Summary Report

Faculty Scholars Award, Summer 2002

John E. Rinehart, Deborah Moyer, Kris Witte, and Jane L. Hayes1

Eastern Oregon University and 1Pacific Northwest Research Laboratory, La Grande, OR 97850

INTRODUCTION

Bark beetles of the genus Dendroctonus are recognized as some of the most destructive forest pests, as the beetles attack en masse, weakening and ultimately destroying their conifer hosts; entire stands can fall victim to these beetles. In Oregon, D. pseudotsugae attacks both the Pacific coast and the inland varieties of douglas fir and is a species of particular interest, since many other species of Dendroctonus are specialists, feeding only on distinct varieties or species of pine and related conifers. That a single species feeds on two distinct varieties of host plant suggests that sub-populations of the beetle are being produced. If so, the mechanism remains unknown, as we have no idea of the degree of interbreeding and gene flow between the Pacific and inland populations, nor do we know to what degree the populations differ genetically. Although a study by Stock et al. (1979: Ann. Entomol. Soc. Am. 72: 394-397) tested enzyme differences in a Pacific and an Idaho population, their study failed to look specifically at genetic markers and also failed to include an eastern Oregon sample. Additional studies have looked at behavior (Pitman et al. 1975: Z. Ang. Entomol. 78:203-205) and genetic differences (within a single gene) among many Dendroctonus species (Kelley and Farrell, 1998: Evolution 52: 1731-1743), but still have failed to address the genetic differences specifically in D. pseudotsugae populations.

It is clear, therefore, that to understand how Dendroctonus beetles interact with each other and with their host plants, it will be critical to understand their inter- and intraspecific phylogeny with special emphasis on their distribution patterns. Our current research focus, in collaboration with FRSL, is an investigation of the genetics underlying within and between population differences in Dendroctonus beetles. The technique that allows for statistical analysis of these data depends on the amplification, or the production of many copies of, specific DNA sequences in the genomes of the beetles using arbitrary DNA replication primers. Sequence differences in the genomes of individual beetles will show up as a presence or absence of an amplified fragment when the copied fragments are separated by size using agarose gel electrophoresis. Fragments present may then be compared both within and between populations using any of a number of accepted statistical methods. This provides not only a numerical measure of genetic diversity within a population and the ability to construct phylogenetic trees, but also allows a determination of the degree to which populations may be interbreeding by comparing diversity between populations. The fragments produced by these studies may be cloned and sequenced, potentially providing an understanding of which genes are being affected by different environmental pressures in the two populations.

The current study extended dramatically our population base and understanding of population dynamics in D. pseudotsugae. We collected both in-tree and trap-caught populations of D. pseudotsugae as well as additional populations of D. rufipennis, D. ponderosae, and Ips pini. Analysis of the pseudotsugae populations revealed interesting migrational trends that may be used to help manage these populations.

TANGIBLE OUTCOMES 

The most important tangible outcome of this project, aside from the data, was an application for an extended 2-year Joint Venture Agreement between the Forest Service and Eastern Oregon University. The total requested amount of the project, approximately $120,000.00, includes over $60,000.00 for Eastern Oregon University. No direct costs are incurred by Eastern, and indirect cost requirements are covered by Eastern’s already-budgeted overhead expenses. A second outcome is the collaboration with colleagues in Mexico on a CoNACyT grant project.

MATERIALS AND METHODS

Collection of Beetles: Beetles were collected live in pheromone traps or by extraction from trees in which they had constructed galleries. Beetles were returned to the laboratory alive and were immediately frozen at –80 degrees C. In some cases, larvae were collected by placing individual larvae into 1.5 ml sterile microcentrifuge tubes and freezing.

DNA Extraction: DNA was extracted by grinding single beetles in 1.5 ml sterile microcentrifuge tubes and using the Promega Wizard Genomic DNA extraction kit.

RAPD-PCR: . For each PCR reaction, 20ng of genomic DNA and 1l of the selected primer were used. The PCR reaction used was the following: 5 min at 95 degrees C, 45 cycles of (1 min 95 degrees C, 1 min 34 degrees C, 2 min 72 degrees C), with a final hold for 5 min at 72 degrees. Samples were analyzed by gel electrophoresis on 1.2% agarose gels. Electrophoresis was always performed within 24 h of PCR reaction. A total of 7 primers were used.

DATA ANALYSIS: The analysis method of Bardacki and Skibinski (1994: Heredity 73, 117-123), as derived from Lynch (1990: Mol. Biol. Evol. 7, 478-484), was used. We constructed matrices and used Scientific Notebook (MacKichan Software) to perform matrix algebra calculations on the data (see appendix 1 for method). The PHYLIP software package (Felsenstein, 1993, U. of Washington) was used to construct cladograms and unrooted trees by the method of Fitch and Margoliash.

