Tree Breeding Tools (TBT)

Dag Lindgren, Department of Forest Genetics and Plant Physiology, Swedish University of Agricultural Sciences, SE - 901 83 Umeå, Sweden

The web site "Tree Breeding Tools" is a service to make programs and other tools available for free downloading. Most "tools" are related to Forest Tree Improvement and Forest Tree Seed Orchards, and in particular applications in quantitative genetic theory for tactic and strategic decisions. Collaborators or me (or both) have constructed most of the programs offered. It is my hope that this service will improve forest tree improvement and result in improved future forests, which hopefully will contribute to a better future World!

The programs together address key problems in forest tree breeding: how to combine information on environment, breeding value, genetic parameters, gene diversity, time, cost and technique into efficient tactic and strategic breeding decisions. TBT and its concepts have been developed with different collaborators and students, this interaction has - among other things - resulted in five recent PhD thesis (Andersson 1999, Bila 2000, Kang 2001, Olsson 2001 and Rosvall 1999).

Technicalities

The web structure can currently (2001) be found via http://www.genfys.slu.se/staff/dagl

Tree Breeding Tools is the most important part of this structure, which can be approached more directly at http://www.genfys.slu.se/staff/dagl/Breed_Home_Page/.

Some programs are subject for further development. A recently created file is rather likely to be the object for improvement and a new version may appear later. Old programs are less likely to change or be severely wrong, even if warnings appear within them. If a program is downloaded and used at a later occasion for an important purpose, it may be worth to check if a new version has appeared. Often older versions of programs are kept available, as a service for those who have not access to recently updated computer systems. They old versions may also be simpler as they offer fewer options. Currently the philosophy is to remove programs from 1997 and earlier, if there is a more recent which does the same thing. Usually the last edit of sheets and programs is noted in them. Currently (1997-2001) I use MS. Files edited after 01-03-16 use a computer upgraded to the latest versions available early 2001. Since 2001 I use FrontPage 2000 for managing the site. 

The user of TBT is allowed copying, using, developing, changing or extracting from the files and programs placed on TBT, if I have the copyright. For the case I do not own the copyright, it seems anyway likely this should be permissible. If results are used in documents, the author(s) may find it fair to make a citation. 

Mistakes occur, some formulas or interpretations may be erroneous. Sometimes mistakes are corrected in later versions. Please, focus my attention if any mistake is suspected. Off course I do not accept any formal or legal responsibility for anything, which may happen if you import the files or programs found on the websites or use them or let the suggested values or information lead decisions.

Browser and computer peculiarities

Much of what occurs on screen is related to the browser and other features in your own computer or server, and thus not controlled by TBT. Warnings may occur against loading files from a non trusted source. Advertisements rubbish may bloom. How the texts appear on screen may depend on local computer settings. Often the fonts and background colours are your own default. Non-Latin characters (e.g. Swedish letters and many symbols) may either vanish or appear odd. Features like an equation editor may not work. That may result in unfilled boxes (although some unfilled boxes may be made visible just by clicking on them). Screen size, screen setting and magnification influence appearance. Old computers had 640 pixels wide screen, now few do not have 800 and codes developed 2001 usually heads for 1024 or up to 1280. Programs written for old narrow screens may not fill modern screens. 

Some programs (like many EXCEL workbooks) can be run from the website. Sometimes it can overcome a compatibility problem to run the program from the web site. But usually it is not wise to run programs from the web more than for getting an impression of what they do, and it is sometimes impossible to run a program without downloading it. E.g. some programs create or change files, which an outside user is not allowed to do on our server. Some programs require support files to run, so be attentive to instructions and see that needed support files are downloaded in the same directory. Sometimes example files are supplied, which much facilitate the understanding.

It may be more or less easy to load files depending on your browser or your local IT-managers. The files themselves may not be interpretable in the intended way in your computer with its current settings. It is quite likely the programs themselves work fine, even if some of the "pedagogical" output does not work.

The content on levels closer to the root (below)  /DAGL and dagl/Breed_Home_Page/  may be set to be invisible. The files are currently available on a server Picea in the domain Skogum/Webum at "Skogis", Umeå, Sweden.

In end of 1999 TBT got around 5 visits per day average. Since that, the web-site was reorganised as a part of our departmental web and made more complex. Now it seems to get around 1/4 of the total number of visits to the departmental web structures and around half of the visits to the pages allocated to individuals at the department (75 persons). TBT is not very visible on the world wide web, and does not get a high score by most webcrawlers. But some search machines searching for “tree breeding” regards it as the second ranked web site (replications and irrelevant hits not counted).

