Molecular and other biotech methods - possible consequences for Swedish tree breeding in the coming decade
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Introduction

This survey evaluates possibilities with new molecular and other biotechnical techniques that could have the potential to improve tree breeding and mass propagation programs with focus in the near future (the decade following 2008) and thus could have consequences for Skogforsk planning and priorities. It constitutes one part of the reviewing and updating of the Swedish Tree Breeding Strategy (which was mainly formulated 1993), which is carried out by Skogforsk 2007-2008.
Much hope has been focused that biotech will revolutionize forest tree breeding. Retrospectively, advanced biotech was not important for forest tree breeding in the past 70 years since its beginning (in spite of that there has often been much hope), and can be foreseen to have limited impact on the current operative plans. Early biotech ideas like triploids and mutations have failed and others - like flowering induction and early tests – works, but to a smaller extent than was hoped for. Most of the forest in Sweden has a long rotation time, the average age of a tree at final felling is above a century and the production is rather low. The plant production, which is the channel for tree breeding to the forest, is dominated by Norway spruce and Scots pine, while much of the "molecular" research is focused on broadleaves (when considering trees at all), and broadleaves constitute less than a percent of the current Swedish plant production.  
The marker technology has advanced and now there exists more powerful tools which are directly linked to the genetic code and new possibilities open up.  However, the progress may appear faster than it is. E.g. markers can reveal pollen contamination in orchards. The first reports appeared before 1985. However, it is still not simple or cheap to measure it. The number of reported seed orchards on a global level seems not higher than two decades ago, and the number of seeds analyzed is often only some hundreds. It is more than three decades ago since the first gene map of Scots pine was reported (Dag Rudin’s dissertation), but the gene maps are still not dense enough for efficient marker assisted selection. Already at the foundation of the department of forest genetics and plant physiology 1978, “biochemical genetics” dealing with molecular expression of gene variants, was an important part and a flagship for the department and the theme for its first international conference. 

The long time between activities in breeding and the final harvest implies that goals should be general; it has low interest to fine-tune trees to end products. Swedish tree breeding ought not to focus much attention on inventing biotech applications; most will occur elsewhere under conditions of shorter rotation much before they are profitable for Sweden. The problem of identifying what can be implemented at Skogforsk ought to focus on reviewing what is successfully applied elsewhere and its possibilities in Sweden. 
There is usually a large time gap between "promising studies" and "practical implementation"
For most cases and suggestions it is not realistic to suggest a biotech method for large scaled implementation in operative breeding, which has not been successfully tested as a compartment of a breeding population within the Swedish breeding. A normal field test takes typically 15 years between planning and evaluation. Thus most ideas coming up can be taken away from the list of immediate applications just as they should be under the way in a field test similar to breeding and they are not. E.g. if enrichment of breeding material done by MAS is suggested, it should already have affected a few operative field tests to be actual for real implementation in any scale in operative breeding within a decade. Of course nothing prevents that ideas come up in this process, which can give raise to efforts to get it into a segment of the breeding population for evaluation by research grants, but implementation must mean efforts, which are supported by funding for operative breeding (the state-industry frame work program), not by research or development projects.
Even if a biotechnical method full-fills all expectations, it will only complement the “traditional” breeding work. Biotech heads for a few specific characters, all others need also be considered and either improved or at least controlled. Biotech may help in making predictions, but these must be verified in long term traditional field experiments similar to real forests. Biotech may reduce time till mating, but this will hardly eliminate the need of long term tests. It is not only or even mainly the biotech methods which improve, but so does breeding strategies, system management, techniques for controlled crosses, testing, evaluation and quantitative genetics. The increase in efficiency in tree breeding, which has occurred over its first 70 years of history, is more because of improvements in how “traditional techniques” are applied than in “modern biotech”. Further technical development in how the traditional methods are applied in a strategy is more needed than biotech. The prospect may be still larger if the best from the two worlds can be combined. 
Molecular marker techniques

