BIOCHEMICAL METHODS FOR
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Abstract.—--The theory and practice of physiological genetic
approaches to solving problems in tree improvement are discussed.
The advantages of using biochemical techniques are summarized and
a range of applications is described. These include measurements
of genetic variability, degree of relatedness between populations,
species and hybrids, breeding structure of populations, inbreeding
in seed orchards, and increasing selection efficiency. Biochemicals
are also proving to be useful in shortening tree breeding cycles.
Some future directions in biochemical breeding of trees are

outlined.
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Tree breeders are fortunate in having a considerable amount of natural
variation as a basis for selection in most species and traits of commercial
importance. On the other hand progress in tree improvement is severely constrained
for two major reasons. First, phenotypic selection in the wild or even in
plantations is often ineffective (Pitcher 1982) and usually inefficient because
narrow sense heritabilities for complex traits are mostly low necessitating
long term progeny testing. Second, both generation and rotation intervals
in trees are long which, combined with the occurrence of juvenile-mature
phase changes, hinder early evaluation of trait expression and accomplishment
of advanced generation breeding. These two prime constraints to tree improvement
have stimulated interest and research on two possible methods for alleviating
them: (1) clonal propagation of improved planting stock (Libby 1977; Hanover
and Dickmann 1982; Eliasson 1977; Eriksson and Lundkvist 1981; Armson, et
al. 1980; Karnosky 1981; Farnum et al. 1983) and, (2) techniques for accelerating
the process of genotype evaluation, selection, and breeding of superior types.

Biochemical approaches are potentially useful in both of the methods
suggested for stimulating more rapid progress in tree improvement (Hanover
1974) . My purpose here is to focus on ways in which biochemical techniques
may be used by tree breeders to transform potentials for progress into reality.
I would emphasize, however, that such techniques must always supplement and
enhance but certainly not replace the standard methods of tree improvement

with which we are all familiar.
PHYSIOLOGICAL GENETICS OF QUANTITATIVE TRAITS

m The quantitative traits that plant breeders are mainly concerned about,
such as yield, form, hardiness, and resistance to pests, are usually controlled
by many structural and regulatory genes. We refer to such traits as "complex".
For convenience, breeders have typically treated such traits as simple
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or unitary in their research and improvement programs (Malmborn 1967). This
practice may be appropriate in the early stages of a breeding program but

as genetic gains become more difficult to achieve or perhaps even sooner,

we should consider the use of component characters as bases for selection.
The elucidation or "dissection" of a quantitative character into its primary
components constitutes the physiological genetic approach to plant breeding.
Implicit in physiological genetic studies is the enormous range of biochemical
constituents and processes found in trees about which we know relatively
little (Hanover 1974).

The physiological genetic approach to breeding for complex traits involves
five basic procedures:

1l. Identify important physiological, biochemical, morphological,
or anatomical components of the complex trait.

2. Screen for genetic variation in the components and genetic
correlations with the complex trait.

3. Determine heritability of the components.

|.J>.

Incorporate traits into superior genetic background through
breeding.

5. Test for performance of new genotypes in appropriate
environments.

It should be obvious that only the first step and part of the second
are unique to physiological genetics. That 1is, the identification of important
components and determination of their genetic correlations with the complex
trait. Otherwise, the procedures are standard practices for breeders. However,
application of physiological genetics to tree breeding and even plant breeding
in general is virtually non-existant. This is because the concept is relatively
new and the identification of components (step 1) is not an easy task but
requires a multidisciplinary effort. Fortunately, biochemical studies of
forest trees are now receiving considerable attention by geneticists which
should contribute to step (1) above for some of our important quantitative
traits. There are, however, several areas in which biochemical methods are
currently employed to increase effectiveness and efficiency of tree breeding
programs. One of these areas is the use of molecular markers and indirect
selection (Tanksley 1983; Squillace 1976; Hanover 1974; Kriebel 1980; Bridgen
and Hanover 1982).

THEORY AND OBJECTIVES OF INDIRECT SELECTION

The underlying theoretical basis for finding and using biochemical
markers to accelerate tree selection and breeding resides in the concept
of indirect selection. Indirect selection is simply selection applied to
any character other than the one for which improvement is desired (Falconer
1960) . By selecting for a "secondary" character "Y" we may make greater
progress towards improving primary character "X" through the correlated response
of X with Y. Following are some conditions which favor indirect selection:

1. A high genetic correlation exists between the two traits,
X and Y.
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There is less effort or cost in selecting for Y than X

directly.

1. Less time is required per generation for improvement of X
when selecting for Y.

2. There is a higher precision in measuring Y than X.

3. There is a better correlation between progeny means and
parental means for trait Y than trait X.

4. Trait Y has a higher heritability than trait X.

5. A higher selection intensity can be applied to trait Y than
to trait X.

6. Trait X can he measured in only one sex, Y in both.

7. Trait Y is a juvenile trait that can be measured earlier
! in the life cycle than trait X.

Calculation of the expected gains (GX) or correlated response in trait
Kby selecting for trait Y is obtained by:

APPLICATIONS OF BIOCHEMICAL METHODS
IN TREE IMPROVEMENT

Molecular Markers in Tree Breeding

There are several reasons for emphasizing development of biochemical
rather than morphological markers to aid tree breeders (Tanksley 1983):

1. Genotypes of molecular loci can be determined at the whole
plant, tissue, and cellular levels. Phenotypes of most
morphological markers can only be distinguished at the whole

plant level.
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2. A relatively large number of naturally occuring alleles can be
found at molecular marker loci, compared with morphological
loci.