RESULTS AND DISCUSSION

Within and Among Population Relatedness Varies Between Primers and Populations: Our first goal was to calculate and compare within and among population relatedness for the populations of D. pseudotsugae, since they were more numerous than populations of other species and encompassed a much larger area. The average among population relatedness values are presented as Table 1, below:

	
	HEB
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	HAL
	ROG
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	CCR
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	HA3
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	BRE
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	HAL
	0.8367
	0.8860
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	ROG
	0.8319
	0.8784
	0.9060
	1.000
	
	
	
	
	
	
	

	EM2
	0.8363
	0.8441
	0.8596
	0.8519
	1.000
	
	
	
	
	
	

	HA2
	0.7633
	0.7406
	0.7594
	0.7420
	0.7533
	1.000
	
	
	
	
	

	CCR
	0.7032
	0.6392
	0.6910
	0.7116
	0.7435
	0.6806
	1.000
	
	
	
	

	EM3
	0.7639
	0.7911
	0.7968
	0.8061
	0.8199
	0.7633
	0.8703
	1.000
	
	
	

	HA3
	0.7509
	0.7689
	0.7720
	0.7757
	0.7807
	0.7244
	0.8687
	0.9440
	1.000
	
	

	EM4
	0.7975
	0.7741
	0.7834
	0.8111
	0.7940
	0.7540
	0.8278
	0.9111
	0.8972
	1.000
	

	BRE
	0.7038
	0.6949
	0.7096
	0.7208
	0.6919
	0.6250
	0.6056
	0.6717
	0.6436
	0.6241
	1.000


TABLE 1A. Average Among-Population Indices of Similarity for 10 D. pseudotsugae populations and a population of D. brevicomis. Abbreviations: HEB=Mount Hebo OR  group; EMI=Mount Emily group 1; HAL=Halfway, OR Group 1; ROG=Rogue River OR group; EM2=Mount Emily group 2; HA2=Halfway group 2; CCR=Chatter Creek WA group; EM3=Mount Emily group 3; HA3=Halfway group 3 (trap-caught); EM4=Mount Emily group 4 (trap-caught). Within-population indices along the diagonal are 1.0 because by definition populations are identical when compared to themselves. Note that this is a lower-diagonal matrix; the upper half would contain values identical to the lower half, and has thus been omitted.

Because D. brevicomis is a separate species, we expected its similarity indices to be consistently lower when compared to all other pseudotsugae groups, and this is happily the case. However, the numbers for brevicomis are closest to those for Chatter Creek, suggesting that the Chatter Creek population, captured in the Wenatchee National Forest in Washington, is indeed isolated or much different from all of the Oregon populations. One may also note that the values range from 0.9440 (indicating near-identical populations) to 0.6056 (not much higher than populations carrying alleles identical in state rather than by descent). This is a relatively small range, yet differences may indeed be noted and analyzed. This is encouraging, since it suggests we will be able to detect even small-scale differences in populations as long as sufficiently large samples of beetles are obtained. It is also likely that this analysis method may be extended to many other species; we have already begun analyzing completely different genera of bark beetles and have been able to make meaningful comparisons to the results obtained so far.

A cladogram of D. pseudotsugae populations in Oregon and Washington: With indices of similarity and their resulting indices of genetic difference in hand, we then constructed a cladogram of these populations, as shown in Figure 2 below:
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Figure 1: A cladogram of D. pseudotsugae populations from Oregon and Washington.

The most surprising result was the strong bifurcation of the pseudotsugae populations. The original Halfway and Mount Emily populations form their own small group, while all the rest, including all the more recent populations, form essentially a cluster of groups sharing common alleles. It is known that the Halfway population is an outbreak population, which probably began as a small population growing rapidly in numbers and spreading out. If this is true, then the large cluster represents splinter populations of the original Halfway group. The Mount Emily population, however, is endemic, and remains at relatively small numbers. That elements of both the Emily and Halfway populations are present in populations as far away as Mount Hebo and Rogue River suggests a wide compass of gene flow. The pattern of branching in the cladogram suggests a west-east gene flow in the past, but the outbreak populations have spread out concentrically since then, moving as far west as Wenatchee, Washington.

There are many unanswered questions left to investigate. Are we really observing relatively new genetic modulations in populations, or are we seeing much older migration patterns reflected in modern genomes? While the number of primers we have used argues for the former conclusion, the cladogram suggests otherwise. What is the relationship of D. pseudotsugae to other species in the genus? While we have begun to investigate this question, we have been hampered by a lack of powerful data analysis tools and a lack of assistance in the lab; we have species populations analyzed but have not to date been able to perform our analyses on the PCR results obtained. How do Idaho, Montana, Wyoming, and South Dakota populations fit in to our cladogram? We are working on obtaining populations from Rocky Mountain states, where the outbreak of pine beetles is devastating public lands, in order to find out how related they are to Pacific Northwest groups. For these and other reasons, we have applied for a Joint Venture Agreement to extend our studies to other regions in North and Central America, and to collaborate with our Central American colleagues in these efforts.

Overall, this has been a very productive project thus far, employing  and providing research opportunites to 7 current and former EOU students, and should continue its productivity with the generation of research funds through Joint Venture Agreements. Although we would like to apply for funding therough NSF, we will not do so until the EOU ORSP is stabilized and its role in research opportunities clarified and extended.

