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Summary
· DPM can remain as a general main mating design; 

· SPM is sufficient for forwarding breeding and can be used in low input situations or in lower strata of the breeding population; 

· If one DPM fails, but parents still get progeny in one cross it is not worth delaying the crossing effort to complete the scheme, but the number carried on from each cross to next generation may sometimes be increased;
· “Progeny testing” by SPM is not bad and DPM better, polymix is not that important for reasonable good progeny testing.

· It is discussed if selections in open pollination progenies can help the situation if no cross progeny was obtained.

Introduction
As a part of a revision of the Swedish Breeding Strategy I was asked to give views on the regular mating systems used in breeding and how to handle situations where one or several matings fail. The considerations discussed are not fully covering, there are other documents dealing with e.g. unbalances and increasing the number of parents per grandparent which may results in suggestions different than forwarded here. The standard model in the current Swedish model is double pair mating followed by selection of one individual from each family. Thus each breeding individual is mated with exactly two others (Double Pair Mating, DPM) and get exactly two offspring in the next breeding population. It would be simpler with Single Pair Mating (SPM), where each breeding individual get only one mate, and thus no half sibs appear. This study mainly discusses minor deviations from the DPM scheme, not major. 
Advantages of DPM over SPM are 

· A higher connectedness will usually occur, which makes it possible to use information from all the breeding stock more efficiently when calculating genetic parameters like dominance variance and breeding values. The value of this added information is often not important; the gain in information is small and can not be used if parental balance is applied. The DPM can be done in different ways, and in itself does not guarantee a good connectedness. 
· Specific combining ability and maternal effects can be better evaluated and utilised. However, the estimates of the influence of SCA versus GCA will be highly uncertain and contribute little to the gain. Specific combining ability appears rather unimportant in most Swedish cases, which reduces the relative advantage of DPM over SPM. 
· For unbalanced selection, more of the between family variation can be utilised. Use for seed orchards and clonal forestry can be predicted to be unbalanced. PAM reduces this advantage, but as PAM in one generation may not be perfectly reflected in the next, some of the advantage remains. 
· Better BV estimates for the parents, and as the parents are seed orchard candidates, slightly better seed orchards are likely. 
· Slightly better BV estimates of progeny and slightly larger genetic variation. As progeny are seed orchard candidates and clonal forestry candidates and family forestry candidates, slightly higher gain transferred to the forest can be foreseen.

· More families to choose among which could mean a slightly higher gain if family forestry with tested families becomes important, but this scenario does not seem likely.

· Higher robustness, thus even if some crosses fail or are not realised, still parental genes will be transmitted, and the chance is higher that a crossing program need not be extended more years. 
· It has advantages if an individual is used once as a mother and once as a father. If crosses are done with similar samples of male or female gametes, maternal effects or just “after-effects” may be interpreted as breeding values, but if both gender are as common, such effects level out. With SPM probably always a genotype is only represented by one gender.
Advantages of SPM over DPM are:

· A slightly higher selection intensity at a constant breeding population size over generations (thus the single best of 50 is not expected to be as good as the average of the two best of 100). 
· Positive Assortative Matings can be easier implemented, and thus the breeding population easier structured to support mass production population. 
· The relatedness pattern will be less complex and more manageable. 
· SPM is the simplest possible mating design. 
· SPM is the easiest design to set up, DMP is more difficult to implement and less flexible and may not be perfectly realised. 
· SPM may be the most efficient design for some cases and is not expected to be bad for any realistic situation. 
· Cheaper (half as many crosses). 
· Somewhat simpler field design (half as many entries). 
· In scenarios where the breeding population is expended far above the number of founders, or include many founders, SPM is interesting. 
No of the reasons mentioned is expected to be quantitatively dramatically strong and the preference of DPM or SPM is not critical. 

DPM and SPM?

DPM (or still more mates) can be reserved for parts of the breeding population where the value density is high and SPM in less valuable strata. Strata may refer to species (Norway spruce and Scots pine are high value and most deciduous trees low value) or shares of the breeding population. If a large breeding population is desirable at a small effort, SPM seems the best option. If costs or availability of genders or genotypes is different, one can think in terms of ½DPM, thus some genotypes get two mates and some one, e.g. the same pollen is used for two females.
If DPM fails? 

If a planned DPM scheme is not filled, but all parents are represented in crosses, it is not worthwhile to wait years to fill the design. But to make the selection more efficient and optimal, the number of selections per family and family size could be adjusted (in principle double as many selections from SPM families as for DPM families, thus two selections instead of one, but in a more complex world, more sophisticated adjustments has to be considered).

