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15" Annual ESC/BRC Graduate Research Forum

Sponsored by the Ecosystem Science Center, Biotech Research Center,
and School of Forest Resources & Environmental Science

GRF Details

Date:
Friday, February 25, 2005

Time:
Poster Set-up - 11:00am - 12:45pm

Judging of Posters - 1:00-3:00pm
Public Poster Session - 3:00-5:00pm

Place:
Atrium,
U.J. Noblet Forestry Building

Welcome to the first annual Graduate Research
Forum, jointly sponsored by the Biotechnology
Research Center (BRC) and the Ecosystem Science
Center (ESC). The BRC and ESC strive to understand
how nature functions across many different scales,
from genes and enzyme systems to whole organisms,
communities, and ecosystems. One of the main goals
of both the BRC and ESC is to educate students so
they can understand the frontiers of science and
technology.

The Graduate Research Forum provides students
with an opportunity to share their ideas and results
with one another. As you visit the posters today, you
will see a wide variety of interesting ideas and
results in various stages of synthesis. Some students
are just beginning their program of study, while
others are nearly finished and are beginning to think
about the next phase of their career. Enjoy the
posters and please share your own ideas with the
students we are so proud to have at Michigan Tech.

Kurt S. Pregitzer
Director, ESC

Chung-Jui Tsai
Director, BRC

Awards:

A tfotal of 8 students will receive recognition for their excellence in research and poster
presentation. The ESC and BRC are pleased to award two students with a Grand Prize of $500, and
will additionally recognize 6 students with Merit Awards of $100.

~ Refreshments provided, courtesy of SFRES ~
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The Composition and Functionality of Mycorrhizal Fungi Under Elevated CO, and O; - Future
Research. CARRIE ANDREW' & ERIK A. LILLESKOV? !School of Forest Resources and
Environmental Science, Michigan Technological University, *North Central Research Station, USDA
Forest Service

The effects of elevated carbon dioxide and ozone on northern deciduous forests at the ecosystem level
are only beginning to be understood. Elevated CO, has been shown to increase net photosynthesis, and
consequently growth and carbon sequestration, while elevated O; has been shown to decrease net
photosynthesis. What may occur within the mycorrhizal fungal communities is less clear. This is an
important area to investigate since it is possible for a single tree to transfer 20% of its carbon to its
ectomycorrhizal fungal partner in exchange for growth-limiting nutrients. Therefore, the ectomycorrhizal
community has the potential to significantly alter tree carbon and soil nutrient supply and flow. The
Aspen-FACE study in Rhinelander, Wisconsin provides an opportunity to examine the fungal community
composition under elevated CO, and O;. Annual sporocarp and root-tip sampling of ectomycorrhizal
fungi was first implemented in 2002 and will continue this summer coupled with fungal identification
within the soil. This information is critical in order to characterize the mycorrhizal fungal communities
under elevated CO, and O;. After this has been accomplished, possible future studies include: the
quantification of the vesicular-arbuscular mycorrhizal spore abundance at the FACE study site, and
functionality experiments that test the ability of mycorrhizal fungi to take up carbon and other nutrients
using greenhouse or growth chamber pot grown cultures.

Characterization of Populus tremuloides (Aspen) COMT, 4CL1 and 4CL2 Gene Promoters to
Identify Cis Regulatory Elements. EDWARD ANINO', SARA BLUMER', PRIIT PECHTER', SCOTT
HARDING', & CHUNG-JUI TSAI', 'School of Forest Resources and Environmental Science, Michigan
Technological University

The phenylpropanoid pathway is utilized by plants for the biosynthesis of a wide range of secondary
metabolites that play important roles in plant growth, structural support and defense response. We are
interested in identifying cis regulatory elements that are important for spatiotemporal regulation of
phenylpropanoid gene expression. Three aspen gene promoters, caffeic acid O-methyl transferase
(COMT), and 4-Coumarate: CoA ligase 1 (4CL1) and 2 (4CL2) are targeted for this research because of
the unique positions they occupy in the phenylpropanoid pathway. 4CL activates the hydroxycinnamates
to their corresponding high-energy CoA-esters, with the two isoforms, 4CLI and 4CL2, differentially
involved in lignin and flavonoid biosynthesis respectively. COMT on the other hand, catalyzes the O-
methylation of 5-hydroxyconiferaldehyde specifically for syringyl (S) lignin biosynthesis. To identify
putative regulatory elements on these promoters, we have generated independent lines of transgenic aspen
harboring serial promoter deletions fused to the GUS reporter gene. Histochemical analysis of the
transgenic aspen have revealed various tissue-specific GUS expression patterns. Promoter regions
conferring regulatory activities will be targeted for DNA footprinting analysis to identify the exact cis
regulatory elements.
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Changes in Arthropod Communities as a Result of Beech Bark Disease Invasion in Upper
Peninsula Forests. BRIAN L. BEACHY' & ANDREW J. STORER', 'School of Forest Resources and
Environmental Science, Michigan Technological University

Beech bark disease (BBD) is an exotic forest disease complex that is currently spreading towards the
northwestern range limit of American beech (Fagus grandifolia). As BBD kills beech trees, changes in
the canopy and understory will likely alter habitat suitability for many species. This research examines the
impacts of BBD on arthropod communities in the Upper Peninsula of Michigan. Fifteen study sites were
used: five in beech forests with BBD, five in beech forests without BBD, and five in hardwood forests
without beech. Several trapping methods were used to measure community composition and species
abundances of arthropods at each study site. Flight intercept panel traps were baited with ethanol and
longhorned beetle lures to capture wood infesting insects. Blacklight traps were used to sample nocturnal
flying insects, particularly Lepidoptera. Pitfall traps were used to characterize ground dwelling arthropod
communities. Ongoing analyses are revealing differences in relative abundance of arthropod taxa among
site types. In particular, bark beetles were significantly more abundant in beech forests without BBD than
beech forests with BBD. Differences in arthropod community structure among site types indicate that
beech bark disease is altering forest arthropod communities.

Impact of Overexpression of Cellulose Biosynthesis-Related Genes on Aspen Trees. PUSHPINDER
(PINKU) BRAR' & CHANDRASHEKHAR P. JOSHI?, 'Biotech Research Center, School of Forest
Resources and Environmental Sciences, Michigan Technological University

In the era of declining forests and continuing expansion of industrialization, it is essential to consider
the improvement in cellulose production in economically important trees like aspen. Secondary cell walls
of plants contain more cellulose of higher degree of polymerization, higher crystallinity, and lower
microfibril angle. Our group has isolated 7 cellulose synthase (CesAs) aspen genes from which three
genes PtrCesAl, PtrCesA2, and PtrCesA3 share a high degree of similarity (>86%) with three secondary
CesAs from Arabidopsis. Function of these three secondary CesAs during xylem development in aspen
trees is currently not known but they are coordinately expressed in aspen woody tissues. We propose that
the up-regulation of one, two, or all three of these genes will most likely alter the cellulose content and
properties. Moreover, sucrose synthase (SuSY) provides UDP-glucose, the raw material for cellulose
biosynthesis. So the main objective of our research is to transform aspen trees with overexpression
constructs of three aspen CesAs and SuSY under the regulation of 35S promoter. Transformed plants will
be grown in vitro and later will be transferred to the greenhouse. Molecular analyses will be carried out to
characterize the integration of gene insertion and level of transgene expression. Based on these analyses
we anticipate identifying transgenic aspen trees with altered level of secondary CesAs resulting in
increased production of better quality of cellulose.
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Insect Herbivory on Low-Lignin Transgenic Aspen. SARAH E. BRODEUR-CAMPBELL', JOHN A.
VUCETICH', & CHUNG-JUI TSAI', 'School of Forest Resources and Environmental Science, Michigan
Technological University

