Thoughts about possible implications for Swedish Forest Long term Tree Breeding from breeding cycler studies.

Dag Lindgren och Darius Danusevicius hade seminarium i Umeå (februari 20, 2004) och Ekebo (mars 2, 2004). "Long term tree breeding as analyzed by the breeding cycler tool"
Seminariet har en hemsida:

http://www.genfys.slu.se/staff/dagl/Reflections/LongTerm04/

Powerpoint presentationer och en del annat material är utlagda där. Det finns ett diskussionsdokument med slutsatser och rekommendationer för forskning på

http://www.genfys.slu.se/staff/dagl/Reflections/LongTerm04/BreedCyclSuggestImplications.doc
(detta dokument ligger där för närvarande, och har utsatts för rådgivande gruppens granskning)
Sista redigering av dokumentet 04-05-03. Inga kommentarer har mottagits sedan början av mars, det verkar alltså inte något bra sätt att kommunicera med rådgivande gruppen, inte förvånande men kan ändå vara bra att få bekräftat. Presentationen har förföljts av nästan osannolika svårigheter med IT, eftersom detta är på papper så hoppas jag problemen är över.
This is a discussion document and we ask for contributions to this discussion. Such discussion could lead to new runs with breeding cycler.

Norway spruce

Clone testing of the breeding stock of Norway spruce! Clonal testing turns out favorable when possible (even if cost for cloning is high and it takes some time and there is some dominance variation). The studies heavily support that it should be the main method for testing the breeding stock for Norway spruce. This is uncontroversial and supported by many studies. With clonal test there appears to be no advantage in doing a prior phenotypic selection, so for Norway spruce the main track should be cloning as fast as possible, and phenotypic selection considered only if it is easy, cheap, maybe aimed for a pre-screening to improve the adaptive traits of high heritability (e.g. shoot frost hardiness) at the nursery stage and does not markedly delay the cloning.  Research need: The prediction of the superiority of the clone is based on low c-effects, better data and better theory for the magnitude of c-effects (or rather the variations induced by cutting propagation versus seedling propagation) is desirable.

Moment of evaluating field trials with clones. Typically evaluation and selection the breeding cycler suggests in 20 (15-25) years old field trials. That suggests planning for longer time in field trials, which are evaluated later than typically aimed at today and typically above 7 m average height, and where diameter may be measured instead of height.

Number of clones tested per BP member and number of ramets per clone.

Testing 21 clones with 21 planted ramets is suggested. At a lower budget test 18 clones with 15 (living, thus 18 planted, but it is still near optimal if only 10 of 15 survives) ramets is suggested, a not far from optimal alternative is 12 clones with 22 ramets. If high (narrow sense) heritability in the trials (>0.1) somewhat lower ramet numbers could be motivated.

Breeding Population Size and unbalance. It might be optimal to decrease the breeding population size for Norway spruce. Norway spruce can be more effectively bred by clone test and is more flexible, thus future seed orchards can draw from more breeding populations. For the next decades, however, I rather suggest a more unbalanced breeding.

Scots pine

Progeny-test of preselected field-tested phenotypes seems best strategy for Scots pine.

Phenotypic selection is superior to progeny-testing at low funding, when it does not become significantly inferior even if heritability is low (>= 0.05) and flowering early (> 5 year old plants). For high funding the offspring becomes inefficiently large, and when it is better breeding economy to increase breeding population size than offspring size. For very low funding it is even better than phenotypic preselection followed by progeny-testing.

Details of phenotypic selection trials not meant for preselection. Family size 180 and evaluation at 15 years is suggested (rather than smaller families and earlier evaluation). For the lower budget family size 86 and evaluation at 17 years is suggested.
Two-stage strategy Breeding cycler suggests a two-stage strategy: progeny-test of preselected field-tested phenotypes as the best option for Scots pine. This appeared usually more efficient than basing selection of the next breeding population either on progeny-tested random F1-genotypes or phenotypic selection in field trials.

