Kerr et al, mate allocations
Hi friends,

This is an extension of a on-going discussion, but I thought I should share my thoughts in somewhat wider circles. Some of you may be a little confused and this is more of information than discussion.

Kerr et al 1998 article is attached and Kerr became actualised as he is a teacher on some AsReml course in Raleigh in some months (with links to the TREEPLAN-package which Swedish breeders has bought). I thought I should look in it and comment about it.

It presents many good ideas and is an effort to implement animal breeding thinking into forestry breeding. It should have been followed up more by forest breeders and at least been pointed at more often by me.  I looked at it recently before deciding not to cite it in our first study, which I now have second thoughts about, so I write a citation to the second study. Maybe it also contributes that I was lazy, it is not that easy for me to get into the details of the study, but now I decided it was worth it. I make mistakes and may have misinterpreted something but this is a ten year old study and it need not be a perfect summary except what is cited or actually used, so avoid to comment on this.

Jon mentioned the article recentlly  (I replied too fast, but if I had not I had not been motivated to look more into it) and Ola has mentioned it some month ago. So thank you for that. Much of the paper is in line with my thoughts, I got an acknowledgement, so the study has not been unknown to me, but you look at a manuscript and when it takes a year till you see it in print and when it has sunk down.

The paper cites (among others) Kang, Mullin, Lindgren, Wei, Rosvall

Inbreeding
Kerr and the other authors are animal breeders by training and one important difference between animal breeding and forest tree breeding is that in animal breeding the recruitment population is a large segment of the production population, so the actual production (say of meatproducing pigs) of the recruitment population is an important concern and it is very evident and a very well-established that inbreeding is bad in the production population and should be avoided. In forest tree breeding the production of the breeding stock is not important and a rather irrelevant issue. Thus the most important reason for minimum coancestry mating by animal breeders do not exist for forest tree breeders, and they should think two times before jumping into it. Even on a longer perspective it has been natural for animal breeders to think in terms of accumulated inbreeding. In Kerrs study he focus on how inbreeding accumulates. For animal breeders accumulation of inbreeding in long-term breeding is generally a less urgent problem than for forest tree breeders as the breeding populations usually are much larger. The option large female families (or even control of female families) is not very evident for an animal breeder. In the long run this has large similarities with gene diversity, status number and group coancestry, but not so in all details. Kerrs study avoids inbreeding early on, this cause a real difference to group coancestry only a few generations, but Kerr mainly follows what happens over only six generations, and when the first ones become important. Kerr is aware of all this and some other "animal breeding basis", but still it is not easy for him to accomodate to a different setting.

Mate allocation

Kerr mentions that Lindgren and Mullin (1997) has no effective algorithm for pairing mates. Kerr suggests 3 mating algorithms

These are: minimum coancestry mating (TORO et al., 1988) which aims to avoid matings between close relatives;

compensatory mating (GRUNDY et al., 1994) which aims to mate parents which are already well represented in other matings with

parents which are poorly represented;

and assortative mating  (BAKER, 1973) which aims to mate best with best.

In his study Kerr decides to minimize coancestry among mates and thus inbreeding, maybe one reason I have not praised this study enough, reasons against avoiding inbreeding are given above. Kerr et al also somewhat arbitrarily adds an element of minimization of variance among selected families where I am not sure how useful this is.

Ola and much POPSIM work has focused on PAM, and it has proved to be a good idea for forest tree breeding, thus POPSIM has worked rather much with mate allocation.

PAM and minimum coancestry mating act in opposite direction, PAM makes mates more related, but maybe it is possible to find a compromise.

For the near future there are not many types of relationship actual. Current state of forest tree breeding in Sweden give very few possibilities to mate first cousins as Sweden has not bred trees for many generations:-(. Inbreeding minimizing at creating recruitment population (minimum coancestry matings) have advantages and disadvantages, my PhD theses has title "inbreeding a two edged sword in forest tree breeding". Inbreeding is good as it slows down build-up of coancestry and reduction of gene diversity and increases genetic variance. Inbreeding also purges the gene causing inbreeding depression and thus the negative effect of inbreeding, and thus it delays the reduction of the harmful effects of inbreeding to avoid it. Inbreeding is a disturbance if it is unevenly distributed and in particular if population improvement is not by progeny-testing. Therefore I do not like sib-matings. Minimum coancestry matings also leads to a faster approch to the situation where the whole recruitment population is both inbred and related and thus the potential gain by clonal forestry and cross forestry will be reduced by inbreeding depression. I actually argue against strict DPM for that reason. It makes segments of the breeding stock more comparable if the coefficient of inbreeding is uniform.

