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ABSTRACT

Establishment of seed orchard is aimed at producing good quality seeds which is an important
activity for breeding program. Seed orchard is also a base population, thus its genetic diversity is
depending on its design and composition (provenance, family and individual tree). Selection of an
individual tree in seed orchard is needed for the enhancement of retaining good-character trees.
Howevert, selection of individual tree can change the genetic diversity of seed orchard, and the degrees
to which the genetic diversity will change depend on the used selection methods. In order to investigate
the effects of selection methods, 4 simulations of selection methods based on height, diameter and
stem performance of individual trees were used. The differences among the 4 methods were the
ranking of individual trees those selected, and families and provenances those have been represented.
Seedling seed orchard of Acacia mangiumin Wonogiri, Central Java was used as materials.

Analysis of genetic diversity was carried out using AFLP markers. Nine primer combinations
were used to produce 1025 AFLP banding patterns. Among those banding patterns, only 109 were
polymorphic markers. No significant effect of individual tree selection was revealed in this study. Even
though the selection was done intensively, only 7.1% of genetic diversity was reduced. In other words,
the selection activity did not reduce the genetic diversity of seed orchard significantly. The result is
important for developing future tree improvement of _A4. mangium, including development of hybrid
between A. manginm and A. auriculiformis.
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I. INTRODUCTION

Genetic diversity provides a template for adaptation and evolution of species and
individuals, especially in forest tree populations. Since genetic diversity is a key component
for the sustainability of forest resource, maintenance of genetic diversity becomes an
important objective of biodiversity conservation and tree-breeding operation. Forest
management practices such as clear-cut harvesting followed by natural and/or artificial
regeneration can significantly have a considerable impact on genetic diversity. In a forest tree
breeding program, genetic diversity of forest trees can be reduced by phenotypic selection
breeding (tree improvement cycle) and seed and seedling production. Thus, monitoring
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genetic diversity in a tree breeding and production populations is needed. It is not only for
gauging the impact of breeding and production activities on reforestation stock, but also for
effective genetic conservation of existing natural population (El-Kassaby, 1996).

Various studies have been done to investigate the effects on forest management
practices for genetic diversity of forests (Knowles, 1985; Bergmann and Ruetz, 1991;
Gomory, 1992; El-Kassaby, 1996; Thomas et a/., 1999; Rajora e al., 2000). Acacia species is
one important species producing raw materials for pulp and paper industries. By year 2000
there may be more than one million hectares of tropical Acacia plantations in South-East Asia
and China, especially A. mangium (Balodis and Clark, 1998).

In order to support it's wood industry, since 1985 the Indonesian Government (c.q.
Ministry of Forestry) has started a forest timber estate program. The program is aimed at
establishing plantations of some potential species to produce raw material for wood industry,
and one of them is 4. manginm. Recently the breeding program of this species is progressing
well toward producing a high quality of wood. Establishment of seed orchard is an
important activity for breeding program for producing a good quality of seeds. Selection of
individual tree in a seed orchard is needed for the enhancement of retaining good-character
trees. However, selection of individual tree can change the genetic diversity of a seed
orchard, and the degrees to which the genetic diversity will change depends on the methods
of selection. Genetic diversity of _A. mangium has been studied elsewhere using isozyme
analysis (Moran ef al., 1988; Khasa ez al., 1994) and RELP (Butcher ez a/., 1998). However, the
change in the genetic diversity of seed orchards due to selection activities is still unknown.

Amplified fragment length polymorphism (AFLP) is one of the most powerful
methods for DNA fingerprinting (Vos e al., 1995). These markers have been widely
employed due to their effectiveness and reliability. Studies on genetic diversity have already
been carried out with AFLPs in numerous plants like Salix spp. (Barker ez @/, 1999),
Olea europaea (Angiollilo ez al, 1999), Arabidopsis thaliana (Breyne et al, 1999) and
Pinus sylvestris (Lerceteau and Szmidt, 1999). Some studies have been done in order to
improve the reliability of AFLP for detecting genetic diversity of plant (Cervera e al., 2000,
Treuren, 2001).

In this study, we used the AFLP markers to evaluate the effect of individual selection in
A. mangium seedling seed orchard in Wonogiri, Central Java, Indonesia. The result of this
study will be important for developing the strategy of breeding program of _A. manginm,
included the importance of hybrid between A. manginm and A. anriculiformis.