Low-lignin transgenic aspen was previously developed which displayed altered growth phenotypes and
phenolic concentrations, which could affect the suitability of these plants for insect herbivores. Four lines
of low-lignin transgenic aspen and one wild-type control line were used to examine host suitability effects
in foliar feeding studies. Survival and growth of gypsy moth and forest tent caterpillar larvae were
measured to determine effects caused by feeding on control versus transgenic leaves. One transgenic line
significantly reduced growth of both species of insects, and significantly reduced survival for gypsy
moths, while survival and growth of insects on the other transgenic and control lines were not different.
Two-choice preference trials were also conducted, comparing second and fourth instar larval feeding
preferences between control plants and two transgenic lines. In three of the four tests, larvae preferred
transgenic leaves, with no preference in the fourth test. The results of the development trials indicate that
the down-regulation of the lignin gene has not affected host suitability for the majority of the transgenic
plants, with regards to the insect species tested. However, a possible preference for feeding on some lines
of transgenic leaves could make those trees more vulnerable to pests.

Vegetation and River Influences on Carbon and Nitrogen in the Subsurface Water of a Managed
Forested Riparian Wetland. EMILY B.W. CALHOON' & MARGARET R. GALE', 'School of Forest
Resources and Environmental Science, Michigan Technological University

Managing forested wetlands causes changes in vegetation community structure, which can in turn affect
wetland hydrology and nutrient dynamics that feed back to influence vegetation changes. It is important
to understand how vegetation community changes affect subsurface hydrochemistry of wetlands because
of hydrochemistry effects on ecosystem functions. Riparian wetland hydrology is largely influenced by
the rivers that flow adjacent to them and thus hydrology can play an important role in nutrient dynamics
in the subsurface water of riparian forested wetlands as well. Yet, the influences of different vegetation
communities in a forested wetland and river hydrology on nitrogen and carbon dynamics in the
subsurface water of riparian wetland systems are poorly understood. Nitrogen, carbon and conductivity
concentrations in subsurface water of a forested riparian wetland were explored across three distinctly
different vegetation communities: an A/nus incana stand, a harvested area replanted with Pinus banksiana
and a mature Picea mariana-Larix laricina-Pinus banksiana stand. Dissolved inorganic carbon (DIC),
nitrate (NO;) and conductivity had peak concentrations at the Alnus incana stand next to the river.
Dissolved organic carbon (DOC) and ammonium (NH4) were similar across all three vegetation
communities. However, DOC had significantly lower values at the river than in the three vegetation
communities. Canonical correspondence analysis will be performed on the data set to help determine
weather the influences on these nutrients are vegetation species, hydrology or a combination of both.
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Characterization of the Molecular Recognition Features of Yeast CHD1 Chromodomains. RENU
CHANDRASEKARAN' & MARTIN J. THOMPSON?, 'Department of Chemistry, Michigan
Technological University

In the nuclei of all eukaryotic cells, genomic DNA is highly folded, constrained and compacted by
histone proteins forming a dense complex called chromatin. Histones are known to undergo highly
regulated posttranslational modifications that have been shown to impact transcriptional regulation and
epigenetic phenomena. For example, acetylated histones are strongly correlated with increased levels of
gene expression, whereas methylation is associated with maintenance of silenced states. These
modifications generate unique binding surfaces for different effector proteins. Chromodomains are
protein modules that recognize methylated lysines on histones and are found in many proteins involved in
gene silencing. Computational analysis of the yeast CHDI1 chromodomains shows high sequence
homology between the chromodomain of HP1 from Drosophila melanogaster (shown to recognize
methylated lysine9 on histone H3) and the chromodomain of CHD1. The major goal of this work is to
examine the interactions between histones and chromodomains and to understand the molecular
recognition features of the two tandem chromodomains from CHD1. The specific aim is to characterize
the ability of individual chromodomains to; (1) distinguish demethylated versus mono-, di- or tri-
methylated lysines, and (2) discriminate between methylation at different sites in the histone sequence.
Binding of native and mutant chromodomains with histones displaying different methylation states will
be examined using steady-state fluorescence techniques. Comparison of native and mutant
chromodomains will be performed to characterize molecular recognition features of the system. The
long-range objective is to use chromodomain/methyl-lysine sites as targets for developing small-
molecules competitors capable of disrupting localization of protein complexes responsible for
maintenance of gene silencing.

Effects of Mean Annual Temperature and Vegetation Type on Soil Carbon Quality in North
American Forests. CINZIA FISSORE' & CHRISTIAN P. GIARDINA?, 'School of Forest Resources
and Environmental Science, Michigan Technological University, *North Central Research Station, USDA
Forest Service

Temperature influences belowground carbon cycling, but many uncertainties remain regarding the
effects of mean annual temperature (MAT) on soil carbon quality. In particular, it is unclear how
temperature alters the physical and chemical protection of organic matter in the more stable soil carbon
fraction. In this study we summarized data on acid insoluble carbon (AIC) and mean residence time
(MRT) from published studies and found a negative but non-significant correlation between AIC (soil
content or percent of total soil carbon) and MAT (AIC = -MAT x 0.38 + 43; R* = 0.01; p= 0.59). From
the analyses of MRT of the recalcitrant fraction there is a positive but non-significant relationship
between AIC turnover time and MAT (R* = 0.08; p = 0.25), although the oldest AIC values were from the
warmest sites. We explored these relationships more precisely by examining soil C quality through
incubation in soils of paired hardwood and pine dominated sites across an MAT gradient ranging between
—2° C and 20° C from Georgia to Colorado. Clay content across pine stands varied from 1% and 12.3%,
with no relationship to MAT, while across hardwood clay content ranged between 2% and 16%, again
with no relationship to temperature. Preliminary results after 86 days of incubation at a single incubation
temperature (30°C) show a significant relationship between MAT and soil carbon decomposition rate (R>
=0.778, p = 0.002), indicating for more labile carbon pools lost in the first part of an incubation, carbon
quality increases with MAT. As the incubation continues, we will examine how the more recalcitrant
component of soil carbon relates to MAT.
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The Time Course of Shear Stress Induced Changes in Bone Protein and Transcription Factor
mRNA Levels in Osteocyte-Like MLO-Y4 Cells. LINDSAY M. GODIN', LAURA R. MCCABEz,
CHUNG-JUI TSAI', & SETH W. DONAHUE?, 'School of Forest Resources and Environmental Science,
Michigan Technological University, “Michigan State University, *Department of Biomedical Engineering,
Michigan Technological University

Bone adapts to mechanical loading. Osteocytes are the most abundant cell type in bone. They are
embedded throughout the tissue, and considered the mechanosensor of bone. We are investigating the
response of osteocytes to mechanical stimulation (fluid flow induced shear stress). The murine long bone
osteocyte-Y4 (MLO-Y4) was exposed to 20 dynes/cm” at 1 Hertz for 1 hour. Cells were incubated in
culture media following testing for 1, 3, 6, 12, or 24 hours. RNA was isolated, and RT-PCR was
performed. PCR products were run on a 1.2% agarose gel with ethidium bromide staining. All PCR
products were normalized to a housekeeping gene (cyclophilin).