At 1997 files and directories connected to TBT were at the servers Mendel and Linne. In the end of 1999 they were moved to Picea. Mendel and Linne do not exist any more.


Viruses and bugs 

Viruses; bugs; worms; Trojan horses or other creep may spread via a site for file and program distribution. If download or execution or open macros derived from TBT, probably the browser or another system component will issue a warning or even forbid the operation. If the macros are disabled it is unlikely the programs will work!!!  TBT is now (2001) hosted by the web-server of “Skogis, Umeå” (that server is supporting 350 employees) and is claimed to be frequently searched for viruses with late search programs. Old files ought to be safe, while those done the previous weeks could suffer from some yet undetected infection. A word about macros. The EXCEL workbooks and some other programs will not work if the macros do not work. When loading the programs the macros may become disabled. If so you may see the message “NAME?” in EXCEL on places where macros (e.g. functions) should work. You may be tempted to disable macros when loading from the net or as you computer is set for a high security, but if you do that, it will probably not work!  Nowadays the safety on your computer may be set so it seems impossible to download as TBT is not trusted. It ought to be possible to instruct your computer to regard TBT (or genfys.slu.se) as a “trusted source”, information on such procedures is available on TBT.

EXCEL workbook programs 

EXCEL is often used on TBT. EXCEL is available on many computers all over the world and most forest tree breeders and forest geneticists have access to it. EXCEL can host lots of explanation close to the actual operations, thus the operations can be made rather transparent. As little of is hidden the user can reconstruct the operations in detail. Many formulas are given explicitly, thus the sheets can be used directly as formula collections, and sometimes the sheets may have other information embedded. The sheets are open and can be further developed by the user to fit better for the special application in mind. EXCEL functions (like “SOLVER”) can be run. The results of a series of runs can be written directly and more or less automatically in the workbook. Experimentation with rewriting the workbooks is encouraged. It is true that their function can be destroyed, but it is easy to download a new fresh version instead of the damaged one.

Your machine may not be compatible with modern EXCEL versions or does not work with the TBT files for some other reason. Do not give up understanding too soon! Is all explaining text read? Maybe you are in the wrong sheet in the workbook? Clicking at the bottom menu changes sheets! Or you may not have looked at the right place of the sheet (sometimes the curser is left on the net so one enters it on an unintended spot); you may be able to see only a part of the sheet, in particular if you have a small screen or a high magnification setting. The magnification can be changed, try to look at the sheet in a sufficiently small scale so all of it can be seen. Something important may be missed, if the whole sheet is not searched. One useful question when a result appear, which does not seem appealing, is if the problem was properly addressed. A common mistake in science is to get the right answer on the wrong question! There may be more information elsewhere, so try some trial and error before quitting!

Changing cells meant for output (usually indicated by blue colour) destroys the function of the workbook. Usually nothing prevents from inserting "impossible" entries. This is a common reason for odd; not interpretable; or absence; of results. You can insert big values or get output with many digits, that often results in confusing symbols on the screen in spite of that everything actually works. A remedy may be to widen the columns where the problem appears. Language settings may cause problems; e.g. EXCEL in Swedish setting may appear “too stupid” to recognise “.” in new entries as decimal separators. This can be remedied by definitions (from the Windows operating system by regional settings in the control panel), but still my impression is that program developers often do not comprehend all type of problems met by different flavours of non-Americans.

The EXCEL (.XLS) files were developed as workbooks for Windows. The sheets often also contains insertions, e.g. from MS Word or MS Equation, these are not essential for the function, but may be relevant for the understanding. E.g. MS Equation editor may not be installed into the host computer, and when empty boxes may appear, which contain useful information for others. A Mac may add to these transcription problems. Old versions are sometimes kept on the site for some time. Even when I use a modern program, it often initially was developed into an earlier version, and the memory of that may remain in some code.

I guess the files can be helpful if you adapt them to own problems, even in the case you can not use the worksheets as they are organised. If you understand how the worksheets work, you may extend or fine-tune them to your own problem; they may serve as useful templates for further development. They are also intended to serve a pedagogical purpose; they offer a way to understand concepts I feel important. They may even serve as collections of relevant formulas.

Genetic particulars

In the genetic programs usually only a single character on a single site is considered. This "character" can, however, be an index considering several characters, sites and tests. Thus, the limitation to a single character is not as severe constraint, as it may appear at first sight. 