II. MATERIALS AND METHODS

A. Materials

A total of 57 individual trees of A. mangium were collected from seedling seed orchard
of A. manginm after second selection within plot in Wonogiri, Central Java, Indonesia. Total
number of populations, families and replications in the seedling seed orchard were 15, 134
and 7 respectively.
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B. Methods

In order to detect the effect of selection, 4 simulations of selection method wete used.
Each method contained 25 individual trees. All trees in the seedling seed orchard were
ranked based on straightness and volume data (height and diameter). The detail condition of
four selection methods was described in Table 1.

Table 1. Outline of four selection methods

Selection .. Number of
iNo. method Uondlislon individual

1. | Random 25 individual trees were selected randomly from 25
all trees retained in the seedling seed orchard

2. | Method I The highest ranking of 25 trees 25

3. | Method IT | Similar to Method I except 1 family was 25
represented by only 1 individual tree

4. | Method III | Similar to Method II, but each population was 25
represented by maximum of 2 individual trees

Total genomic DNA was extracted using a modified CTAB protocol reported by
Shiraishi and Watanabe (1995). The DNA was purified using Gene Clean I1I (BIO101) as a
template for further analyses. Procedures for AFLP basically followed the protocol
developed by Vos ¢z al. (1995). Briefly, approximately 250 ng of total genomic DNA was
digested by 2.5 units of EcoRI and 2.5 units of Msel. Subsequently, AFLP adapters for both
restriction enzymes were ligated to the fragments. Template DNA was then preamplified
using primer pairs based on sequence of the adapters but 3' extended with one selective
nucleotide. Preamplification product was diluted 10 times and used as template in a second
amplification reaction. Primers used in the second amplification were the preamplification
primers plus 3 selected nucleotide at the 3' end. The EcoRI primer was radiolabelled with 33P
prior to PCR. Labelled PCR product was mixed with the same volume of formamide buffer
(98% formamide, 10 mM EDTA, pH 8.0, 0.05% blue dextran EDTA and 0.05% Gene Scan
ROX). After denaturation for 2 minutes at 94 C, 2 ul of the reaction were separated on 4.5%
acrylamide/bis 19:1,7.5M urea and 1XTBE for 12 hours.

The presence (1) or absence (0) of the polymorphic fragments attained from
electrophoresis was noted as 1/0 data. Based on this data, genetic distance (D = 1 - S) among
individuals were calculated using a simple matching coefficient (Sokal and Michener, 1958).
In this study, the mean of genetic distance among individuals was assumed to be the genetic
diversity of the group/method.
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ITI. RESULT AND DISCUSSION

A. Genetic Distance of Four Selection Methods

The number of bands scored for the 9 primer combinations ranged from 77 up to 136
with the mean of 113 markers/primer combination. In total, 1025 were scored with 109
(10.6 %) polymorphic markers. The number of markers obtained from AFLP of A. manginm
was bigger compared to that obtained from other past analysis using isozyme and RFLP
analysis. Moran ¢z al. (1988) used 30 enzyme systems and the number of polymorphic alleles
was 19. Butcher ¢f a/. (1998) used RFLP analysis to estimate genetic diversity of nuclear
genome of _A. manginm. By using 50 probes, 57 putative Mendelian loci were revealed and 46
of them were polymorphic. In this study, only about 10% of AFLP banding patterns were
polymorphic markers. It mean that the genetic diversity of 4. manginm is quite low. This
percentage value was lower than the figures reported for Sa/ix spp. (81.8%; Barker ez al., 1999)
and Pinus sylvestris 1. (69.1%0; Lerceteau and Szmidt, 1999).

Number of families, population, ranking and mean of genetic distances between
individual of each selection methods are shown in Table 2. The 25 trees in method I, 11, and
III revealed almost no significant difference in ranking. Thus, even though there was an
intense degree of tree selection, of the ranking of the 25 trees did not change significantly.
The number of population was not increased significantly by increasing the intensity
of selection. Method I and method II contained the same populations (data not shown).
This result showed that the highest rank of the trees was distributed in all populations.
The populations used for sampling in this study were taken from Papua New Guinea
Provenances (8 populations) and Cape York of Australia Provenances (7 populations),
two regions with high genetic diversity (Butcher ¢z a/., 1998). However, Bucther ez a/. (1998)
detected that in those regions proportion of variation among populations was very low
compared to other regions.