Osteocalcin was downregulated at 1 hour and upregulated at 6 hours. Cyclooxygenase-2 was
downregulated at 12 hours and has been upregulated at 24 hours in previous studies. The AP-1
transcription factor Fra-2 was upregulated after 1 hour, and c-Jun was downregulated at 1 hour. The
osteoblastic transcription factor Runx2 was downregulated after 1 hour. Osteocytes respond to
mechanical stimuli with temporal changes in mRNA expression. Quantification of mechanically induced
bone protein and transcription factor mRNA levels will improve understanding of bone adaptation to
mechanical loading.

The Legacy of a Protected Deer Herd in Great Smoky Mountains National Park. JENNIFER A.
GRIGGS' & CHRISTOPHER R. WEBSTER', 'School of Forest Resources and Environmental Science,
Michigan Technological University

Overabundant deer populations pose significant challenges to the conservation of native plant
communities. We examined the effects of a protected white-tailed deer population on forest plant
communities in Cades Cove, TN. During the late 1970s, this herd reached 43 deer/km” before a series of
population crashes. The contemporary deer herd has not been quantified, but remains well above
presettlement levels. Data from long-term monitoring plots indicated a dramatic loss in species richness
and cover of forbs, shrubs, vines, and tree seedlings over the past 25 years. Percent cover of native species
also declined, and advanced tree regeneration has nearly vanished due to chronic browse. To assess the
contemporary impacts of deer on the plant community and the prospects for recovery, an exclosure study
was installed eight years ago. Following eight years of deer exclusion, recovery of native species has
been slow, and the prospect for recovery of locally extirpated species without active restoration is
uncertain at best. This study addresses biotic impoverishment and homogenization of plant communities
in a National Park and questions the efficacy of traditional park management.
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Effect of Meniscal Cell Morphology on the Local Mechanical Environment of Tissue Explants.
TUMUL GUPTA' & TAMMY L. HAUT DONAHUE', 'Department of Mechanical Engineering —
Engineering Mechanics, Michigan Technological University

Partial excision of damaged meniscal tissue within the knee changes the loading on the meniscus and its
biosynthetic activity. This often leads to degradation of the meniscus and osteoarthritis of the knee. A
better understanding of how cells within meniscal tissue perceive their mechanical environment and
hence regulate biochemical activity will assist in improving treatments for damaged menisci. We
hypothesize that a cell’s location and morphology affects its loading. This hypothesis was tested by
utilizing a 2D finite element model of a 6mm diameter by Smm high explant in unconfined compression
within which a 10pm diameter cell was submodeled at various locations. The morphology of the cell was
compared between a circular cell and an elliptical cell. Preliminary results show that fluid velocities
increase from the center of the explant to the radius while fluid pressures decrease from the center to the
radius. At the cellular level, fluid velocities, stresses and strains are greater for cells closer to the radial
free edge of the explant. Elliptical cells experience greater fluid velocities than circular cells. This shows
that a cell’s proximity to a free edge increases its mechanical loading and an elliptical cell perceives this
loading to be greater.

Effects of Altered Lignin Biosynthesis on Properties of Populus tremuloides. JESSICA HANCOCK,
CHRISTIAN GIARDINA?*, WENDY LOYA', & KURT PREGITZER' 'School of Forest Resources and
Environmental Science, Michigan Technological University, > North Central Research Station, USDA
Forest Service

Intensive work on lignin biosysnthesis in aspen (Populus tremuloides) has resulted in lines that express
varying levels of lignin in wood. The ability to alter both the quality and quantity of lignin in fast growing
aspen trees could be a potential tool for increasing carbon sequestration in aspen plantations. However,
there is limited knowledge on how the alteration of lignin biosynthesis affects fine tissue quality (i.e.,
leaves and roots), leaf physiological properties, or whole plant architecture. We grew 3 lines of
genetically modified Populus and a control, unaltered line of Populus in greenhouse mesocosms and
measured maximum photosynthesis at light saturation, photosynthetic light response curves and
monitored changes in plant height, leaf morphology, and total leaf area over time. The genetic lines used
for the experiment included (i) low lignin, normal quality (23), (ii) low lignin, altered quality (141), and
(iii) normal lignin, altered quality (93). Altering lignin quality but not quantity (line 93) reduced mean
plant height and leaf area, but other alterations to lignin biosynthesis did not demonstrate differences from
the control. Line 93 also displayed lower maximum photosynthetic rates compared to other lines, which
again all had similar rates of maximum photosynthesis. Aspen with altered lignin quantity (23)
demonstrated higher photosynthetic rates across a range of light levels compared to controls, while aspen
with altered lignin quality (93) demonstrated a lower light response curve. These findings suggest that
some modifications of lignin biosynthesis can alter plant functioning and form, while other modifications
may have relatively minor impacts.
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Relationships Between Stand Structure and Natural Regeneration of Native Monterey Pine (Pinus
radiata) Forests. BRIAN P. HENRY', ANDREW J. STORER', DAVID L. WOOD’, & THOMAS
R.GORDON’, 'School of Forest Resources and Environmental Science, Michigan Technological
University, *University of California, Berkeley, *University of California, Davis.

Native Monterey pine (Pinus radiata) forests occur in three mainland populations on the central coast of
California with a total area of about 4,480 hectares. These forests are valuable native ecosystems and an
important genetic resource for the international timber trade of Monterey pine. The proposed research
focuses on the largest native population which is on the Monterey Peninsula. This forest has been
fragmented by urbanization and invaded by the exotic pathogen, Fusarium cirinatum, which causes pitch
canker. The objectives of this research are to characterize the structure and regeneration of the largest
remaining continuous tracts of native Monterey pine forest. Data collected will include tree species,
diameter, position in the canopy, amount of regeneration, and damage from pests and diseases within
thirty 100 x 5 meter belt transects and ninety 0.04 hectare plots. Relationships between overstory
conditions and regeneration will be compared with those from data collected in 1999. It is anticipated that
overstory tree mortality associated with pitch canker will have resulted in canopy openings, and a
subsequent increase in regeneration. It has been hypothesized that surviving regeneration will have a
greater proportion of individuals that are resistant to pitch canker as a result of natural selection processes.