3. Usually, no deleterious effects are associated with allele
substitutions for molecular markers in contrast to the case
with many morphological markers.

4, Alleles of most molecular markers are codominant, allowing all
possible genotypes to be distinguished in any segregating generation.
Alleles at morphological marker loci are usually dominant or

recessive.

5. Epistatic effects are more prevalent in morphological than
in molecular marker loci which limits the number of segregating
markers storable in a generation or population.

Examination of some generalized biosynthetic pathways in trees reveals
the kinds of molecular markers that are available to breeders (Fig. 1). These
include DNA, proteins, especially isozymes, and a wide range of secondary
plant products including terpenes, phenolic substances, acetogens, alkaloids
and waxes. Each of these classes of compounds has its own particular advantages
and disadvantages for use in tree improvement. Of course, if the objective
is to determine cause-effect rather than linkage relationships between chemicals
and a quantitative trait,that would dictate which chemicals should be studied.
Furthermore, it is not reasonable to search for single chemical markers closely
linked to genes governing expression of a complex trait and the likelihood
of establishing useful linkages between multiple chemical markers and the
polygenes of interest is remote. Therefore, DNA and protein markers will initially
be of most value in characterizing the breeding structures of populations
and species and for estimating genetic distances between taxons rather than
as marker genes for indirect selection of complex traits. Secondary plant
products do offer excellent possibilities for practicing indirect selection
as well as helping to solve other problems in forest genetics.

Any component character of a complex trait is a potential candidate
for use in improving the primary trait by indirect selection. The components
may be related to the primary trait either through tight linkage or pleiotropic
(cause-effect) gene action. Thus, an array of morphological, anatomical,
physiological and biochemical components are being researched by crop scientists
for predicting indirect selection response in primary traits such as yield,
form, quality, or pest resistance (Larsson 1982; Chen et al. 1982; Hitz et
al. 1982; Bhatt et al. 1979; Tanks ley 1981). Because treebreeders are
vitally concerned with developing methods for early selection and evaluation
of progeny performance, research related to indirect selection in trees 1is
beginning to receive more attention (Rudin 1976, 1979; Squillace 1976; Rockwood
1973; Harris and Borden 1982; Bridgen and Hanover 1982; Weissenberg 1976;
Hanover 1975, 1980). As already indicated earlier we are concerned here
only with the application of molecular or biochemical systems analysis in

tree improvement.
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Applications to Selection and Breeding

Biochemical markers are of direct benefit to tree breeders when they
serve as correlated traits for practicing indirect selection. One of the
best examples of this use is in tomato where Rick and Robes (1974) discovered
a remarkably tight linkage between an acid phosphatase locus (Aps-1) and
the gene for resistance to root-knot nematodes (Mi) (Medina -Filho 1960).

Seed companies now use this marker to: (1) identify resistant plants at

a much earlier stage, (2) distinguish resistant and susceptible plants with
ease and accuracy, and (3) distinguish between homozygous and heterozygous
plants without progeny testing for nematode susceptibility (Rick 1982).

In spite of this elegant example in tomato of how indirect selection
may be accomplished with molecular markers, our chances of finding such simple
systems in other plants and trees are slight. As mentioned earlier this
is because most of our important traits are polygenic rather than monogenic
so identification of multiple markers would be required. Nevertheless, the
principle of indirect selection using molecular markers is sound and I would
like to suggest a strategy for developing and employing indirect selection
for quantitative traits in trees. The proposed strategy is summarized in
Figure 2.

In searching for either or both linkage and pleiotropic relationships
between important quantitative traits and chemicals literally thousands of
chemicals can be rapidly and accurately screened. This is due to the
availability of powerful analytical tools such as gas and liquid chromatography
and electrophoresis. Combined with computerized multivariate analytical
techniques relationships (correlations) between chemicals and complex traits
can be established. Those correlations that are consistent and meet the
other requirements outlined earlier for secondary traits can be used in
multivariate analyses such as discriminate or factor analysis to construct
an index. Index selection comprising a series of molecular markers would
then be the basis for obtaining more rapid improvement in the primary trait
of interest. Although no data are available to illustrate the utility of
molecular marker indices for selection, we are working towards this end with
terpenes, aromatic compounds, and isozymes in the spruces, firs and pines.

Once molecular marker index selection techniques are developed they
should be important adjuncts to all aspects of selection and advanced generat

breeding for metric characters.

Applications to Other Problems in Forest Genetics

Chemical markers are now widely used in solving problems or providing
basic information for tree breeders. Time will not allow any detailed consid
of these uses but I would like to summarize them to briefly indicate the
principles underlying each use. Table 1 lists the major applications for
chemical markers and some selected examples from the literature.

From this admittedly incomplete summary it 1s apparent that interest
in chemical markers in trees is high. There are innumerable examples of
published and unpublished research on chemical markers that are inconclusive
or incomplete at this time in terms of providing data of specific practical
use. However, as biochemical methods continue to be explored, expanded and
refined, we can expect substantial benefits to forest genetics in the near
future from both the basic and applied aspects.
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