Optimal design for phenotypic preselection followed by progeny testing  (per breeding population member): Breeding cycler suggests: Stage 1: Plant 70; preselect 5 at age 10 years; Stage 2: Progeny-test these 5 with 30 offspring for 10 years; Select the best for the next generation of the breeding population. For the lower budget, Stage 1: Plant 44; pre-select 4 at age 12 years; Stage 2: Progeny-test these 4 with 17 offspring for 11 years. But if budget is markedly reduced, phenotype testing may be the choice. In practice flowering considerations will probably make it rational to deal with different segments of the breeding population at different times, and separated for males and females.

Forced flowering. The most common argument for early flowering is to induce progeny-testing early. -Progeny-test is not superior to progeny test with phenotypic preselection even if successful crosses can be made at very young baby plants. There is some advantage in the two-stage selection if crosses could be done at 10 years. Suggested supporting research: Very early flowering has doubtful importance and should not draw large resources, at least not within breeding organizations. It should be clearer documented at what age crosses can be done in preselected breeding stock with existing methods. If offspring can not be obtained at say selections made at age 12, research efforts could be made to obtain it at age 10. Top grafting combined with flowering induction seems to function. Consequences and systems with selection of both pollen parents and seed parents in field trials both for progeny testing and for F2 generation should be better analyzed.

Breeding Population Size and unbalance. Probably it should go on as now for some decades (do not reduce breeding population size and keep long-term breeding rather balanced). 

Research needs: Here we focus only on research needs for improving the "classical breeding", not for more technical or radical improvement. The development over time of the correlation between measured and desired (essentially mature juvenile correlation) matters, and as trials get older and more relevant Swedish information becomes available, data should be collected, analyzed and turned into measurement - goal relations over time.

Comment on the input to breeding cycler Inputs were chosen to be relevant to how we perceive Swedish breeding for Norway spruce and Scots pine, (but may still be misleading). The effect of change in the inputs is shown in the studies and can be interpolated or recalculated for other cost levels.

Research needs (both species): Can a more species and purpose relevant expression of J*M be identified? The wanted expression is not J*M for a character, but between the prognosis of forest value based on early knowledge and what is actually realised over the regeneration area sometime in the future. E.g. the early prognosis ought to be more reliable in Scots pine than Norway spruce as it is more based on early survival for Scots pine and as Norway spruce early growth can easily be disturbed.   

Breeding tactics changes which may be considered. Much time seem to be lost while waiting seed requirements for mating designs to be filled, actions to desynchronize this should be considered. I still believe in an early unbalance, could those who have not yet planted F1 reconsider that once more and ask me for arguments before crossing or sowing F1? For the cases where there are huge F1 mating designs in field, I do not think new crosses need to be made, at least if that has not been done yet, it is better to use the existing F1 for breeding population selections (maybe after OP-progeny test).

Suggested further runs. The two-stage strategy for Scots pine may be rerun where waits between preselection and progeny in field-test as well as genotype cost for progeny test varies over wider interval and different for different time and situations of flowering. Top grafting of 15-year-old trees may take some time (5 years) to flower. Scenarios with 20 years to flowering for pheno/prog could be forced. Pollen production may be tricky. If such an effort could be combined with an effort to get better documentation. 

What follows below is a more detailed discussion of interest to only a few.

Funding level per breeding population member The suggested optimal designs has funding level as key entry. The funding level is expressed in a measure, which is near "number of plants deployed to long term tests on an average per year and breeding population member
". It is a bit surrealistic to indicate the "current cost level of Swedish long-term breeding" as this is incomplete and seldom has reached the field in full as intended in the plans a decade ago. Of course, it is no surprise that the distance between plan and execution is long, in particular dealing with boreal conifers. The intended level for Norway spruce is indicated by Karlsson and Rosvall (1993, p 19), there 40 clones are suggested tested with 14 ramets with a cycle time of 20 years (40*14/20 ( 28
), for Scots pine the documentation is less clear, but seems to be lower. As the pine plans call for progeny-testing if possible. This is the main cost, but has seldom been executed. Some Tpop field or achieve trials have been started with around 50 plants per parent, how much they will be expanded by progeny-trials of F1 is uncertain.