The Ecological and Evolutionary Significance of Trillium Hybrid Swarms on South Manitou
Island, Lake Michigan. PETER M. HURLEY' & DAVID J. FLASPOHLER', 'School of Forest
Resources and Environmental Science, Michigan Technological University

We will investigate the possibility of introgressive hybridization between Trillium erectum and T.
flexipes on South Manitou Island. T. flexipes and T. erectum are members of the taxonomically difficult
Trillium erectum complex, a monophyletic species group within Trilliaceae. Species within this complex
are thought to readily hybridize where populations overlap, and the occurrence of reticulate evolution
seems probable in some cases. Despite the apparent frequency of the phenomenon within the erectum
complex, no published work has yet investigated the ecological or evolutionary implications of
hybridization and/or genetic introgression within this group. Recent surveys suggest that hybrid
genotypes are common in South Manitou’s hardwood forests. Additionally, intermediate or hybrid forms
appear to be more common than parental forms, suggesting the possibility of either an allopolyploid or
homoploid speciation event. We will use a combination of molecular and morphological approaches to
test the hypothesis that the island’s numerically dominant phenotypes are of hybrid origin. If evidence of
introgressive hybridization is found, we will further examine the possibility of adaptive evolution as a
consequence of genetic introgression or hybridization in the erectum complex, both on South Manitou
Island and in other areas where hybrid swarms are known to occur.
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The Effects of Elevated CO, and O; on Concentrations of Amino Acids, Organic Acids, Phenolics,
and Total Sugars within the Rhizosphere of Three Plant Communities. ROBIN M. JOHNSON' &
KURT S. PREGITZER', 'School of Forest Resources and Environmental Science, Michigan
Technological University

Atmospheric CO, and O; are becoming a growing concern because of their potential to alter forest
productivity and nutrient cycling. Researchers at Michigan Technological University along with various
other collaborating organizations and universities have been studying the effects of these trace gases on
three plant communities in a large-scale field experiment since 1997. The goal of this field study is to
understand the response of plant communities to future atmospheric conditions. The purpose of this
research is to study the concentration of organic acids, amino acids, phenolic acids, and sugars within the
rhizosphere of plant communities subjected to elevated CO, and Os at this site. A series of objectives aim
to identify and quantify these compounds among the plant communities and also over time. These
objectives include: 1) identify several chemical compounds in the rhizosphere using the HPLC and
spectrophotometer and study their change in concentration between treatments, 2) determine if and how
species composition effects the rhizosphere chemistry and 3) examine how these compounds are
influenced throughout the growing season. We hypothesize that increased fine root biomass in the
elevated CO; treatment will positively influence the concentration of selected compounds in the soil,
whereas the elevated O; treatment will reduce concentrations because of decreased root growth. Because
of the different growth patterns of the three trees species at this site (Populus tremuloides, Betula
papyrifera, Acer saccharum), we also expect to see differences in rhizosphere chemistry between the
plant communities. In the ozone plus elevated CO, treatment, a canceling out effect is expected that will
result in data similar to that of the control. We expect concentrations of the compounds to be the highest
in late summer and slowly decline as the trees start to senesce.

Biogeographic Distribution and Genetic Diversity of Sarracenia purpurea within the Western Lake
Superior Watershed. JENNIFER M. KARBERG' & MARGARET R. GALE', 'School of Forest
Resources and Environmental Science, Michigan Technological University

Restoring a plant population requires an understanding of 1) how plant morphology is adapted to
particular site locations and 2) the inherent genetic diversity and relatedness of populations. To better
understand the restoration ecology of Sarracenia purpurea L. Sarraceniaceae (the northern pitcher plant)
we used demographic and genetic diversity measures to compare populations in the Western Basin of
Lake Superior. We measured demographic characters (flower #, leaf #, fruit #.) and compared genetic
diversity for six populations from Isle Royale National Park, the Keweenaw Peninsula, and Sibley
Peninsula, Canada.  Analysis of genetic and demographic data showed Canadian populations to be less
robust than Isle Royale and Keweenaw populations with smaller population sizes and plant sizes possibly
due to the limestone bedrock underlying Canadian populations, creating less acidic situations.
Examination of genetic diversity patterns corresponded with morphological data; Canadian populations
are slightly distinct from Keweenaw and Isle Royale populations, which are indistinguishable. The
pitcher plant, as a whole, has low genetic diversity and populations across great distances tend to be fairly
similar. This indicates that restoration can take place within the Western Basin of Lake Superior using a
variety of seed sources but regional geology may influence observed plant morphology.

10
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Divergent Genes and Bidirectional Promoters in the Rice Genome. NICHOLAS KROMI, ASHA
LATHA LAKKAVARAM' & RAMAKRISHNA WUSIRIKA', 1Department of Biological Sciences,
Michigan Technological University

Divergent genes are organized head-to-head on opposite strands. When these genes are separated by
less than 1 kb, they are likely to share a single promoter that acts in a bidirectional manner. We are
investigating the presence of bidirectional promoters and the organization and expression of divergent
genes in the completely sequenced rice genome. Using sequence and expression data from The Institute
for Genomic Research (TIGR) Rice Genome Annotation Database and Resource, we found 175 pairs of
divergently arranged genes, excluding those containing transposons and hypothetical genes. Statistical
analysis was performed on the expression data for seven tissue types, and each pair was classified
according to the degree and type of expression patterns found between its two genes. We are evaluating
the bidirectional nature of five promoters from rice based on their ability to drive the expression of
reporter genes, GUS and luciferase in both forward and reverse orientations. Further, we will investigate
the level of conservation of rice bidirectional promoters in maize. Regulation of gene expression by
bidirectional promoters of rice and maize will be explored using real time reverse-transcriptase (RT)
PCR. These bidirectional promoters can be used for co-expressing multigene traits that have commercial
applications.

Bat Inventory and Monitoring at Selected National Parks within the Great Lakes Network. LAURA
KRUGER', BILL ROUTE?, & ROLF O. PETERSON', 'School of Forest Resources and Environmental
Science, Michigan Technological University, *National Park Service Great Lakes Network

In the Northern Great Lakes region, there is a paucity of information on temperate bat populations.
More specifically, little is known about the role Northern Hardwood ecosystems play in the diversity and
distribution of bat species in this region. The recognized importance of temperate bats as key components
of Northern Great Lakes ecosystems has placed them as a high priority for biological inventory at several
parks within the Great Lakes Inventory and Monitoring Network (GLKN). Through acoustic sampling
and mist netting, inventories were conducted at the following parks in the GLKN: Pictured Rocks
National Lakeshore (PIRO), Michigan; Apostle Islands National Lakeshore (APIS), Wisconsin; and
Grand Portage National Monument (GRPO), Minnesota. At PIRO and APIS, further methods were
developed to monitor bat activity in habitats of concern to park managers. Within the lakeshore and
inland buffer zones of PIRO, the effects of differing forest structure (due to diverse past and present
silvacultural practices) on bat species composition and activity was investigated. Within APIS, shoreline
habitat was examined to determine the importance of seacaves to mainland and island bat populations.
This poster will illustrate results from the inventory and monitoring efforts and discuss future bat-
monitoring options for GLKN parks.

