Long term breeding seminar
Theme: Long term tree breeding as analysed by the breeding cycler tool.
1. Motivation

· We developed the Breeder cycler- a tool to fine-tune a long term breeding strategy. 

· We got results relevant for Swedish tree breeding. 

· We want to share these results and to get the feedback. 

· We answered such questions as how many?, how long? what testing strategy?, some specific problems are listed:
Should we progeny-test Scots pine?
Is it worth to force early flowering in Scots pine?
Has the breeding population the right size?
How large should test families be?
At what age should field tests be evaluated?

· We will not go into details- for reliability see the papers

2. The contents (problems, subjects)

· The breeding cycler

· Cycling strategy 

· Breeding population size 

3. The main results

a) Testing strategy 

· For spruce, use clonal test and invest in to improvement of the cloning techniques (C-effects, embryo genesis)

· For pine, as cloning is not yet available, continue with progeny testing but use the time before the candidates reach the sexual maturity for phenotype-based selection (a two-stage strategy) and invest in embryo cloning or similar techniques. 

· In case of the two-stage test, pine flowers are not needed before age 10 (optimum) or 15 (loss of benefit minor)

b) Breeding population size: 

· For spruce, progress would benefit from a lower BP (< 50), reason- testing can be clonal= higher benefit from the gain-generating capacity), 

· For pine, BP may be around 50, as the gain-generating capacity of the testing strategy would not be powerful enough to motivate the reduction of diversity below 50. 

4. List of papers

A list of documents the presentation will be built on is presented below, if you want further information or reprints, please contact Dag L.
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5. Abstracts of the four most significant papers

Optimisation of breeding population size for long-term breeding 

Abstract

A model considering genetic gain, build up of relatedness, time and cost of one complete breeding cycle in a long-term breeding program has been developed for the optimum allocation of the resources on the breeding population size. Group coancestry and average breeding value for the breeding population were merged into a joint index "group merit". The size of the breeding population was regarded optimal, when the annual rise in group merit was maximised at a budget constraint. A case-study scenario with a balanced selection in conifers, in particular Scots pine in Sweden, was applied. The optimum breeding population size was of the order of 30 to 60. High heritability, more precise testing, high additive variance at mature age and limits in the duration of the diversity maintenance time horizons all seemed to favour a low breeding population size. 
Two-stage selection strategies in tree breeding considering gain, diversity, time and cost

Abstract

Methods for calculating Group Merit (an average of genetic gain and gene diversity) Gain per year (GMG/Y) were developed for a number of breeding strategies involving recurrent cycles of balanced within-family selection. Optima were sought, considering resource deployment and age of selection, with the aid of a deterministic computer simulator. The breeding strategies compared comprised a single stage of selection (based on phenotype, clone or progeny testing) or two selection stages per breeding cycle. The latter involved a first stage of selection based on phenotype followed by a second stage based on clonal or progeny tests of those selected at the first stage. Genetic variance components, the number of plants deployed, cost and time components were all variable. When heritability is high, phenotypic selection is a superior breeding strategy, but at moderate or low heritability, it is inferior.  Strategies including clonal testing were superior and it made little difference if the clone test was preceded by a phenotypic selection or not. A strategy based on progeny testing was improved by a first stage phenotypic selection. In the two-stage strategy, it seemed favourable to delay the phenotypic selection until about canopy-closure, at least if juvenile-mature correlation develops as for growth characters.    

Efficiency of Selection Based on Phenotype, Clone and Progeny Testing in Long-term Breeding 

Abstract

The overall goal for long-term breeding was formulated as maximising annual progress in group merit (GMG/Y) at a given annual budget. Group merit is a weighted average of breeding value and gene diversity. Breeding strategies based on testing of phenotypes, clones or progeny for selection of parents for next breeding cycle were optimised as regards testing time and test entry size. The dependence of GMG/Y on genetic parameters, cost and time components was investigated. Numeric values were chosen with long-term breeding of Norway spruce in mind. 
The highest GMG/Y under the most likely parameter values for clone, phenotype and progeny strategies was 0.250 %, 0.152 % and 0.139 %, respectively. The clone strategy was the best over the whole range of considered cases, except for the scenario with high narrow-sense heritability, for which the phenotype strategy was the most efficient. Except for low narrow-sense heritability, the phenotype strategy was the second best, but superiority of the phenotype strategy over progeny strategy was usually small. If reproductive maturity of the test parents could be shortened to below about 12 years, the progeny strategy may be better than the phenotype strategy. Comparably high costs (per parent) seem to be acceptable for promoting early sexual maturity. 
Narrow-sense heritability, additive variance at mature age, rotation age, plant-dependent cost and the time needed to produce the test plants had the strongest effect on GMG/Y. The clone strategy became less superior at high dominance variance. Short rotation age favoured the clone and phenotype strategies. Reduction of cost per test plant was especially beneficial for the clonal and progeny strategies. 

Progeny testing preceded by phenotypic pre-selection - timing considerations

Abstract

Progeny-testing is a common element in tree breeding. It takes long time until trees reach the sexual maturity. That time could be used for field testing followed by progeny-test of the selected phenotypes (two-stage strategy), or the time until mating could be reduced by forcing early flowering (single-stage strategy). Benefit of phenotypic pre-selection followed by progeny testing in long-term breeding was assessed as a function of the age at the pre-selection by the aid of a deterministic tree breeding simulator. As a criterion of goodness of a breeding program, annual progress in group merit (GM/Y- refers to the rate of change in the average of genetic gain and gene diversity) at a total budget constraint was used. For simplicity, a long-term program with balanced selection was studied. Scenarios with different genetic parameters, cost and time components were evaluated and optimised for resource allocation. At the optimum age of mating for progeny test, two-stage Phenotype/Progeny strategy generated higher GM/Y than single-stage Progeny strategy at the age of mating for progeny test equal to three years, except for a typical scenario with weak J-M correlation, low heritability and long rotation time. High heritability, short rotation and strong J-M genetic correlation favoured phenotypic pre-selection. Optimum age for phenotypic pre-selection varied from 6 to 17 years and the percentage of GM/Y lost in comparison to the maximum due to delay of mating for the progeny test until age 15 and 25 years ranged from 0 to 14 % and from 1 to 29 %, respectively. In the case of low heritability, long rotation, low J-M correlation, high cost for cycling and low budget, early mating age would bring little benefit if compared to mating at the optimum age. We suggest that, in long-term breeding based on progeny testing, investment in phenotypic pre-selection is more beneficial than investment to achieve early flowering to initiate the progeny test early.