Table 2. Mean of genetic distance of each selection method

. . . Mean of genetic
Selection Family Rerlking Population distance between Percentage
method*  |number number o (%)
individual

Random 25 - 13 0.042 + 0.007 100
Method 1 23 1-25 12 0.040 £+ 0.007 95.2
Method II 25 1-27 12 0.039 + 0.007 92.9
Method IIT 25 1-47 15 0.040 + 0.007 95.2

Remark : * = Criteria of the selection methods was shown in Table 1
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Mean genetic distance of individual trees in each method was 0.042, 0.040, 0.039 and
0.040 for random, method I, method II and method III, respectively. With exception of
random selection, the other three methods had a similar mean of genetic distance. These
values mean that individual trees closely related, or there was a low diversity in the trees in
each method.

If the genetic diversity value of 25 trees selected in the random selection were assumed
to be the base genetic diversity of the seedling seed orchard, the value obtained in this result
revealed that there was a very low genetic diversity of A. manginm. Eventhough AFLPs
markers like RFLPs markers which detect the DNA level in both coding and non-coding
regions, the result of genetic diversity of 4. mangium using AFLP markers was almost similar
with the result of using isozyme analysis (Moran ¢7 a/., 1988 and Khasa ez a/., 1994), and was
quite low compared with that obtained using RELP markers (Butcher ez a/., 1998). Butcher e
al. (1998) explained that the detection of higher level of variation using RFLPs may reflect
fundamental differences between the marker types. In this study, the number of AFLPs
markers was almost twice and the number of samples per population was smaller than the
analysis using RFLP.

Assuming result of genetic diversity of random selection is 100%, the effect of the
other 3 methods ranged from 4.8 to 7.1%. Thus, a significant effect of individual tree
selection was not revealed in this study. A similar result was also reported by El-Kassaby
(1996) who indicated that eatly selection and breeding of a highly polymorphic species did
not significantly reduce genetic variation. Other studies investigating the effect of
management practices also showed no significant effect in the genetic diversity of forests
(Knowles, 1985; Bergmann and Ruetz, 1991; Gomory, 1992; El-Kassaby, 1996; Thomas e al.,
1999; Rajora et al., 2000).

B. Application for Mangium Breeding Program

The seed production is a combination between trees inside the seed orchard, thus a wide
genetic base and a little percentage of inbreeding are the most important points. Combined
with selection activity, a seed orchard can provide a high genetic gain.

The significant effect of individual tree selection method was not revealed in this study.
Even though the selection was done intensively, only 7.1% of genetic diversity was reduced.
In other words, the selection activity did not reduce the genetic diversity of seed orchard
significantly. Thus, in order to reduce inferior trees in the seedling seed orchard, any kind of
selection method can be used. Since the seedling seed orchard contained mostly trees from
Papua New Guinea and Cape York populations, hence relatively low genetic variation among
populations, the selection should be concentrated to individual selection instead of
population selection. Another method to enrich the genetic base of the seedling seed orchard
is by introducing new trees (infuse) from other regions (El-Kassaby, 19906), especially from
Townsville or Daintree and Ceram or Sidei populations (Butcher ezal., 1998).

The previous reports on genetic diversity of 4. manginm and the result obtained in this
study revealed a quite low genetic diversity of _A. mangium. Based on this information, the
establishment of seed orchard for future tree improvement program of 4. zanginn should be
distinguished into 2 programs. In the case of establishing seed orchard of A. mangium only, all
genetic material of the species must be collected. Thus, the genetic base of the seed orchard
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should be as high as genetic diversity of 4. mangium. Since the hybrid between A. manginm
and A. anricnliformis suggested better performance compared to its parents (Sedgley e al.,
1992), the other program is to establish a hybrid seed orchard. This program would not
limited to increase the genetic base of seed orchard, but also produce better material for pulp
and paper industry.

IV. CONCLUSION

Based on the result of our present study, some conclusions can be obtained as follows:

1. Amongthe 1025 AFLP banding patterns, only 109 were polymorphic markers. Therefore,
genetic diversity of A. manginm is very low.

2. Using 4 simulation methods of selection, the effect of individual tree selection was not
significant. Thus, reducing inferior trees in the seed orchard can be done through any kind
of selection methods.

3. The tree improvement strategy of 4. manginm should be distinguished into 2 programs,
namely strategy for only 4. mangium species and combination with 4. auriculiformis.
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