Newsletter April 99

from Dag Lindgren

This letter goes at irregular intervals to a mailing list which is mainly Swedish domestic and mainly people who have asked to be placed on the list.

Erik Andersson vill present his thesis 21 May at Umeå.

The title of the thesis is 

Gain and Diversity in Multi- Generation Breeding Programs. Here comes "spik-bladet".
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Gain and Diversity in Multi-Generation 



Breeding Programs



Erik W. Andersson

Akademisk avhandling som för vinnande av skoglig doktorsexamen kommer att offentligen försvaras i Björken, SLU, Umeå, Fredagen den 21 maj 1999, kl 10.00. 
Abstract

Progress in tree improvement comes from utilizing the genetic diversity found in unimproved forests. The balance between genetic gain and diversity is one of the most important considerations for all breeders. The sustainability in gain extraction over generations of the breeding program should be considered from its start. This thesis examines various strategies for selection in breeding. Using coancestry and its derivatives as a diversity measure, different methods are contrasted and compared for their efficiency in giving response to selection, considering the subsequent change in genetic diversity. It is concluded that restricted and unrestricted phenotypic selection and restricted (individual and family) index-selection, using data taking the performance of relatives into account, are fairly equal in terms of selection efficiency. However, a genuine and substantial improvement in selection response can be achieved by incorporating information on the population structure into the selection criterion. A possible way to enhance the efficiency in realized gain per unit decrease in diversity is to balance selection with relatedness. This can be seen as maximizing the allele containing capacity of the breeding population with regards to constraints on relatedness. Two ways to accomplish this, group merit selection and a linear programming method optimizing gain with a restriction on group coancestry are exemplified in this thesis. Benefits from coancestry-controlled selection are far from negligible, and can have a role to play in tree improvement. The breeding population should be seen as a dynamic entity regarding size and family contributions over time. A decision-model for infusion of fresh unrelated material is presented. The conclusion is that there often could be a place for refreshing the breeding population with new selections in the first cycles of breeding. The diversity of regeneration material affects forests over the long term. It is concluded that diversity of species undergoing domestication must be monitored, with comparable measures throughout the whole breeding program, including seed producing stages. 
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Those interested in the party, send an E-mail to Erik.

Erik.Andersson@genfys.slu.se
Erik will leave Umeå after the dissertation and become "chief" of "Bispgården", a school for teaching forestry related matters.
See further below!

I see it as a part of a series of four dissertations, which develops the art of a joint consideration of gain and gene diversity in breeding and which comes in a logic and uninterrupted line, where one thesis builds on the previous. 

The first part was

Wei, Run-Peng 1995, Predicting Genetic Diverstity and Optimizing Selection,

which mainly discusses gain and diversity changes at the inititation of breeding.

The second part was:

Gea, Luigi D 1997. Genetic diversity and gain. The concept of status number. PhD thesis, school of forestry. University of Canterbury, Christchurch, New Zealand.

This thesis develops the methods making it possible to analyse gain and diversity jointly over generations (this dissertation is not much known, most other countries do not expose their thesis to the surrounding world as Sweden does).

Erik Andersson is the third part:

Gain and Diversity in Multi-Generation Breeding Programs.

The last part in this "series" is planned to be defended Sept 3 by Ola Rosvall.

I have taken the opportunity when Steve McKeand is here as an opponent at Erik's dissertation to ask him for a presentation the day before, I place it late in the day if there is some traveller, and also avoid splitting the day for attendants from Sävar.

Seminar

Prof. Steve McKeand, North Carolina State University, Raleigh, USA

Deployment philosophy, scale, gains, experiences and risks connected to half-sib plantations with P taeda.

Place: Room "Tallen", floor 3 (near library), "Skogis", Peter Laestadius väg, Umeå.

Time: 15.15 (30 min lecture and time for discussion)  May 20, 1999.

Background

There is a spectacularly striking difference between EU and much of the new world concerning the view on need of diversity in the forest regeneration material. The EU (Swedish) policy is (somewhat oversimplified): At least 30 clones in a seed orchard and selective harvesting is banned.

Virtually all plantations with P. taeda in the southern United States use seed orchard material. Seeds are typically harvested by clone, treated by clone, sown by clone (the magnitude 0.5 million plants from the same mother are propagated together in the nursery). The half-sib families are lifted and packed by clone (the plant boxes are identified by clone, like Swedes write provenance on their boxes) and finally planted to form a stand consisting of a single half-sib family. There are a number of mother clones in use in parallel, so on the landscape level there is a mix of different half sib families. There are big advantages with this in the seed and nursery stage. Everyone seems to be satisfied with the system, and it does not seem to draw much criticism or be a controversial issue. Essentially all industrial forest plantations are established with open-pollinated seeds harvested from single clones.  Small landowners use both single families and mixtures of families (mixes vary from fewer than 10 to a few dozen families). The scale of regeneration with P. taeda is about one billion seedlings planted per year. 

How is it possible that systems arrive at so radically different conclusions? Are there scientific reasons for the difference? If so, why do scientists not have a more coherent view on what is favourable and what is dangerous? The reasons for these large differences in deployment strategies needs to be debated considering that the matter is of central importance to tree improvement, and its possible dangers or blessings. 

Eriks thesis is built on four papers, the abstract and comments are mine, not Erik's

Andersson EW, Spanos KA, MullinTJ & Lindgren D 1998. Phenotypic selection compared to restricted combined index selection for many generations. Silva Fennica, 32:111-120.

Summary: The methods compared were unrestricted phenotypic selection and restricted combined index selection for five generations. A variety of crossing schemes were compared as were family numbers and also the introduction of a strong dominance component. Results were surprisingly stabile and showed that apart from rather unlikely events, that combined index selection has no or minor advantages over selection on the phenotype.