11
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Effects of Elevated Atmospheric CO, and Tropospheric O; on Leaf Litter Production and
Chemistry in Trembling Aspen and Paper Birch Communities. LINGLI LIU', JOHN S. KING', &
CHRISTIAN P. GIARDINA®. 'School of Forest Resources and Environmental Science, Michigan
Technological University, > North Central Research Station, USDA Forest Service.

Human activities are increasing the concentrations of CO, and Oj; in the atmosphere, and these changes
have the potential to alter leaf litter chemical composition and the quality of carbon inputs to forest soils.
Because tissue quality and the quantity of labile and recalcitrant carbon compounds entering soils
influences nutrient and carbon availability, changes in leaf tissue chemistry and quantity are critical to
understanding global change impacts on forests. According to carbon nutrient balance hypothesis (CNB)
and growth-differentiation balance hypothesis (GDB), we predicted the fertilization effect of elevated
CO; would cause an accumulation of nonstructural carbon and increased content of secondary compounds
associated with higher biomass production, while the phytotoxic effect of O; would result in higher
defensive compounds content associated with lower biomass production. To address these questions,
forest litter was collected from aspen and birch-aspen communities at the Aspen-FACE site in
Rhinelander, WI. Litter was analyzed for mass and chemistry including C, N, carbohydrates, carbon-
based defensive compounds (phenolics, condensed tannins), lignin, cellulose and hemi-cellulose. Elevated
CO, significantly increased soluble sugar content and lowered N concentration of senesced litter.
However, elevated CO, significantly increased litter biomass production, which resulted in an increase in
the flux of N to soil. Elevated O; significantly reduced biomass production, and increased leaf tissue
content of soluble sugar, soluble phenolics and condensed tannins. Lower biomass production and
nitrogen content resulted in a significant decrease of N fluxes under elevated O;. No significant effects of
the CO, and Oj; treatments were observed for the content of carbon structure compounds (cellulose,
hemicellulose and lignin). However, elevated CO, significantly increased cellulose fluxes to soil, while
hemicellulose and lignin ecosystem inputs were significantly reduced by elevated O;. Our results
suggested that CNB and GDB hypotheses provide useful guide to predict the effects of CO, and O; on
litter biomass and chemistry change. Our study also indicated the impact of litter chemical change under
elevated CO, or O; on ecosystem level could be magnified or diminished by litter biomass production.

Garlic Mustard (Alliaria petiolata): Detection and Management in the Upper Peninsula of
Michigan. JENNIE M. LUND' & LINDA M. NAGEL', 'School of Forest Resources and Environmental
Science, Michigan Technological University.

Garlic mustard (Alliaria petiolata M. Bieb [Cavara and Grande]) has become a problem in the United
States since first recorded on Long Island, New York in 1868. It has invaded and choked out native
vegetation, prevented tree regeneration, and affected Pieris virginiensis and Pieris napi oleraceae
butterfly reproduction. Garlic mustard’s prolific seeding, persistent seedbanking, and obligate biennial
nature make it difficult to eradicate. The purpose of this research is to determine burning and herbicide
effects on garlic mustard, its seedbank, and surrounding vegetation, and to identify its germination pH
limits. Herbicide treatments were applied to burned and unburned plots in an invaded dumpsite in the
eastern Upper Peninsula of Michigan. Before herbiciding in fall 2004, soil seedbank samples were
collected, and overstory characteristics and density and percent cover of all species were measured.
Further data will be collected before and after burning in spring 2005. Vegetation and seedbank
differences are expected between treatments, as are seedbank differences between mineral soil and litter
layers. We expect herbicide sprayed versus unsprayed patches at a roadside park to have smaller
seedbanks. Seeds collected for laboratory germination tests at different pH levels are expected to be
inhibited at levels below 5 and above 10.
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Influence of Lake Superior Shoreline Housing Development on Breeding Bird Communities.
MICHELLE T. MANAROLLA' & DAVID J. FLASPOHLER', 'School of Forest Resources and
Environmental Science, Michigan Technological University

In rural portions the Upper Great Lakes region, shoreline housing development is progressing more
rapidly than inland development. The objective of this study is to examine the influence of shoreline
development on breeding bird communities along forested portions of Lake Superior. I hypothesize that
anthropogenic changes related to housing development will alter bird community structure compared to
areas without human development. I selected stretches of shoreline with and without housing/cottage
development. Between late May and early July of 2004, I used point counts to characterize bird
community structure. Preliminary analyses suggest that bird relative abundance was greater in
undeveloped areas and average species diversity was greater in developed areas. American robins
(Turdus migratorius) were nine times more abundant in developed areas compared to undeveloped areas
and chipping sparrows (Spizella passerine) were nearly six times more abundant in developed areas than
undeveloped areas. Hermit thrushes (Catharus guttatus) and winter wrens (7roglodytes troglodytes) were
four times as abundant, and yellow-rumped warblers (Dendroica coronata) were twice as abundant in
undeveloped areas compared to developed areas.

A Coarse Woody Debris Inventory of Marcell Experimental Forest, Minnesota USA: a Larger Pool
of Carbon at the Wetland-Upland Interface. J. D. McCLURE, **!, D. GRIGAL *, & R. K. KOLKA °,
'School of Forest Resources and Environmental Science, Michigan Technological University, > North
Central Research Station, USDA Forest Service, “North Central Research, USDA Forest Service,
*University of Minnesota

Coarse woody debris (CWD) is a large pool of carbon often under-represented and/or poorly quantified;
as exemplified by the complete carbon inventory of the Marcell Experimental Forest, Minnesota USA
which neglected to quantify CWD. In order to alleviate this discrepancy, we inventoried Marcell’s CWD
(>2.5 cm diameter) for biomass in concert with standing-tree basal area, species, cover type, and
landscape position data. CWD biomass differed significantly among cover-types and landscape positions
(P<0.05), while mean separation tests indicated considerable overlap in the means. Of Marcell’s nine
vegetation cover-types, Lowland Hardwoods contained the greatest biomass (25.9 Mg ha™) of CWD,
while Lowland Conifers comprised the lowest (4.0 Mg ha™). Of the six identified landscape positions,
CWD biomass (irregardless of cover-type) was found greatest for toe slope positions (20.3 Mg ha™),
while wetland positions contained the least (9.37 Mg ha™). Our data suggests that the interface where
upland vegetation (especially hardwood dominated vegetation) converges with wetlands is a significant
region of CWD recruitment. We suppose that Marcell’s CWD pool at the wetland-upland interface is a
function of increased productivity, larger shoot to root ratio, a shallow subsurface hydrology that
fluctuates, and/or an abrupt atmospheric transition from relatively open, lower stature wetland vegetation
to more continuous, taller upland vegetation.
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Establishment of an Ash (Fraxinus spp.) Monitoring Plot System in Michigan with Preliminary
Results from the Upper Peninsula. JESSICA A. METZGER', SARAH E. BRODEUR-CAMPBELL',
MICHAEL D. HYSLOP', ANDREW J. STORER', & JOHN A. WITTER’. 'School of Forest Resources
and Environmental Science, Michigan Technological University, *University of Michigan