A difference to animal breeders and forest tree breeders is that animal breeders do not have the equivalent to seed orchards while this is the main production outlet for forest tree breeders in general and Swedish conifer breeding in special. In seed orchards around 20 clones are placed together and it is important that they are unrelated as related clones causes inbreeding and inbreeding depression. Thus it is desirable that the coancestry structure in the recruitment population of a Swedish breeding population allows selection of around 10 not closely related clones (other 10 can probably be recruited from other breeding populations). It is desirable to have a genetic structure allowing selecting rather unrelated clones. It is especially important that the best selections are unrelated as they tend to occur in high frequencies.

I suggest that a long term mating strategy could look like this: 1) no sib (or half sib) mating; 2) divide each Bpop in two halfs which are kept unrelated; 3) keep coeff of inbreeding similar for all individuals in the recruitment population; 4) apply some degree of PAM; 5) for deciding how many mating partners more refined cost considerations are needed  6) consider stratified sublining. 7) It could be considered to have a rule that inbreeding (coancestry of mates) should be set to say the group coancestry + 0.02 and an algorithm could accept +-0.01 around that, but this should not take effect in F1 but first when it still is rather easy to keep all unrelated but start first when pairing F2 plants, it could when be something like systematic first cousin mating or second cousin pairing. At least in F2 pairing keep relatedness to some group of say 4 grandparents.  

Allocation of optimal contributions

For each parent a number of selected offspring is obtained. This comes in a more systematic way more natural as a part of a breeding system compared to ours more ad hoc approaches. It would be reason to cite it when we tried to do that (e.g. some of the efforts done in the thesis by Ola and Seppo) and maybe also try to implement the algorithms better (they are not different from ours, but appliied in a more integrated way). Flattering at least that he cited us (Zheng) in that number of contributions could be variable. 

Applying simulated annealing

It is a good general technique and approach to search for an optimum, not just for mate allocation. To apply it as a part of e.g. POPSIM may take much computering time.

Phenotypic mass selection
Kerr comment reasonable our thought that BLUP usually does not appear superior to phenotypic mass selection, we were not such extremists so we really meant that the best use of BLUP was to through it away in situations where it is easy to get and now I have myself found an explanation to why phenotypic selection appears so good, while BLUP actually IS better (Li's study, which I think I distributed to you). Perhaps or perhaps not it would have been worth citing in Lindgren and Wei 2005.

How much gene diversity is needed?
Kerr et al 1998 seem to argue for allowing the gene diversity drop faster than we do in Sweden, but in the same time they point on that it is possible to preserve gene diversity radically better than in the Swedish system, and thus the Swedish model cannot be motivated that it is the best way to maintain diversity.

Seed orchard selection
Kerr et al suggest that their algorithms would function for selection to seed orchards with relatives as done by Darius and me. Probably it works and in a more practical scale than we did and we should have cited it, but now it is too late, the papers are already in press....

Adding to the grandparent second study (unmature draft stage)
What follows below is only for coauthors of study 2, currently only Darius. Darius can check this and insert something like that in the manus. which is now on his table. Maybe we can make a special run to mention in discussion for the comparsion with Kerr?

Introduction: Kerr et al. (1998) introduced concepts from animal breeding into forest tree breeding. Strategies were compared for gain for a number of generations under a resource of a recruitment population of 6000 plants per generation where selection was mainly on breeding values obtained by proper weighting of phenotype and relatives. Thus parents, mates and generation shifts are assumed free in terms of resources, but there was a penalty on gain on increase in inbreeding similar to the penalty of group coancestry. The number of parents, their contributions, their mates and the progeny size are generated by algorithms and generally not predefined. The reduction in group coancestry in subsequent population

Discussion: Kerr et al. (1998) used an option 2, which is rather compatible with our study, where the reduction in group coancestry per generation was fixed to 0.017 and the number of parents suggested by the algoritm to 66-92 suggesting a parents per grandparent ratio around 2.5, which is close to the value in scenario B in this study where the resource is similar. The other options studied by Kerr result either in what is regarded as too fast loss of group coancestry with very limited advance in gain or unrealistically many parents and less gain than option 2. Thus the results by Kerr et al. (1998) seem compatible with the findings of this study.

Maybe most of the discussion about mate allocation?

Kerr et al (1998) let an algorithm identify the matings once the parents were selected…

Best regards
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