Molecular marker techniques can be used in two principally different ways, i) markers for identification of individuals, and ii) markers associated to phenotypic and genetic performance. In these respect markers for identification is closer to - and for several cases ready for - application than markers for performance. Markers for both identification and association (like SSRs and SNPs) are available for many conifer tree species, that includes to some extent Scots pine and Norway spruce, the Swedish main species. It has however not yet become THAT simple and routine for trees that it currently can be recommended for low cost applications (<50 kkr), and investigators often claim the need for more and better developed markers to do a satisfactory job.
Markers for identification

Identification does not require a long testing or development period but can be applied fast and their use is often more depending on cost and convenience than technical development. Checking mislabelling in seed orchards, clonal archives etc. is technically possible and is a matter of if the information is worth the effort or not, rather than technical development. Mistakes occur and the identification techniques are known enough to allow cost and feasibility estimates to initiate a project to check the reliability of common procedures and to evaluate the option to make such checking routine. It is possible to apply the methods when a problem appears (an actual example is the question of what comes out from hybrid larch seed orchards, although the results may have wakened up more questions than they solved and it was more difficult than it appeared beforehand). Another option worth serious consideration in the near future is to take and store DNA samples from the whole founder population for the long-term breeding program. At least the cost and trouble should be evaluated, it may appear neglectable small. The option to actually see the “genetic contributions” of the founders at any time in the future will probably be developed. If this sampling is not done now, the option is gone in some decades (then founders are gone from the clone archives). With available methods it is hardly possible to see the contributions three generations ahead, but we have reasons to believe in technical advancements for this purpose.
With markers relatedness between trees can be tracked and gene diversity losses by breeding more carefully estimated. This makes it possible to get a better understanding and quantification of the accumulation of relatedness, reduction of effective population size and loss of gene diversity, which should be considered and controlled in breeding and mass-multiplication. Such possibilities could be considered for use in operative breeding within a decade.
The identification can be used for paternity analyses in orchards, revealing imbalances in paternal clonal contributions to the seed orchard crop; and amount, pattern, and nature of pollen contamination. Such analyses mitigate orchard dysfunctions, which is a major problem hampering the benefits from breeding. Somaclonal variation could be searched for with DNA markers, that might be a problem associated to vegetative propagation, but that can be considered basic research.
Parental identification may replace controlled crosses as a method to keep known coancestry in the breeding stock under some circumstances (“breeding without breeding”, BWB). It is possible to identify both parents to a genotype among 30 possible in a scale of many hundred of genotypes (Wang and Lindgren pers comm). This is a brand new area of breeding research, which could affect practical breeding within a few years and should be subject of attention and efforts to find applications in a small segment of the breeding population. Fathers can be identified in polycross-progenies to use them as a source for selection forwards. The pollen mixtures used for polycross mixtures - if polycross is used at all - should consider that option from now on. That means pollen from sufficiently good trees with reasonable representation and probably several pollen mixes in use in parallell (Lindgren 2007 on the web).
Some of these possible applications have been available for decades, but not much used. Now they are somewhat simpler and more exact. Others are now open for the first time. It is usually highly uncertain if it is cost-efficient to use the methods. There are administrative problems to discuss who should do the analyses.
Markers for associations