SPM and DPM for parental testing

It is an old prejustice that SPM and DPM do not give useful information about the parents, although it was demonstrated by Lindgren (1978) that they give rather efficient information (Figure 1 and Table 1). Otherwise untested parents to SPM and DPM families cab be used into seed orchards and be regarded as rather well tested, and a substantial gain will occur based on selection among those tested breeding population members. Thus a breeding strategy based on selection of unreplicated phenotypes which are crossed with SPM or DPM can support a seed orchard program using tested clones. The dependence on test reliability vs variance components and family size is tabulated in Table 1. The math is developed in more details by Lindgren (2009). To get sufficient reliable testing it seems to be motivated to h ead for at least 50 living progeny to each parent.
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Figure: Example of expected gain following selection on estimated breeding value with Pollen mix (PMX), Single Pair Mating (SPM) and Double Pair Mating (DPM). Note that the pollen mix does not give that superior estimate of breeding value.

Table: Expected correlation between true breeding values and estimated breeding values as a function of dominance variance, environmental variance, family size and number of crosses per parent. More details on math in a document about “polymix” (Lindgren 2009).
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  Your machine may not be compatible with the modern EXCEL versions or does not work with my files for some other reason. Do not give up understanding too soon! Did you look at all explaining text? 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; 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 (you can change the magnification yourself). You may miss something important, if you do not search over the whole sheet. There may be more information elsewhere, so try some trial and error before quitting!
  If you change cells meant for output, that harms the function of the workbook. Usually nothing prevents you from inserting "impossible" entries. A common reason for odd, not interpretable or no results is that an unreasonable value has been entered. You can insert big values or get output with many digits, resulting in confusing symbols on the screen in spite of that everything actually works and you can see the results if you widen the columns. Language settings may cause problems; e.g. EXCEL in Swedish setting does not recognise decimal points (program developers often do not comprehend all type of problems encountered by different flavours of the majority of the world which is not English).
  One useful question when you get a result, which does not appeal to you, is if you have addressed the right question. A common mistake is to get the right answer on the wrong question. Also you may sometimes distrust your intuition. Sometimes I have found that results I regarded as contra-intuitive were right, and when I learned something.
Why EXCEL?
EXCEL is available on many computers all over the world and most forest tree breeders and forest geneticists are able to use it, so I guessed the best way to create generally available tools was to use EXCEL. 
The EXCEL (.XLS) files were mostly 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. A Mac may add to these transcription problems (we use MS). In mid November 97 we started using EXCEL in 97 years version. New programs and updated versions of the old are made in 97 version of EXCEL, but old versions are sometimes kept on the site for some time.
I guess the EXCEL work books 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.

The main aim of the sheet is to compare different ways of making crosses including parents in polycross.
Formulas may be used  for many other purposes also

The worksheet can be used for optimisation in cominations with trial and error or "Solver".

Assumptions general for this workbook

Initial trees are in genetic equilibirum (origin from the same population)

Pollen contamination (gene flow from sourrounding) will not be considered in this workbook.
All trees are equally reproductively successful in seed orchards
- three sources of variance are considered: additive, dominance and environmental.
- one test site (i.e. no G x E interaction).
- no C-effects (e.g. maternal or cloning effects).
- average breeding value of founders is 100% (or, differetnly expressed, 0) 
- the reduction of variation by selection is not fully accounted for, the effect is probably minor.
- the goal character is known and the correlation  (in the full population) between it and observation character is known and here described as J-M correlation 
Trees are related only as sibs if they belong to the same family.
Some of these simplifications are unimportant, some can be relaxed, for some it is possible to extend the theory to more general conditions.

The initial settings (i.e. the settings present on the web)  usually carry messages. The intention is that the initial settings should be reasonable and in the same time should result in similar costs, the same number of plants used and the status number for the alternatives.

Downloading
On my web-browser, when you point at a link, which will leads to a file, right-click and when select "Save Target As ..." to download. On some modems downloading may be too slow.

Macros
Macros must be enabled to run the worksheets. A reason for the appearance of NAME? is that the macros do not work. When importing EXCEL sheets, macros must be enabled. It seems to be a function in EXCEL Tools - Macro - Security, which can switch off "unsigned non authorized" macros, if this happens this security feature must adapted to the need of running these macros.

If cells do not show numbers, it can be as you inserted an unreasonable value. Or it may just not be space enough for the value.

The macros may not be enabled.

 You may look at the wrong place of the sheet.

This simulator was developed by Dag Lindgren (dag.lindgren@genfys.slu.se). The main job was made 2007.  The last edits to this workbook were done in 2007. The current version was made in MS EXCEL 2005 for Windows.