Biological invasions have become an increasing problem affecting the health of forests worldwide. In
July 2002, wood-boring beetles collected from ash trees in southeastern Michigan were identified as
Agrilus planipennis Fairmaire (Emerald Ash Borer (EAB)). Since the initial discovery of this exotic pest,
it has spread and established throughout portions of Lower Michigan. With the current known geographic
range of EAB, the opportunity exists to establish baseline data on the health of the ash resource in
Michigan before the perhaps inevitable spread of the pest. By creating an ash monitoring plot system we
want to document the present state of the ash resource, changes in the ash resource over time, and
determine abiotic and biotic factors affecting tree health. During the summer of 2004, a network of 142
monitoring plots was established throughout the state. A range of tree health data was measured in each
plot. The plots represented a wide range of ash stand types. No signs of EAB were detected in any of the
46 Upper Peninsula (U.P.) plots. Overall, ash trees in the U.P. are vigorous with limited amounts of
damage. This project will continue with the establishment of additional plots in summer 2005.

Five a-Tubulin Isoforms from Quaking Aspen have Different C-Terminal Amino Acid Residues
with Implications for Post-Translational Modifications. RODNEY OAKLEYI, YUH-SHUH WANGI,
SCOTT HARDING', & CHUNG-JUI TSAI', ' Biotech Research Center, School of Forest Resources and
Environmental Science, Michigan Technological University

Wood is derived from secondary xylem and has a complex chemical makeup, containing cellulose,
hemicelluloses, lignin and several cell wall proteins. The biomass of wood consists of more than 50%
cellulose and the orientation of these cellulose microfibrils effect the physical and chemical properties of
the wood. There is considerable evidence that cortical microtubules influence the orientation of these
cellulose microfibrils. Microtubules are polymers made up of repeating heterodimers of a- and B-tubulin
subunits. Both a- and B-tubulins are encoded by multi-gene families. There are several possible post-
translational modifications that tubulins can undergo, and all but one of these modifications occurs at the
hypervariable C-terminus. Five full-length a-tubulin cDNA clones have been obtained from vascular
tissues of quaking aspen (Populus tremuloides Michx.). They all encode highly similar proteins that differ
only in their C-terminus. We will discuss the expression patterns, protein levels and post-translational
modifications of these a-tubulins during growth and wood formation in quaking aspen.
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Effectiveness of Nondestructive Evaluation Techniques for Assessing Standing Timber Quality.
CRYSTAL L. PILON'? & ROBERT J. ROSS?, 'School of Forest Resources and Environmental Science,
Michigan Technological University, > USDA Forest Products Laboratory

The primary objective of this study is to determine the usefulness of two stress wave analysis
techniques, one which was developed in the laboratory and has proven to be effective in determining
standing timber quality; the other recently developed as a commercial tree evaluation tool and has not yet
been tested in the field. The secondary objective of this study is to investigate the quality of plantation-
grown red pine (Pinus resinosa) trees. Field measurements using both tools were conducted on sixty red
pine trees in south-central Wisconsin. After in-situ measurements were taken, thirty tested trees were
selectively harvested and a 15-foot-long butt log was obtained from each felled tree. The butt logs were
then sent to the Forest Products Laboratory of Madison, Wisconsin and nondestructively tested using a
resonance stress wave technique, then destructively tested using three-point static bending to determine
modulus of elasticity. Results of this study indicate that the new instrument gives results comparable to
those of the original stress wave method, and that in-situ stress wave measurements correlate with wood
modulus of elasticity. These results indicate that stress wave testing may be a valuable method for
determining standing timber quality.

Validating and Re-Calibrating the Diameter Increment Model of the Lake States Variant of the
Forest Vegetation Simulator Using Michigan Forest Inventory and Analysis Data. BHARAT
POKHAREL' & ROBERT E. FROESE', 'School of Forest Resources and Environmental Science,
Michigan Technological University

The Forest Vegetation Simulator (FVS) is a widely used forest vegetation modeling framework
developed by the USDA Forest Service. Over twenty FVS variants have been developed across the
United States to customize the model to regional conditions. The Lake States variant of FVS uses TWIGS
(The Woodsman’s Ideal Growth Projection System) as the tree growth engine, which is conceptually
quite different from the variants developed elsewhere. The performance of the Lake States FVS variant
has neither been rigorously tested compared to the original TWIGS model, nor been re-calibrated
uniquely for Michigan conditions. This study will attempt to examine and validate the performance of the
diameter increment model of the Lake State FVS variant. The model will be evaluated in terms of
diameter increment prediction accuracy using independent data from the Michigan Forest Inventory and
Analysis (FIA) database, which includes a wide range of environmental conditions, forest types,
disturbance regimes and management scenarios. If necessary, model will be partially or completely re-
calibrated for immediate use for the major Michigan tree species. Validation and re-calibration are
continuous processes of model development, which boost user confidence and reliability of model
predictions.
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Intensive Management, Deer Herbivory, and Exotic Earthworms Contribute to Pennsylvania Sedge
Invasiveness in Wisconsin’s Northern Hardwood Forests. MATT POWERS' & LINDA NAGEL?,
'School of Forest Resources and Environmental Science, Michigan Technological University

Natural resource professionals in northern Wisconsin have observed dramatic increases in the
abundance of Pennsylvania sedge (Carex pensylvanica Lam.) in some hardwood forests. This native
species displays invasive behaviors in these stands, forming dense mats that limit tree regeneration and
understory diversity. We examined the relationship between management intensity, deer density, exotic
earthworm density, and Pennsylvania sedge cover in 18 hardwood forests. We selected stands based on a
gradient of management history (even-aged, uneven-aged, and unharvested second growth) and deer
density (moderate density, 10 to 20 deer/km® or high density, >20 deer/km”). Uneven-aged stands, and
even-aged stands with high deer densities were associated with the highest levels of sedge cover, while
increases in earthworm density had varied relationships with Pennsylvania sedge depending on the
combination of management and deer density factors. These preliminary findings indicate changes in
disturbance regimes and soil processes have the potential to alter the dynamics of the understory
community, and have a direct relationship with the formation of Pennsylvania sedge mats in Wisconsin’s
forests.