Comment: The technically easy mass-selection (phenotypic selection) seems to have a place in many breeding operations. If selection is guided by a known family structure (selecting good individuals from good families) the advantage of high gain is approximately balanced by the disadvantage of high relatedness. The value of knowing the exact pedigree has probably been over-stated by forest geneticists. I remember from my early days in forest genetics, when we discussed a simple breeding program where forests were planted from seed orchards and selections to new seed orchards were made in these forests. We said that this was a stupid and unsophisticated idea, we are much more clever now and keep track of pedigrees. I wonder how unsophisticated it really was. It should be remembered that "phenotypic" in the sense of this paper means that information about parents or sibs is not used, it is not discussing when breeding values are based on offspring. This situation corresponds to a selection with a higher heritability.

Rosvall O & Andersson EW 1999. Group-merit selection compared to conventional restricted selection for trade-offs between genetic gain and diversity. Forest Genetics 6:1-14.

Abstract: The Group-merit selection was devised by Lindgren and Mullin (1997), although they called the method population merit selection. The superiority over a range of circumstances has been investigated for a simulated long term breeding program based on single pair mating. The largest superiority was obtained for low heritability. This means that the superiority is not very high if the breeding program is based on breeding values obtained from progeny-testing. Selection intensity was not important for the superiority. The superiority was sustainable over generations.

Comment: I have later found that for more complicated designs the Lindgren & Mullin algorithm can miss the optimum. I think this has little practical importance and it is most important in situations of almost balanced selection. For the mating design used in this paper the algorithm does not miss the optimum.

Andersson EW, Sanchez-Rodrigues L & Andersson B. 1999. Group coancestry controlled selection in a Pinus sylvestris L. breeding program. TAG in press.

Abstract: Integer Linear Programming was used to maximize gain when group coancestry was seen as a restriction. Real OP-progeny test data were used to choose parents while the second generation offspring from crosses between the selected was simulated. Selection which allows the best-performing families to contribute a greater number was superior.

Comment: The method is expected to give identical results to that of Lindgren and Mullin (1997). It has the advantage of relaying on ready programs instead of home made, and it can find the optimum directly for a given group coancestry, while the Lindgren and Mullin (1997) algorithm has to find such a solution by iteration. On the other hand ILP is useless in more complicated cases than this. I remind that "linear deployment" is a good approximation (see Wei's thesis).

Zheng YQ,  Andersson EW  & Lindgren D 1998. A model for infusion of unrelated material into a breeding population. Silvae Genetica: 47:94-101

Summary: A model for introducing fresh material in breeding programs based on group merit was developed. It may not be uncommon that it occurs situations when it seems beneficial to inject unrelated material (e.g. fresh plus trees or the best of the progeny tested plus trees which were truncated at an earlier stage) to maximise group merit (thus gain at a given diversity).

Comment: I guess, based on this study and many others, one can foresee a situation in the current Swedish program that it would in the future turn beneficial to incorporate earlier unused unrelated breeding material if the number of founders was truncated to 50 immediately to sustain long term breeding populations of size 50. This problem can probably be avoided by using more than 50 founders from the beginning. A possible, but considerable less favourable option, is to make certain that the highest ranking not selected plus trees are kept in archives some decades ahead.  

Acknowledgement: I would like to take this oppertunity to thank the co-supervisor, Tim Mullin, for his backing up of this thesis.

News

Sigfrid Blomqvist avled 6 mars 1999. En av den moderna svenska skogsträdsförädlingens pionjärer.

A further dissertation of forest genetics interest is planned June 3 at Uppsala.

Information about the SNS meeting July 1-3, 1999, Uppsala, Sweden
The meeting will start July 1st 10.00 and end at lunch July 3rd with the option to stay until Sunday, July 4. Location will be Sunnersta herrgård, southern Uppsala. 

Topic of the meeting: Rapid generation turnover in the breeding population and low-intensity breeding.

There will be a full-day excursion on July 2nd. During the excursion field trials, an indoor seed orchard, flowering stimulation, a modern commercial nursery, and a national park will be on the agenda.

Voluntary papers within the frame of the two topics are welcome. A special proceedings from the meeting is planned.

Registrations to Gösta Eriksson. The official dead line for registration is passed, but perhaps it can be negotiated.

Discussion

Björn Hannrup in Uppsala will present his thesis the same day. As I understand Margareta Edfors will sit in Uppsala and will handle the dates of all dissertations at the faculty from now. Perhaps this will make it easier to avoid this type of "collisions".

To the December Newsletter discussion contributions:

"Effective parents" or "status number"?

Ola Rosvall has made a comment:

Det är inte bra att förorena statusnr.begreppet genom att flytta referensen till plantageträden med ett antagande att de är obesläktade och särskilt inte på sikt. Jag tycker att det är viktigt att behålla founderanknytningen i statusnr. Vad man skall kalla nedgången i diversitet pga obalansen i plantageträdens genbidrag vet jag ej. Ditt förslag är förklarande, vilket är bra. Kanske kan det byggas upp på nåt annat sätt: Efficient crop parent number fast ditt är nog bättre. Kan man använda use efficiency: Parent use efficency 75 %.

NAM or Random Mating or what?

We have PAM, positive assortative mating, but what to call the opposite? Random mating? Ola claims that it is common that authors use that as a contrast to PAM. NAM  ("Non Assortative Mating") is an idea. I have earlier used it for "Negative Assortative Mating", but that may not be a strong argument. What about "Random mate assignment"? RM could then be used, but stand for "random mate" instead of "random mating". I suggested "random mateing" but Tim does not accept it linguistically. PAM should perhaps be read "positive assortative mate assignment"
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