The genome can be mapped with markers. The first gene map for Scots pine was presented in Umeå more than three decades ago. Practically important genes will occur close to some markers. Instead of selecting on the character, selection can focus on the marker (MAS). Many genes have effects on more than one character, and one character is often affected by many genes. Genes interact with each other and with the environment so genes which appear important sometimes may not be so under all circumstances. A recent review (Weiss KM 2008 Tilting at Quixotic Trait Loci (QTL): An Evolutionary Perspective on Genetic Causation Genetics 179: 1741–1756) concludes that the bulk of genetic ethiology remains unaccounted for of most traits except such with a mainly Mendelian inheritance and the best ways to approach the biological complexity seems often unclear.
Generally the real successful molecular applications of breeding are not easy to track down, if they should have taken place, as they are guarded by commercial secrets. Of course markers play a role and have done so for a long time. 
 Most quantification of genes actions are within a full-sib family, and the relative importance may be quite different in another family. Even if a marker is close to a good gene on a gene map it may be close to the bad gene variant in one family and close to the good one in another family. Thus simple marker assisted selection will work only in a specific family and much of the procedure has to be repeated for each family and forest tree breeding works with thousand of families. Field performance is a result of the joint action of many genes and to change one of them can be expected to make limited contributions.  Currently, simple MAS seems forbiddingly expensive and complicated. Catching linking equilibrium in larger populations are theoretically possible by techniques with names like association mapping and genome wide   Even if a promising application was developed, it is needed to test it in reality for decades in a small segment of the breeding before it is implemented into a large share of the operative breeding, and we are far from that yet, The experiences from other more short-lived species through three decades is not overwhelmingly good and the success stories are mostly for specific cases like resistance to a particular disease. For forest trees in Sweden where is more than a decade effort without an evident success. There is hope that associations which are more widely dispersed in populations should be identified, but that requires much denser gene maps and is far from application. Thus no application for operative breeding is foreseen in the foreseeable future and there is no need for breeding to adapt to MAS more than assisting interested scientists in identifying suitable experimental materials.
Genetic Engineering (GMO) in forest trees
With genetic engineering methods in principle new gene packages can be inserted or gene control can be affected. These techniques have been used for commercial wide scaled application of herbicide resistance and insect control in agricultural crops.  Around a decade ago, when these techniques became commercially operative, the hope was large that they would find application in forestry in the foreseeable future. The use in operative forestry in Sweden seems currently much longer ahead in the future than it looked a decade ago. Hundreds of forest tree experiments have been established in the world the last decade, but almost all are small and short-term, and there are few - if any - similar to Swedish forest genetic field tests. More than twenty forest tree releases have occurred in European Union, but the number per year has declined since 1998. It is uncertain if any field trials remain. A semi-commercial operation with black poplars in China has been the only commercial forest operation heard about, and this is not been well evaluated or well controlled and may spread of the alien genes. GMO in operative breeding requires that gene action in long term field trials has turned out stable and that the desired goal was achieved and that no negative side effects were likely. GMO requires at least in the foreseeable future that the gene spreading to wild relatives is unlikely and controlled. GMO is currently generally not accepted by green certification. Commercial GMO is - in principle – legal, but in practice it is likely to be a time consuming, expensive and unpredictable process to get a commercial license. GMO requires a well established system for vegetative propagation, where plants can be derived from a single cell. To justify the large development effort, a commercial GMO application must be for a commercially important species. The major commercial planted species in Sweden (Norway spruce and Scots pine) are unsuitable candidates for GMO in the foreseeable future. Before Swedish GMO applications are closer considered, commercial uses must be well-established elsewhere with native conifers, like P taeda in southern US. GMO is of no interest for operative Swedish breeding within the next decade.