The programs contains many explanation and efforts to make it clear why the relationships appear in the way they do, but the purpose of the workbook is still more often to carry out calculations than proving the theory behind. Thus there is sometime necessary to go back to the original papers to get a full understanding. Usually references are given.

The programs use input, of course the programs cannot be better than the input, thus unreliable or unknown inputs cannot be compensated by sophisticated calculations. However, varying the input can test robustness against assumptions. The programs can be used to make predictions. Very often in forest tree breeding forecasts cannot be made based on reliable experiments. Experiments are too time-consuming and too costly; environments and silvicultural methods changes. Thus decisions has to be made

Major programs and some comments


Describing environment

Temperature and day length are key elements in environments. The Swedish breeding program uses temperature and day length (=latitude) as a basis for sharing the breeding population in subpopulations (e.g. Ståhl in this volume). Numeric values for these factors can be calculated as a function of coordinates of the site and the time.

TEMPRED.EXE

The expected temperature and the expected accumulated temperature sum are obtained as a function of latitude, elevation, country and (for temp sum) threshold temperature. A library file is needed to run the program; it should exist on your computer installation, but is available for downloading. The calculations are based on regressions of latitude and altitude calculated form official weather statistics from meteorological stations of forestland in Sweden and Finland during 1961 to 1990. The material, calculations and algorithms used are tabulated and documented in Lindgren (1994). Lindgren (1994) deals much with the problem at what date an accumulated heat sum is attained. These documentations may also be downloaded. There is also an essay about the temperature at the Sävar experimental station, giving correction factors, so the temperature at Sävar can be derived from the temperature at Umeå airport.

DagL.exe

The length of light and dark period of the day is given as a function of date and latitude (and some other factors).  Some relationships can be expressed as tables on file.  The algorithm was described in and appendix to Lindgren (1993).

Sites, Range, Adaptation and Number

Regeneration materials are tested and used over a range. On TBT are some tools connected to problems like: genotype by environment interaction; response surfaces; adaptation patterns; range over which materials can be used; number of test sites; number of test plants, these tools may be helpful when genetics over a range of environments is considered.

sites.xls
In setting up genetic tests, number of test plants and number of test sites are chosen, this program suggest suitable values. The program assumes (like a breeder) that the objective of the test is to maximize the breeding value of entries selected based on test data. The smaller the interaction between entries and test sites is, the fewer tests sites are needed. The cheaper it is to distribute test plants over many test sites, the more sites will be used. The optimal number of test plants per site does not depend on the resources available. Thus the optimal allocation of resources is to spend all extra resources on increasing the number of test sites; none of the extra resources should be spent on increasing the number of test plants per site! (Lindgren 1985). 

ADAPTATION.XLS
A genetic material used where it is not perfectly adapted causes a loss. This workbook evaluates the size of this loss on a site and over a range. Such considerations are helpful to evaluate the suitable range of seed zones. Seed orchards are composite genetic material, where plus-trees have been recruited from an area rather than a spot, and thus have adaptation patterns, which differ from that of a natural provenance. Thus they have a wider range of adaptation but are not perfectly adapted for a particular site. They represent a genetic gain, and will thus be superior to the local provenance within a range of sites. (Lindgren & Cheng, 2000). 

Selection in normal distributions

To predict the effects of selection, it is helpful to study what effect selection has in a standardised normal distribution (“the ideal case”). For  “genetic gain” predictions, the “selection intensity” is essential. The program SELEINT2.EXE calculates selection intensity for values derived from a normal distribution. Selection intensity when the j top ranking out of n normal distributed values are selected can be derived. The program can generate normal order statistics ("rankits") on file (the expected values of the j: th highest ranking value out of n); these can be seen as "selection intensity" (used in breeding value prediction) for an individual selection. These values are useful as “typical” values to use for illustrating the likely outcome when an algorithm is applied to real data.   More about algorithms and typical output is available in Lindgren and Nilsson (1985) and Lindgren and Bondesson (1987).

The program SELENOR3.EXE calculates optimal contributions (= linear deployment, see below) and characteristics of that, when values for genotypes are distributed as a normal distribution. Another useful statistics for predicting genetic gain is additive genetic variance, this is reduced by selection, and the program predicts how much. Some output from SELENOR.EXE and more information about what it does are available in Lindgren and Bondesson (1990) and Lindgren (1991).