Cloning and Characterization of Glycine Decarboxylase and Serine Hydroxymethyltransferase
Genese in Populus Tremuloides. MOHAN RAJINIKANTH', SCOTT HARDING?, & CHUNG-JUI
TSAP, 'School of Forest Resources and Environmental Science, Michigan Technological University

One carbon (C1) units are used in the biosynthesis of nucleotides and metabolites such as lignin and
nicotine. Glycine decarboxylase (GDC) and serine hydroxymethyltransferase (SHMT) are a key source of
C1 units in all organisms; additionally, they participate in photorespiration. GDC comprises four protein
subunits- H, L, P and T. Nine isoforms of shmt, four isoforms of gdc H protein and two isoforms each of
L, P and T subunits of gdc are predicted from the Populus genome. The presence of multiple isoforms
may suggest a division of labor of gdc and shmt in their photorespiratory and C1 metabolism functions.
Our goal is to characterize gdc and shmt isoforms in Populus tremuliodes (quaking aspen) and examine
their roles. So far our group has cloned one isoform each of gdc L, P and T, two isoforms of H protein
(gdcH1 and gdcH3) and five isoforms of shmt (shmt1-5). gdc components L, P and T and shmtl do not
show a tissue-specific pattern of expression. gdcH1 and shmt3 preferentially express in non-
photosynthetic tissues while gdcH3 and shmt2 express in photosynthetic tissues only. Complementation
analysis of knock-out yeast with gdcH1 and gdcH3 revealed that these genes are functionally active. Our
results suggest that gdcH3 and shmt2 may participate in photorespiration and gdcH1, shmtl and shmt3
may be involved in C1 metabolism in non-photosynthetic tissues. The preferential expression of gdcH1
and shmt3 in wood-forming tissues may suggest a role in the generation of secondary metabolites such as
lignin, which could dictate wood quality.
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Diversity, Distribution and Features of LTR Retrotransposons in Selected Plant Genomes. PRIYA
RANJAN', CHANDRASHEKHAR JOSHI', & CHUNG-JUI TSAI', 'School of Forest Resources and
Environmental Science, Michigan Technological University

Genomes of eukaryotic organisms show a great variation in size. In plants, genome sizes may vary due
to preponderance of transposable elements. Transposable elements are also known as jumping genes
because of their ability to move from one place to another in the genome. Long Terminal Repeat (LTR)
retrotransposons are an important class of transposable elements that move to new chromosomal locations
via an RNA intermediate. The RNA intermediate is reverse transcribed to form extrachromosomal DNA
before being reinserted into the genome. The evolutionary forces that control the copy number and the
chromosomal distribution of these elements are still poorly understood. We intend to take a
bioinformatics approach and investigate the distribution, diversity and features of LTR retrotransposons
in selected plants. Arabidopsis genome, with a comparatively smaller genome size among plants, would
be used to define the features and families of these elements. The families and distribution patterns of
these elements in Arabidopsis would be compared against the recently completed poplar genome which is
about 5 times larger than Arabidopsis. We also intend to mine the available microarray data sets to see the
conditions under which these elements are expressed. The current availability of the Arabidopsis and
Poplar genome sequence provides a timely opportunity to analyze the evolutionary dynamics of LTR
retrotransposons in these plants.

Effects of Over Story Species and Stand Age on Below Ground Decomposition. JOSHUA L. REED',
MARTIN F. JURGENSEN', JOHN S. KING', & CHRISTIAN P. GIARDINA® 'School of Forest
Resources and Environmental Science, Michigan Technological University, *North Central Research
Station, USDA Forest Service.

Change develops in basic soil properties such as soil temperature, moisture, organic matter content, and
pH throughout the life of a stand. How these changes affect decomposition throughout the soil profile
remains unclear. Despite the chemical changes between the stands in the forest floor and the mineral soil
we predicted that temperature will be the overwhelming influence in northern mesic systems. In this
study we specifically targeted two stand types; a hardwood stand (Populus tremuloides) and a softwood
stand (Pinus resinosa) grown on a similar soil type near Republic, Michigan. Both over story species
alter soil chemistry and forest floor differently through litter nutrients and leaching inputs. To evaluate
stand age effects on decomposition a standard wood substrate was incubated in the forest floor and
mineral soil in situ across a chronosequence of three stand ages: establishment, canopy closure, and
commercial harvest age in the two stand types. Decomposition is being determined using compression
strength loss and mass loss over time. Preliminary data suggests that cumulative temperature is highest in
the establishment age and lowest during canopy closure. These ages also account for the highest and
lowest rate of decomposition respectively.
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Investigating Impacts of Beech Bark Disease on Mast Production and Native Small Mammal
Communities in Michigan’s Upper Peninsula. JUSTIN N. ROSEMIER' & ANDREW J. STORER',
'School of Forest Resources and Environmental Science, Michigan Technological University

Among some of today’s most pressing issues in the field of ecology are the problems associated with
exotic species. Along with other concerns like habitat loss/fragmentation, pollution, and global climate
change, non-indigenous species pose one of the greatest threats to biodiversity worldwide. While a
number of papers have examined direct effects of exotic forest pests and diseases on their hosts, relatively
few papers have considered possible indirect effects of exotic species on native forest communities. This
poster reports ongoing research intended to begin to uncover the relationships among the exotic disease
complex beech bark disease, American beech (Fagus grandifolia) forests, and the small mammal
community associated with these native forests. The primary goals of this work are to 1) Determine if
differences exist in beech mast production between healthy and infected forests, 2) Assess the relative
value of beech versus sugar maple (Acer saccharum) seed to small mammals, and 3) Investigate possible
differences in small mammal communities between infected and healthy beech forests, and sugar maple-
dominated forest where beech does not occur. While no significant differences have been noted in mast
production between healthy and infected forests, some interesting population trends relating to the
southern red-backed vole (Clethrionomys gapperi) are evident.

Effects of Chronic N Deposition on Mechanisms Controlling Ecosystem C Storage in the Northern
Hardwood Forest. ALAN F. TALHELM', KURT S. PREGITZER', ANDREW J. BURTON', &
DONALD R. ZAK?. 'School of Forest Resources and Environmental Science, Michigan Technological
University, *University of Michigan

Atmospheric nitrogen (N) deposition has dramatically raised levels of biologically available N in many
regions of the world. The increasing supply of this limiting nutrient has important ramifications for
aboveground and belowground carbon (C) storage. Previous studies suggest that N deposition may alter C
storage through a diverse set of ecosystem pools including aboveground biomass, root biomass, and soil
C. While changes in these areas have been observed, opposing effects and complex interactions have led
to opposing models of ecosystem C balance with N deposition. Additionally, ecosystem level C budgets
in N deposition studies are remarkably rare. As such, this study will use an existing long-term (12 year)
study of experimental N amendments to northern hardwoods sites across Michigan to detail changes in
mechanisms that control C storage such as soil C retention, decomposition of woody debris,
photosynthesis, and aboveground plant growth. It is expected that changes in these mechanisms will
create increased C storage in this forest ecosystem. Increased C storage from N deposition would be
important in offsetting activities that create rising atmospheric CO, concentrations
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Identifying Molecular Markers Tightly Linked to the Periconia circinata (Pc) gene in Sorghum
bicolor. PATIENCE TENNEY', PATRICIA KLEIN?, LARRY DUNKLE®, JEFFREY BENNETZEN*, &
RAMAKRISHNA WUSIRIKA', 'School of Forest Resources and Environmental Science, Michigan
Technological University, “Texas A&M University, *Purdue University, ‘University of Georgia

Periconia circinata is the fungus responsible for Milo Disease in Sorghum bicolor. Resistance to this
disease is conferred by a recessive gene, Pc. Our goal is positional cloning of the Pc gene based on its
position on the genetic linkage map. Sequencing and functional analysis of this gene will determine
similarities and differences with other disease resistance genes, most of which are dominant. Towards
this effort, we have mapped several markers close to the Pc gene, the closest marker being 4.1
centiMorgans (cM) on one side of the gene. Our goal is to find closely linked markers on either side of
the Pc gene. We are using a comparative approach to identify markers from orthologous region in the
fully sequenced rice genome because it is syntenic with the sorghum genome. We are using polymerase
chain reaction (PCR) to amplify genic regions from sorghum based on corresponding rice genes.
Polymorphism between the resistant and susceptible sorghum parents will be analyzed and scored in the
F; progeny. Genetic linkage mapping using MAPMAKER will reveal whether the marker is linked to the
Pc gene and its location relative to the Pc gene based the frequency of recombination in the F; progeny.