Skogforsk policy suggestion: Skogforsk should not accept responsibility for the first batches of field trials with GMO. The first field trials are foreseen to have a too basic character to fit into the applied profile of Skogforsk. If Skogforsk manages GMO trials, it will probably give the false impression that implementation into operative breeding and forest plantations is close or that Skogforsk is heavily involved in getting it out in commercial forestry. Probably propaganda from the research side will strengthen that impression. There are special procedures and requirements for GMO, and it is preferable that the Governmental controlled Universities and Research Parks become accustomed to these specific field trial requirements before Skogforsk. The first GMO field trials with trees are very likely to get unwelcome attention. The only GMO field trial is Finland was vandalized. It is easier for Governmental institutions to handle the situations with demonstrations and vandalism, and the risk that governmental institutions will suffer damage of public relation character is limited. Actually even the public debate about GMO in forestry may create problems for forestry controlled objects. This has created a real hazard for seed orchards in British Columbia, which is an added motive that forestry controlled institutions avoids actions, which can give the impression that they are involved with it. 
Vegetative Propagation – somatic embryogenesis
Somatic embryogenesis (SE) is one variant among many for vegetative propagation, but it is much attention focused to SE, so it deserves an independent paragraph. The advantages compared to the conventional and established vegetative propagation method for Norway spruce, rooted cuttings, is that no difficult to manage hedge archives are needed to propagate the clone and to keep it juvenile. Instead it is stored in liquid nitrogen. The performance does not change during storage (at least in theory) and the clone can very rapidly be multiplied at a large scale when needed. Now is large efforts invested in applying the method in Sweden and elsewhere. It is possible to get hundreds of clones multiplied and field tested, but it is yet too expensive for operative field testing, which requires more clones, and as a protocol must be developed for each clone separately and as many genotypes do not develop in easy to propagate cultures or cannot be successfully restored after cryostorage or. It is not certain it will be possible to use operatively for breeding, but it is not excluded. Skogforsk should probably within in a few years discuss to what extent SE could replace cuttings for routine clone testing.
SE is used commercially in e.g. southern US, and has maybe one percent of the market (9 million plants). Plants are available at the open market and the added cost because of the SE procedure is below 2 SEK, but this is probably not the full price needed to cover the cost and give a profit for the supplier. As it was possible to get it into operational use for a conifer in US, and as STT invests heavily in its use for spruce, it is likely it will be technically and biologically possible to get commercial applications in Swedish spruce within six years, but it seems likely the costs will be forbiddingly high. There are SE clones in field test and it seems likely the best of these will be used to some extent by involved companies. There are legal constraints of the use of vegetative propagation in Sweden (5 per cent of the area). If there is more than 5 million SE plants a year used for Swedish plantations (in about ten years), it proves that the cost is low enough for operational forestry and this probably implies that Skogforsk should reconsider to use SE as the main testing method even if it would be more expensive than cuttings, and it appears motivated to initiate a new enquiry with the aim to relax constraints on the deployment of clones. It is likely the limits will be relaxed at that time considering the steadily accumulated increase of knowledge.
SE propagation need not wait for trials to be mature but can start immediately. The added gain by using full sibs from the best tested parents decades before seed orchards can mass-produce seeds of similar quality makes them superior without testing and within family selection. The better tested they are, the more focus can be made at the best clones at propagation. Testing clones with SE instead of cuttings may offer advantages, and if the best segments of the breeding population is tested by SE, the option of later vegetative masspropagation will be kept open. Thus Skogforsk should encourage immediate implementation of SE mass propagation.

An important ambition should be to make mass propagation by SE reasonable cheap. When cheap enough, it will be competitive with seed orchards.
Vegetative propagation – other comments

Mass multiplication for the major species by rooted cuttings has failed commercially in spite of large and repeated efforts. The reasons are mainly economic and administrative, not biologic or technical. Forestry has not been willing to pay the extra cost and make the extra effort to get the extra gain. But for Norway spruce the experience and experiments motivated by the hope of commercial application completed the technique sufficiently well to be used for operative breeding, and the standard method of breeding Norway spruce is now clonal testing with rooted cutting, and that has motivated developmental work to try it on a segment in the Scots pine breeding population and it is planned to use it for lodgepole pine. As the gain now is higher and forestry has turned production oriented, it is probably worthwhile to take up the thought to get commercial use of rooted cuttings again.
Other biotechnical/molecular tools
DNA-based tool kits measuring different activities of trees like flowering competence and winter hardening have the potential to develop into useful diagnostic tools, which may be evaluated for operative breeding purposes once they are developed and ready for evaluation. Microarrays are an example of such a research tool which can help to develop measurement kits.
Flower stimulation techniques have developed some applications in forest tree breeding and it may happen that more are developed. Flowering inducing hormones (gibberellins) have been researched for 40 years and found some small scaled practical applications, but are not used in a massive scale, in spite of many promising results. GMO techniques for transferring genes is still research and has not reached the stage where applications are of interest for practical breeding, and it is unlikely any technique requiring introducing GMO in the genomes of genotypes, which may become ancestors of coming generations, will be applicable to operative breeding or Skogforsk the next decade. It may be claimed that inserted parts of genes may be removed when the job is done, but it remains to be seen that it functions technically and is accepted by the public.
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