For Norway spruce 3 Gpop of 22 has incomplete materials in field, 19 Gpop has no F1 plants in field. For Scots pine complete F1 trials has been established for 5 Tpop and incomplete for further 3. Tpop 11 has initiated F2 offspring, but F1 plants do not seem progeny-tested and the procedure for coming to F2 seems what DaDa calls phenotypic. For Tpop 17, open pollinated progenies were harvested at around 20 year old F1, tests were planted 1999 and 2001 and eight trial, 25000 plants. In DaDa language this is phenotypic preselection followed by progeny testing. This single case indicates that the investment in pine may be larger than 20 test plants per BP parent and year.

Reduction of the funding level of the Swedish long-term breeding program is under debate. I have argued "osthyvel istället för tårtspade", thus possible reductions should be equally shared on breeding populations (there are arguments to deal differently with different breeding populations, but this is independent on the reduction of cost). Two alternatives for funding are used in the following (in the studies we used 10 as main scenario but analyzed alternative scenarios with 5 and 20). The higher is what is assumed to be correct as intention today (20 "cost units" per BP member and year for Norway spruce and 10 for Scots pine
) and the lower (underlined figures) what would be optimal if resources were reduced by 50% (10 for Norway spruce and 5 for Scots pine).

Discussion

Comments from Hubert Wellendorf and reactions from Dag

i)Diverse breeding objectives. 

In actual spruce breeding in Southern Scandinavia, breeding objectives as resistance against root rot (H. annosum), wood quality traits as density level (density adjusted for the effect of ring width), less spiral grain and microfibril angles have emerged as alternatives to dry-matter production per ha. In my judgement, it is unrealistic to try to combine so diverse objectives in one breeding population. My suggesting is then to establish multiple breeding populations within a breeding zone defined on ecological criteria. These multiple populations could then have different breeding objectives as f. inst. wood quality, root-rot resistance, dry matter production and maybe still one with balanced breeding objectives trying to combine a broader array of traits.

The implementation of these multiple breeding objectives could be establishment a number of nucleus populations with these more specified breeding objectives.

Dag comment: The presentations referred to a single population of the type we have many of in Sweden, and is in no way in conflict with a multiple breeding population system. For Norway spruce it seems from our presentation that Sweden has more populations than urgently needed, and thus Sweden can let some of the populations drift away against different specific targets as Hubert suggests. As a seed orchard is foreseen to be recruited from several populations, that design would make it easier for future seed orchard designers to compromise characters according to their preferences.

ii) MAS as an integrated component of the breeding strategy.
Provided a number of the best General Combiners in each of these sub-populations are QTL-mapped for all relevant breeding objectives (realized in older progeny tests), it might be possible to perform MAS on germinating seed in crosses between sub-populations and thereby obtain favourable combinations of different breeding objectives for the production population (and the nucleus pop with the balanced breeding objectives).

Dag comment: MAS technology is not available yet, and adaptations in breeding strategy do not benefit much to be done much in advance (the current Swedish breeding strategy is sufficient preparation). Then the MAS-technique on germinating seeds becomes available, I guess phenotypic testing will be handicapped, and clonal testing favoured. The situation may be handled by the breeding cycler as a special case of phenotypic preselection.

iii) 2.generation selection
In the Swedish program, I questioned the established procedure of progeny testing with the sole objective of backward selection followed-up by mating the best General Combiners with each other as the official establishment of the next generation. Forward selection in these progeny tests will be possible 20 years earlier provided the design of these progeny test are securing a sufficient broad pedigree.
Dag comment: Hubert supports DaDa, DaDa concluded based on runs with breeding cycler that progeny-testing is worse than either of clonal testing or progeny-testing preceded by phenotypic selection or (if budget low) phenotypic selection. Sweden has plenty of mature F1 progeny tests suitable for forward selections. Hubert makes a justified question when he asks why this option has been used in only one (Tpop 11) of the around 50 Swedish breeding populations. Perhaps an answer can be found using my workbook GAINPRED where forward and backward selection can be compared (they were in Lindgren and Werner 1988), what comes below and runs with breeding cycler may be part of the answer. One reason is that it may be easier to get funding if breeding activities are seen as linked with seed orchards, thus progeny testing of orchard clones. Another reason that if clones in seed orchards are progeny-tested they can serve as a source of scions (archives tend to produce rather few). Selection forwards produce few scions and have thus limited value for seed orchards. I invite a Swedish breeder to reply here….