Concepts group coancestry, status number, effective clone number, gene diversity, group merit selection and group merit progress

Gene diversity is a buzzword, but breeders have difficulties to deal with the concept. As far as the type of gene diversity, which is connected to the increasing relatedness and the associated chance that genes are identical by descent, is concerned, TBT offers options and concepts to manage gene diversity. Some central concepts are mentioned here. Group coancestry of a population is the chance that two genes taken at random (with replacement) from the population are identical by decent. Group coancestry can be viewed as “latent inbreeding”. Diversity means that things are different and gene diversity means that genes are different. Gene diversity is here defined as the probability that genes taken from a population are not identical by descent (thus diverse).  Concepts referring to relatedness (like inbreeding) are relative and need a reference. For forest tree breeding the wild forest, from which plus trees were selected, often constitutes a relevant reference. The major interest is how forest tree breeding is influencing this “initial” genetic diversity. Group coancestry is the fraction of gene diversity lost since the initiation of forest tree breeding. Status number is a way of expressing group coancestry as an effective number. A review of the concept has been made by Lindgren and Kang (1997). Status number is the half the inverse of group coancestry. An attractive property of the status number is that it is the same as the census number for a population of unrelated, non-inbred individuals. Status number is an intuitively appealing way of presenting group coancestry, as it connects to the familiar concept of number (population size). Status number has similarities with “effective number” in the classical sense as it predicts inbreeding following random mating. We can talk about “effective number of clones” in a seed orchard when clones are represented with different ramet number (cf. Kang et al 2001). It is the status number of the clones for unrelated and non-inbred clones where each ramet is given the same importance.  Group merit is the weighted average of breeding value and gene diversity for a population. Group Merit Selection is selection, which aims for maximising group merit (this maximisation is mathematically difficult and I believe no method which can generally find the maximum in a reasonable amount of time is possible, the methods suggested in TBT are just approximates. The goal of breeding may be set as maximising Group Merit Progress per time at given cost (Wei and Lindgren 2001). TBT has different tutorials, (texts, demonstrational programs, slide shows) to clarify these concepts and even to make numerical calculations of the values for some cases. 

Gene drop analyses

EXCEL workbook “retention2000.xls” aims to perform gene drop analysis. Leopoldo Sanchez- Rodriguez constructed it. Gene dropping refers the destiny of copies of individual founder genes when dropped through a genealogy, not only the risk of loosing founder genes, but also how likely it is that they appear in different number of copies.

Linear deployment

Linear deployment means that clones are deployed to a clonal seed orchard with a ramet number (as a prediction of reproductive success), which is linearly related to the breeding value of the clone (as long as this gives a positive number of ramets) (Lindgren and Matheson 1986). The idea that it may not be optimal to have the same representation of all clones in seed orchards, was initially presented by Lindgren (1974). It is possible to generalise linear deployment, but this is not done on TBT. This procedure optimises the expected relation between genetic gain and “effective number of clones” in an orchard at establishment or genetic thinning. Effective number of clones is a relevant measure to predict selfing and gene diversity of the orchard crop. I do recommend linear deployment where breeding values of clones are available. It boosts the gain about 5% at the same effective clone number compared to the conventional truncation selection and in the same time extend the lists of represented clones. Linear deployment is also worthwhile for genetic thinning of seed orchards, when an upper constraint can be applied (number of ramets before thinning) (Bondesson and Lindgren 1993) and for deployment of clones to clonal forestry (Lindgren, Bondesson and Libby 1989). LINEAR_DEPLOYMENT.XLS is an EXCEL workbook made 1997 with linear deployment algorithms. It has the dual purpose to explain the algorithms and to facilitate for others to use the algorithms for their material by supplying worksheets. Actually every linear deployment is in a sense an optimum under some circumstances, the method of the worksheet may be formulated as identifying the problem, which corresponds to the solution, and when - by trial and error (iteration) - identify the right problem. In LINEAR_DEPLOYMENT_2000.XLS the worksheet for establishment of seed orchards is improved and minor changes been made in other sheets, the improvements are mainly cosmetic. It may be of interest to look at the consequences of linear deployment on normal distributions (Lindgren 1991 and 1993). SELENOR3.EXE does that.