Formula presentation

The intention is to present formulas several times: in a comment in the cells , which are derived from the formulas;  in  an explanation sheet; and in a cell to the left or right of the cell with the formula. It would be best to have them in a comment, but stupid EXCEL does not permit copying into comments with formats and have not sub and sup as optional buttons!

For the cell comments formulas (for convenience) are in an abbreviated form.
Formulas in cells can be read directly from the EXCEL cell pointers but that is difficult to follow
There is often no equal sign and no left part (often the symbol can be found in the column or row heading). 
sA2  is often ommitted as it is = 1. Note that the formula for gain used here usually is

i(NMo,N) (e.g.) reads selection intensity when selecting the best mothers among the initial trees.

To insert formulas makes it easier to check the worksheet and also easier to use the work sheet as a type of formula collection.

Helpful comments in constructing this workbook has been obtained from many persons during the time. Through the last years can be mentioned  and Ola Rosvall.

Changes in the worksheet which affect the results were done in October 2002. Some results earlier may be misleading.
The changed cells with formulas or values are indicated by dotted background in hte concerned cells.
The changes are as follows
Alternative 3, adjustment for unimproved fathers
 S31:T38 were corrected 
L38 become 1 instead of 0.1 as it is relative to mature variation and not absolute
In all alternatives the figure and the age dependence was not based on selection intensity. This means changes in S19; S28; S38; S50; S61

The red figures with yellow backgound are under costumer control. The inputs which controls this deterministic simulator.

The red figures in italics are better not to be changed unless you are confident in what you are doing! But once you understand the more sophisticated details of the worksheet you may find it very useful to be able to control these.

Bold values in blue with yellow background are considered main result. Do not change blue values, because when the workbook will not work!

Unbolded values in blue are considered minor or intermediary results. Do not change blue values, because when the workbook will not work!

refers to variance components of the observed (measurement) character (or index)

Additive variance, it is often convenient to keep this constant at 1

Dominance variance
A suggested relevant typical value may be 25% of the additive variance. But this may vary with the circumstances.

Environmental variance. It could be convenient to give it a value so heritability becomes an even number.

Total variance among trees  (thus the sum of additive, dominance and environmental)

Heritability in narrow sense

Heritability in broad sense

Alternative 1
Parental testing, evaluation of parents based on the performance of their progeny, "progeny-test". This can be done e.g. by wind-pollination in the forest or polycross in a clonal archieve. The parents are ranked based on the performance of the progeny.

This is the number of plants in a half-sib family.
Suggested initial setting is 25

a1 and a2 are introduced mainly to divide the very complex formula in managable pieces, but a1 and a2 may be interpreted in terms of variances and covariances and their quotient in terms of genetic correlations. See Explanations for more detail.

This is the correlation between the breeding value (additive genetic value) and the index used for estimating it. The gain is proportional to this correlation.

Note that in this alternative both parents to a full sib family get the same breeding value. Thus a good parent may be lost because it was mated with a bad one, and a bad parent may get selected because it was mated with a good one. As it is SPM, parents are included in only a single mating.

This is the number of plants in a full-sib family.
Suggested initial setting is 25

Dag Lindgren:
As selection actually takes place in pairs of parents, this may eaually way be considered as choosing half as many pairs among half as many candidate pairs, but this is (almost) the same selection intensity, so it does not matter.

This is the correlation between the breeding value (additive genetic value) and the index used for estimating it. The gain is proportional to this correlation.
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rtm versus number of pollen parents in a polycross for a typical case VD=0.25VA; VE=5VA; family size 50
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Potential gain (r tm ) selecting test ed parents with  different methods (Polymix, Single Pair Mating and  Double Pair Mating)  at typical values :  family size =50; 
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Potential gain (r tm ) selecting tested parents at  different number of pollen in the polymix cocktail  at typical values :  family size =50; 
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Potential gain (rtm) selecting tested parents with different methods (Polymix, Single Pair Mating and Double Pair Mating) at typical values: family size =50; 


[image: image1.wmf]2



2



2



2



5



;



25



.



0



A



E



A



D



s



s



s



s



=



=



.


_1235364629.unknown







MBD0104116A.unknown



MBD01A3A893.unknown



MBD01A3A993.unknown



MBD01A463F0.unknown



MBD01A3A992.unknown



MBD01A33ED2.unknown



MBD01A3A892.unknown



MBD01A16F24.unknown



MBD0082AF62.unknown



MBD0083997B.unknown



MBD01041169.unknown



MBD00836D2F.unknown



MBD005D875B.unknown



MBD0082A3F9.unknown



MBD005D827F.unknown



MBD0010804E.doc

Potential gain (rtm) selecting tested parents at different number of pollen in the polymix cocktail at typical values: family size =50; 
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