Phenotype contra progeny as criteria for selection

It was argued that Breeding cycler may give an advantage to phenotypic selection vs. progeny-testing, Bengt Andersson formulated his most important hesitations for phenotypic selection (and phen/prog selection):

· doubtful to assume that an index could be treated in the same way as a single trait just by adjusting h2 and/or CVA. (negative genetic correlation is tricky to handle, genetic correlations between traits will change over generations due to selection
)

· if phenotypic preselection is carried out CVA ought to decrease when later selection based on progeny tests is performed

· selection intensities may be overestimated for large candidate populations
. But this could be treated with proper experimental design as single-tree-plots and proper evaluation as blocking, otherwise you could reduce h2 as a function of number of candidates

· progeny testing in phen/prog alternative involves higher costs than pure progeny testing since the candidates are spread in selective environments instead of in the clonal archive
.

· For some characters (like survival) it is better to deal with a progeny of some size.

· Knowledge about genetic variances/parameters are important and more efficiently estimated from progeny tests.

For seed orchard establishment the accuracy tested clones offer may be preferred even at the cost of a higher predicted (but uncertain) gain offered by a single phenotype.

A phenotype is selected on a single spot while a progeny is an average over several test sites. We do not believe this should be seen as a severe handicap for phenotypic selection as far as individual sites are concerned, but that breeding cycler does not consider multi-site testing is a handicap for phenotype testing versus clonal or progeny-testing, it may be fair to reduce the gain by phenotypic selection by 5% for that in comparison with other testing.

The cost components in the runs shown has probably considerable underestimated the fair cost of cloning and progeny-production in the Swedish program, and we have probably underestimated the handicap clonal, and in particular progeny-testing caused by these costs. These underestimates are not likely to change our main conclusions, but seems likely to compensate for most of the minor handicaps of phenotypic selection discussed above.

Probably progeny-test would be handicapped by unbalance, and probably there will be some unbalance in the real breeding. The breeding cycler consider the average in the BP, if that is the same for phenotypically selected or progeny-test selected BP they will appear equivalent. But the additive variation among the phenotypically selected will be much higher, so the variation among full sibs will be higher following crossing of phenotypically selected parents compared to progeny-test (or clonally) selected. That does not matter if selection is balanced, because just one selection is made in each family. But if selection is unbalanced, more selections will be made in better families, and better families will be better if chosen based on phenotypic selection.

Rather many phenotypic selections will not have flowers in the field, thus progeny-testing with OP will decrease selection intensity, but a rather large fraction can be assumed to have it after flower stimulation of top-grafts.

There was some discussion about survival. Just that a phenotype survive gives some information and its condition may contribute more. Fine tuning adaptation by measurements early measurements relating to growth rhythm with high heritability may be done, or is it a passed stage when long-term breeding is entered? 

Preselection before cloning is discussed in Finland. It could possible be justified if the first stage is rather short and considers something which can be fast evaluated (like survival) with a high juvenile-mature correlation and heritability. But clonal aging I guess make delaying cloning by preselection a doubtful idea.

Tpop may be clone tested and the possible clones with pine may then be small, but I think it would be premature with runs to predict impact of that, probably clonal testing is less superior, but still superior with low ramet number, and there is little reason to stop the first test.

Juvenile - mature correlation

The common approach is to adjust a fit a function to data. The function is usually of type rj-m = a + b ln(ageearly/agelate). The later expression could be called LAR (logarithm of age ratio). There is a difficulty with the logarithm because it is not clear if it is natural or 10-logarithm (it is natural here). That ambiguity is not improved by EXCEL, which returns 10log for log in a cell, but the natural in Visual Basic. A worse problem is that LAR always turn large negative at low ages, thus behaves contrary to common sense at low ages (which may concern selection ages down to those actually used in practice). This could be reasons to search for a better formulation than LAR.