Status.exe

A program for calculation the status number (and thus also group coancestry) was developed on New Zealand by Gea, Jefferson and Weaver (Gea 1997). The input is a text file with genotypes and their pedigree back to the founders.
Group merit selection

Group merit selection was developed for forest tree breeding by Lindgren and Mullin (1997) (although they initially called it "population merit selection"). The idea is to consider both gain and gene diversity (relatedness) when selections are done. The input is the breeding value of the candidates, the coancestry among the candidates and the desired weighting of gene diversity versus breeding value. The group merit selection principle was used by Thuy Olsson (assisted by Peter Lidström) to construct a program with a user-friendly interface named “Selection Tool”. The program also has an option to consider only cross coancestry, thus the average coancestry excluding self-coancestry can be weighted against breeding value. Some applications are found in Olsson (2001). Selection tool has been used to suggest the best choice of clones to orchards, where candidates are related, by balancing the inbreeding occurring after selections of relatives to the higher gain achievable if some relatedness and subsequent inbreeding is tolerated in the seed orchard. The program is somewhat simplified compared to the algorithm used by Lindgren and Mullin (1997), it runs only a single iteration and does not certainly consider arbitrary relatedness, but it is likely to find the optimum for all situations of practical tree breeding interest. 

Seed orchard manager

This is an EXCEL workbook (ORCHARD MANAGEMENT.XLS) concerned with number of clones in clonal seed orchard and how this and other interacting factors influence the seed crop. This program calculates gain (breeding value) and status effective clone number (=group coancestry; gene diversity) depending on the number of plus tree clones used as seed parents and as pollen parents (they may be different or partly overlapping). Male and female fertility (reproductive success) may be correlated. Pollen contamination is considered (both amount and genetic value). The clones may vary in fertility and the magnitude of variance may be different for seeds and for pollen.

Thoughts resulting in the program were presented by Lindgren (1974) and Lindgren and El-Kassaby (1989). I wrote a simpler version 1997. Kyu-Suk Kang and I have developed the program further and taken new features into account till 2001. The workbook is organised so that there are three progressively more advanced worksheets as well as one mainly for domestic Swedish use about selective harvest. The theoretical foundation for gene diversity of seed orchard crops were developed by Lindgren and Mullin (1998). This and other background for the program is developed and described by Kang (2001) in his PhD thesis. One of the studies is focusing on the structure and results obtained by this program (Kang, Lindgren and Mullin 2001). There are a number of exercises constructed specifically to train to use this tool; they can also be found in the workbook itself.

Gainpredictor

GAINPRED is tool to evaluate tree improvement practices regarding breeding value, gene diversity, genetic parameters, between and within family selection, breeding strategy (technique), cost, time (progress of genetic gain and group merit over time) and relatedness. GAINPRED evaluates suggestions of production population (seed orchards, clonal forestry). You can yourself search for something appealing or which constitutes a reasonable use of resources or check how the current strategy works. “Gainpred” focus on short term breeding heading for a forest generation material within a limited time, typically starting with plus tree selection and ending with a seed orchard. For questions focusing on long term breeding, “breeding cycler” is a better choice of program. There is a simple and old version GAINPRED.xls and a more advanced version. GAINPRED is actually more a deterministic breeding simulator than just a gain predictor (the name has hanged on while more aspects were given to the program). There are some examples, which may help you to better understand GAINPRED. The genetic gain of different breeding alternatives are compared based mainly on calculations by Lindgren and Werner (1989). Cost features are exemplified by Lindgren, Wei and Lee (1997). Group merit progress per year is a new feature, which was introduced by Wei and Lindgren (2001).

Breeding cycler

The answer for the best selection strategy as regards genetic gain, gene diversity cost and time can be found by experimenting with BREEDING_CYCLE2001.XLS. It is a deterministic simulator aiming to compare strategies for evaluation and selection to the next generation of the breeding population in a long time cyclic breeding program. The simulator evaluates one full breeding cycle from mating of the breeding population till mating of the next breeding population. The simulator can handle (1) phenotypic selection, (2) clonal test and (3) progeny test. The simulator compares simultaneously gain, gene diversity, cost and time for given parameters, like genetic variance components, cost components, time components and selection strategy. Thus it is possible to search for a strategy, which combines highest annual group merit progress with a fixed annual budget. That is actually my formulation of a tree breeding specialists major job. By a combination of trial and error, common sense and optimisations for part of the problem long term breeding strategies can be suggested or evaluated. BREEDING_CYCLE2001_2STAGES....XLS considers also selection 
Tutorials

Many of the programs contain much tutorial material themselves within the individual programs. There is tutorial material on TBT, like a minicourse in “quantitative genetics”, a PowerPoint presentation of TBT (this paper is based on that lecture!) and different collections with examples (e.g. EXCEL files with coancestry matrixes). There are tutorial examples and programs in the site (sometimes within the programs) to help understanding and learning the programs and concepts at TBT.
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