding coefficient



'g'
displays delta gene diversity



'd'
displays difference in mean kinship

From this screen you can also access Find-A-Mate, which is a sort of a “super GENES” screen that allows the user to highlight an individual and then sort all members of the opposite sex on either F (labeled IC on this screen), MK, MSI, location, Delta GD or studbook number.  When this screen is first opened, males and females are listed as they are ranked by MK.  When F (Find-a-mate) is selected the center column changes. The value listed in the middle column is the selected specimen paired with the respective specimen of the opposite sex. The opposite sex rankings are from best (top) to worst.  Hit F1 for a list of options on screen organization. Hit escape to return to the Main Menu.

Main Menu screen, which shows the distribution of MSIs and offers seven options for further analyses.

Advanced Options takes the user to a menu that allows the user to view the distribution of each genetic parameter and to modify how MateRx calculates the MSI.  These options are part of the professional options and/or are designed specifically for testing how MateRx behaves with different datasets; most of them will not be available to the typical user.

Display Data By Individual presents a plethora of data, including MSI and the rankings for each of the separated genetic parameters (so the user can see why a specific pair has been allocated a given MSI).  This screen displays the values for all the parameters of every possible pair sorted by an individual male or female. To sort the specimens on this screen, hit “s” to sort by sires or “d” to sort by dams. 

Optimal Breeding Screen  displays an optimal set of ranked pairs. These are unique pairs - a specimen is only paired once in this set, but every specimen is paired if partners are available.  Depending on the structure of mean kinships (i.e., if there are lots of animals with similar mean kinships), there may be other optimal rankings with different pairings. 

Edit Definitions of Bins allows the user to modify how pairings are allocated among the seven categories for each individual genetic parameter – Delta GD, F, and MK Diff (bin refers to the rank category 1-6 and “no way”).  Each screen shows the distribution of values, max, min, and mean for the parameter, break point (=mid-point between 1-3 and 4-6), “no way” point, percentile distribution among the bins, cut-off point for each bin, number of possible (non-unique) pairs per bin (#), and percent of total pairs per bin.  At the bottom of the screen are the corresponding MSI rankings involving pairs for this parameter (for each bin). 

The user is asked to edit either values or percentages (or exit).  Each of these options takes the user to the Break Point/No Way Point box first, then to either the cut-off point for each bin or the percentage allocated to each bin.   To change either the values or percentages, the user must first consider whether to change the Break Point/No Way Points.

You can also edit the way MateRx penalizes unknown parentage. You can change what degrees of unknown receive different levels of penalty, or you can change the way MateRx penalizes different levels. There are two different ways it can penalize a pair with unknowns: It can increment the MSI (i.e. devalue the pair) or it can let the MSI be no higher than a certain level for a particular degree of unknown. You can toggle (type 'c') between these two methods to review the effects of both approaches.

Display Graphs allows the user to display a graph of the distribution of either Delta GD, MK Diff, F, or MK (or all at once!).

Select MSI Method is only for the design team and/or users who are familiar with the various MSI schemes.  The Tulsa method is the default (current preferred method).

Display Distribution of Ranks provides the distribution of values for the parameter, break point (=mid-point between 1-3 and 4-6), “no way” point, percentile distribution among the bins, cut-off point for each bin, number of possible (non-unique) pairs per bin (#), and percent of total pairs per bin.  At the bottom of the screen are the corresponding MSI rankings involving pairs for this parameter (for each bin) and the number of unique pairings per bin (=pairs)
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This version of MateRx is a SPMAG test version. The release version will have some options eliminated to simplify the software.  Please send comments, questions, and especially praise to Jon Ballou (e-mail:jballou@nzp.si.edu)with copies to Joanne Earnhardt (e-mail: jearnh1@icarus.cc.uic.edu). 