Perhaps there are more radical ways to improve the breeding strategy…

The Swedish program is planned as synchronized within a population. That does not work, more than half of the pops there are field planted F1, and the program is complete. Neither I think it is efficient to deal with all materials in the same way even if it were possible. At least within pop I think it should be more of a rolling front strategy. I suggest the efforts for balance and symmetry is too large. Now we have better methods to check the occurrence and effect of those things, and the division in subpop may be sufficient. We could have more adjustments of selections based on better estimates of parental breeding values when tests grow older. I still think better genotypes should stay longer and have more influence in the breeding stock. I think the emphasis on PC polycross is too large, if controlled crosses are done, it should usually be possible for selections for new breeding populations. The existing F1s from old plus-trees could have been used to a higher extent, maybe it is still not too late. In the initiation somewhat more plustrees could have been represented, but with SPM for the not that high ranking. Stratification of the BP with PAM is a good idea, but can be drawn one step more! More SPMs should be done, and sometimes it is enough with SPM for progeny testing when making selections for seed orchards. More full sibs should be done than selected among to allow for some among family selection. The less important species should not mimic the high input techniques of pine and spruce. This a little more chaotic breeding cannot be accurately described in formulas, but Monte-Carlo simulators are needed, thus Breeding cycler can not find the best methods, just improve the Swedish breeding strategies somewhat.

One interesting alternative is to select trees for crosses based on less accurate information (e.g. phenotypic selection), put them in field tests and use the information for combined index in the successive generation. This is in line with what Bengt Andersson (2001) suggested at the SNS meeting in Finland http://www.metla.fi/tapahtumat/2001/nordicgenetics/Bengt_Andersson.ppt
Fine-tuning a strategy

Breeding cycler analyses has till now not considered the different variants of progeny-testing which may occur even within the so called Swedish breeding strategy. The variants has to do with how tested genotypes are stored and treated and how pollination is done. Even other details of the setting needs adjustment to get closer to the Swedish breeding reality. The price, time and even selection intensity
 depends on many details. The breeding cycler has rather clearly adviced phenotypic preselection followed by progeny-testing for Scots pine (where clonal testing is not an option), but a more detailed optimisation need a closer look at the alternatives. In the same time as it gives Sweden more precisely defined options, it gives impulses to make the breeding cycler derived system more useful. 

Constraints

Some constraints for long-term Swedish breeding are accepted.

· The breeding population in pine is structured on 23 subpopulations. 

· Each subpopulation is cycled by a breeding population of size 50 which is double pair mated.

· From each full sib a single member of the new breeding population is selected.

· Phenotypic selection and progeny testing are allowed strategies

Suggestion: Try a design like this in some of the next Tpop (maybe fine-tuned with breeding cycler and discussion): Field-plant 100, preselect 5 from better half of families and top graft them at age 12 (=year 12). At Year 17 PC-pollinate the topgrafts to get 30 offspring for progeny-testing. At age 18 preselect trees with seeds (harvest grafts and seeds for progeny-test on at least 5 per family). At Year 19 plant progeny-test (OP and PC together). Age 22 make selections to get grafts for BP trees for those families there no good progeny tests were obtained. Year 30 evaluate progeny-test, select BP, Year 31 start cycling BP.
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Description of the design (do not hang on a year or two, but rather suggest alternative actions in the same frame-work, I have changed some of the numerics since making the picture)

Year 0 crossing of breeding population

1-2 harvest breeding population seeds

 3 plant production

 4 field planting of F1 candidate population, 100 seedling per full sib and 50 full sibs in STP design 
 on two sites 
. Spacing could be 1.4
.

13 measurement of the F1 field test. Selection of 5 in better 20 full sibs
.

13 top grafting the 100 selections

15. Tagging the best 10 phenotypes in each family, thinning the F1 silvicultural with restriction that all tagged should be freed to encourage flowering.

16 PC crossing among the top grafts

17 Measure tagged trees, select 5 per family with cones from all families which are not represented by at least 4 top-grafts with seeds (5*33) 
. 