Transgenic Approaches to Unravel the Cellulose Biosynthetic Process in Aspen. SHIVEGOWDA
THAMMANNAGOWDA', TAKESHI FUJINO', & CHANDRASHEKHAR P. JOSHI', ' Biotech
Research Center, School of Forest Resources and Environmental Science, Michigan Technological
University

Molecular understanding of the cellulose biosynthetic process is of considerable importance for
improving cellulose production in economically important forest trees. In order to support this long-term
goal, we have isolated seven cellulose synthase (CesA) genes from aspen. With the help of in situ
hybridization and immunolocalization techniques, we confirmed that three of these seven aspen CesAs
are coordinately expressed during wood development. Our main objective is to understand their biological
roles in regulating the process of cellulose biosynthesis. For such functional analysis, we are knocking out
expression of a single CesA gene at-a-time by antisense inhibition approach. Transformation of antisense
constructs into aspen did not produce any plants, while positive control transformations with 35S-GUS
constructs yielded many transgenic trees. This result suggests that the presence of all 3 secondary CesA
genes might be essential for normal morphogenesis in aspen trees. The same gene constructs were used to
knock-down expression of orthologous genes from tobacco. Although normal looking transgenic plants
could be obtained at a much lower frequency than the control experiments with 35S-GUS constructs,
transgenic tobacco plants were remarkably dwarf and despite normal flower development, did not set any
seeds. Preliminary results also showed that development of xylem was also severely affected. Further
molecular analysis is currently in progress to understand the impact of such genetic manipulations on
cellulose production and properties in transgenic plants.
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The Role and Diversity of Mycorrhizal Fungi within an Acer saccharum Dominated Forest
Ecosystem under Natural and N-amended Conditions. LINDA T.A. VAN DIEPEN' ERIK
LILLESKOV? & KURT PREGITZER', 'School of Forest Resources and Environmental Science,
Michigan Technological University, *North Central Research Station, USDA Forest Service

Within the existing long term Michigan gradient study nitrogen fertilization has been taking place since
1994 in an Acer saccharum dominated forest. On the N-amended plots there has been a significant
decrease in soil respiration. One of the explanations for this decrease is altered microbial decomposition
and biomass. Mycorrhizal fungi can make up a large part of the microbial biomass in the soil and a large
part of the NPP may flow through them. The external mycelium of the fungi, which can be quite
extensive and has a fast turnover rate, plays an important role in the uptake of the nutrients, soil C cycling
and respiration. But what role do the mycorrhizal fungi play when nitrogen is abundant compared to
natural lower nitrogen conditions? One approach we’ll be taking to study the mycorrhizal species,
function and respiration under these N-amended conditions is by burying in-growth-sandbags (spiked and
non-spiked with nitrogen fertilizer) in the soil to get clean mycorrhizal fungal hyphae samples. It is
hypothesized that in the long-term N-amended plots less hyphae and different species will grow into the
bags compared to the control plots. Within the control plots it is thought that more hyphae will grow into
the nitrogen spiked-bags compared to the non-spiked bags because of extra nitrogen available. Together
with this change in biomass and different species we hypothesize that the respiration will also change,
with higher respiration rates in the control plots.
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Discovery of Protein-Protein Interactions among Secondary Cellulose Synthases in Aspen. FUYU
XU' & CHANDRASHEKHAR P. JOSHI? 'Biotechnology Research Center, School of Forest Resources
and Environmental Science, Michigan Technological University

Protein-protein interactions are pivotal to all cellular processes, including cellulose biosynthesis in
which cellulose synthase genes (CesAs) are believed to catalyze the glucan chain elongation step. Plant
genomes host a large family of CesA genes, each possibly with distinct function. Three cellulose synthase
genes in Arabidopsis, namely AtCesA-4, AtCesA-7, and AtCesA-8 and their corresponding orthologs in
aspen, PtrCesA3, PtrCesA2, and PtrCesAl, are secondary cell wall-specific and are co-expressed in
developing xylem tissues. However, co-ordinate expression of genes does not always mean their
interactions with each other. In this study, yeast two-hybrid system and co-immunoprecipitation assays
will be used to investigate all combinations of interactions among these three secondary CesAs in aspen.
In addition, three overexpression constructs of PtrCesA3, PtrCesA2, and PtrCesAl will be transformed
into three Arabidopsis mutants of AtCesA-4, AtCesA-7, and AtCesA-8, respectively to test their
functional conservation. These results will further be confirmed by studying interactions among
Arabidopsis and aspen secondary CesAs. Preliminary results from yeast two-hybrid assays showed that
not only can PtrCesAl, PtrCesA2, and PtrCesA3 interact with each other to form heterodimers, but they
also interact with themselves to form homodimers. These results demonstrate that these three secondary
CesA genes most possibly function as a multienzyme complex during cellulose synthesis during
secondary cell wall development. Therefore, upregulation of three secondary CesA genes in aspen wood
might increase the production of cellulose that is enormously important for forest product industries.

20



p. 21

Organization and Evolution of Cereal Disease Resistance (R) Gene Clusters. ZIJUN XU',
MATTHEW MCCORMICK', & RAMAKRISHNA WUSIRIKA', 'Deptartment of Biological Sciences,
Michigan Technological University

Plant disease resistance (R) genes confer resistance to a variety of pathogens and pests. In addition to
internal reorganization, R gene loci often show a lack of synteny in closely related species. Most R genes
encode proteins with a nucleotide-binding sites (NBS) and leucine-rich repeat (LRR). NBS-LRR genes in
the rice cultivar, Nipponbare are organized in clusters. We identified two different types of R gene
clusters in the rice genome, the first one has non-R genes as part of a given R gene cluster and the second
has only R genes in a cluster. Organization and evolution of five of these clusters will be studied in
different cereal genomes that include barley, maize, sorghum and two wild rice species. Primers were
designed that would specifically amplify by polymerase chain reaction (PCR), non-R genes flanking a
cluster as well as those inside a cluster. These rice genes will be used as probes to screen bacterial
artificial chromosomes (BAC) libraries of barley, maize, sorghum and two wild rice species to identify
regions orthologous to rice R gene clusters. Physical mapping and sequencing of the cereal BACs will
reveal the organization and evolutionary diversity of the five R-gene clusters in different cereals.
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