17 Harvest cones from field trial

17 Harvest top grafts in archive.

18 Harvest grafts from field trial of those cones successfully harvested from and graft

20 Establish field clone archive (and field graft top-grafts which happened to be among the best phenotypes at age 17.

18 Seed progeny-test

19 Establish progeny-test (100 PC progenies with 40 in each and 190 OP progenies with 20 in each, distribute on 4 or 5 sites
 around the target environment)

29 Measure progeny-test.

30 = 0 Select next generation breeding population and start crossing. Progeny tests are used for selection backwards.
30 The F1s are rescreened. In families where there are no progeny-tested selections, tagged individuals are reconsidered and a phenotypic selection are done and harvested for pollen. When pollen harvest is done for including in the next generation breeding population, a few scions are harvested also for storage.

30. Make new grafts of the new breeding population in new archives, more grafts of the best, which are likely to be used in future seed orchards.

32. Remove the graft archives which were kept during progeny-testing (wait a little if there are immediate seed orchard plans). The plantation with old F1 candidates is phenotypically thinned again to serve as a reserve seed collection area, but the main purpose is forest production. Most of the progeny-tests are used for forest production.







�PAGE \# "'Page: '#'�'"  �� Such plant is a "cost unit", but other activities draw some cost units also


�PAGE \# "'Page: '#'�'"  �� Living plants may be a more relevant target as cost units, as we anyway are so far from large scale long-term breeding, this problem may be minor.


�PAGE \# "'Page: '#'�'"  �� I think Norway spruce get a little more and that this can be motivated by the larger share of Norway spruce in plant production, the larger production foreseen in Norway spruce plantations and the greater ease of breeding Norway spruce, but I do not think these factors motivates a difference by a factor 2, these values are just shown as the scenarios have been calculated.


�PAGE \# "'Page: '#'�'"  �� We will always have to construct indexes of observations for real selections, but I agree that progeny testing offers advantages. They are however difficult to consider and perhaps not that large.


�PAGE \# "'Page: '#'�'"  �� This is correct (The Bulmer effect?). The quantitative effect of this is evaluated in the BREEDINGCYCLER two stage, we regarded the effect as negliable and were not quite certain how to incorporate it. But as it raises objections, we may consider the effect.


�PAGE \# "'Page: '#'�'"  �� It does not refer to an error in the math or logic, but some practical considerations connected to the lay-out and evaluation methods. It can be viewed that heritability drops with the size of the plot, and thus selection over a full sib plot is less effective that suggested by the equation i*h2, but I think this is a rather narrow angel to view the problem Personally and at the moment I suggest we should not consider this as a shortcoming of the breeding cycler logic, but could consider it when making detail plans.


�PAGE \# "'Page: '#'�'"  �� The most expensive things when progeny-testing is concerned is probably the actual trials with progeny, not the trials with phenotypes, thus it is probably is a minor consideration what the phenotypes costs. If the "clonal archieves" use "forced flowering", techniques require greenhouse and potted plants and the plants will be pretty expensive. In the two-stage strategy, Phenotype cost per plant may be different from the cost per plant in the second stage Progeny test, but in our model they are in field similar time and should thus not be that different. Extra costs for the selection and harvesting of scions or pollen and graft archives should probably not be charged on the plants but the selections


�PAGE \# "'Page: '#'�'"  �� As what is planned is seldom hundred percent successful.


�PAGE \# "'Page: '#'�'"  �� To get seeds from most of planned crosses probably takes two years.


�PAGE \# "'Page: '#'�'"  ��to allow a uniform pollen cloud


�PAGE \# "'Page: '#'�'"  ��For safety, for improving chances that generally good phenotypes are selected, and to improve chances to get flowering


�PAGE \# "'Page: '#'�'"  �� Thinning at year 15 planned. Nothing prevents to plant say 10 trees on the breeding station (Sävar) also


�PAGE \# "'Page: '#'�'"  �� To get fresh selections represented in crossable form. 


�PAGE \# "'Page: '#'�'"  �� Say three top grafts for crosses and one ordinary graft for having older and more developed grafts for seed orchards when progeny test results become available. Maybe just grafting on underlays would do.


�PAGE \# "'Page: '#'�'"  �� The main reason for arranging it like that is not to improve long term breeding, but to get more to choose among for future seed orchards. I am a bit uncertain i


�PAGE \# "'Page: '#'�'"  �� Maybe too small sites (1400 plants)
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