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Exploring the Determinants of Microbial Diversity on Aquatic Organic Aggregates

Compared to terrestrial environments, the study of biodiversity in pelagic aquatic environments is in its infancy.  In particular, there are limited examples of manipulative experiments to examine connections among genetic, species (i.e., taxonomic), and trophic (i.e., functional) dimensions of biodiversity (Duffy et al. 2001, Duffy and Stachowicz, 2006).  Consequently, the research proposed herein will markedly increase our understanding of the biodiversity of organic aggregates, which are a fundamental, but frequently overlooked aspect of all aquatic ecosystems.  There continues to be a need for studies that link genetics, gene ecology, and species interactions to microbial community dynamics in order to better understand natural assemblages of aquatic microbes (DeLong et al. 2006, Duffy 2009)

To characterize the biodiversity of aquatic microbial communities we will determine the relative importance of ecological drivers to the diversity, structure and function of bacterial communities associated with organic agregates.  This proposal evaluates fundamental drivers of diversity including 1) intensity and frequency of disturbances, 3) relative changes in habitat composition and complexity, and 3) founder effects due to bottlenecks.  Although many of these topics have been researched before, they have not been studied in the context of integrating the genetic, taxonomic, and functional dimensions of diversity and they have not been focused on organic aggregates.

BACKGROUND AND OVERVIEW OF CURRENT KNOWLEDGE

Determinants of diversity

Disturbance

The intermediate disturbance hypothesis (IDH) predicts that species diversity will be highest with intermediate levels of disturbance.  High levels of disturbance lead to general extinctions of species intolerant of the disturbance and low levels of disturbance allow competitively dominant species to displace inferior competitors (Connell, 1978).  IDH has been applied to explain diversity in a variety of aquatic systems including coastal waters (Hutchinson, 1961), coral reefs (Connell, 1978), and streams (Townsend et al., 1997), but our group would be the first to test the IDH on the microbial communities of organic aggregates
. 

 

At the core of the IDH is the recognition that changes in the local environment (physical and biological) affect ecological processes and patterns (Osman 2008).  This project will focus on evaluating changes in both intensity and frequency of different types of disturbance to determine if the effect of different types of disturbance translates equally across the three dimensions of diversity.  For example, physical disturbances typically do not target any one species, although different species are expected to be more or less tolerant of the disturbance itself, whereas biological disturbances (e.g., addition of a micro-flagellate bacterial predator) tend to be more selective in their effects (Osman 2008).  Here we propose….
Habitat Heterogeneity

Habitat heterogeneity has long been viewed as a driving force in diversity patterns (Horner-Devine et al. 2003) and is believed to underlie the species-area relationships observed in general (Rosenzweig 1995) and be important for organic aggregates (Lyons et al. 2010).  For microbial communities, spatial heterogeneity has been shown to be critical for the emergence and maintenance of biodiversity (Buckling et al., 2000) and organic aggregates vary substantially in their habitat structure (Fig. 1).  

(CUT from my old review paper…we could adapt some of this, but we would have to update it to include more recent work) Habitat heterogeneity has long been posited as one of the main determinants of biological diversity and is thought to underlie the seemingly universal species-area relationship, which states that the number of plant and animal species observed increases with an increase in area sampled (Rosenzweig 1995). This heterogeneity can be thought of as taking two forms: (i) structural heterogeneity, such as discontinuities in space and time (i.e. 'patchiness'); and (ii) complexity in resources, conditions and/or interacting populations. There are many reasons to expect that bacterial diversity will increase in response to increases in heterogeneity; however, observations of such patterns have been rare. Both laboratory (Korona et al. 1994; Rainey & Travis- ano 1998; Treves et al. 2003) and field studies (Haubold & Rainey 1996; Zhou et al. 2002) suggest that environmental patchiness may play a role in the maintenance of bacterial diversity. 
We propose to evaluate the role of habitat structure (composition and complexity) in determining the genetic, taxonomic, and functional diversity of the aggregate-associated microbial communities.  
We can synthesize organic aggregates in the laboratory to represent aggregates dominated by phytoplankton cells, copepod carapaces, or macrophyte fragments and all combinations thereof.  Habitat heterogeneity will be qualitatively defined by the type of “seed” particles (i.e., particles added to serve as nuclei of aggregation) added to the water before producing aggregates.  For example, Category 1 will be operationally defined as low heterogeneity because only one type of “seed” particle will be added (e.g., diatomaceous earth, macrophyte fragments, OR copepod carapaces).  Category 2 (moderate heterogeneity) will include trials with relatively more complex habitats because at least 2 types of the “seed” particles will be added (e.g., diatomaceous earth AND macrophyte fragments).  Category 3 (high heterogeneity) will include trials with all three types of “seed” particles added.  The resulting seven combinations (3 from Category 1, 3 from Category 2, and 1 from category 3) will allow us to assess the levels of microbial diversity that result as a function of habitat composition (i.e., the type of “seed” particles present) and complexity (i.e., how many types of “seed” particles are present).  The aggregates produced will also vary in size, allowing another aspect of the habitat to be included in our analysis (i.e., aggregates can be selected to represent a range of sizes or only a specific size depending on the question of interest).  Overall, the degree to which the genetic, taxonomic, and functional metrics co-vary will yield insight into the relationships between the three dimensions of biodiversity and the relative importance of habitat heterogeneity in driving microbial biodiversity.
Founder Effect

Population bottlenecks occur when a population is drastically reduced in size. As the surviving individuals repopulate the habitat, founder effects often result in reduced diversity
 of the subsequent populations (reviewed by Nei, 2005).  

We will apply this concept to the aggregate-associated microbial communities and evaluate whether reductions in the abundance of the microbial communities result in subsequent communities having a reduced diversity (Fig. 5).  We will begin by determining the effect of bottleneck size (i.e., how drastic does the reduction need to be to detect a change) on the change in diversity over various time scales (i.e., sampling over relatively short: days, moderate: weeks, and long: months time periods).  We will continue by experimentally testing the idea that ecologically-mediated bottlenecks contribute to the maintenance of certain traits in microbial populations (Brockhurst, 2007); we will evaluate changes in the genetic and taxonomic diversity dimensions (i.e., degree of relatedness of “species”) relative to changes in functional diversity.

Microbial Diversity

To date, much of what we know about the origin, maintenance, and distribution of biodiversity stems from research on terrestrial macroorganisms such as birds, plants, and insects (Horner-Devine and Bohannan 2006). Microbial communities are the most abundant and potentially most diverse organisms in terms of the number of distinct organisms present (Schloss & Handelsman 2004, Curtis et al. 2006, Sogin et al. 2006). Indeed, the sheer abundance of microorganisms grants them a principal role in diverse ecosystems.  Prokaryotes alone contain most of the total nitrogen and phosphorous and up to half of the carbon stored in all living organisms (Whitman et al. 1998).  In addition, microorganisms are major players in a range of vital ecosystem services, including nutrient cycling, organic matter decomposition, detoxification of wastes, and emission and consumption of important biogenic gases (Arrigo 2005; Azam & Malfatti 2007).  Yet despite their central ecological importance and numerical dominance, the true extent of microbial diversity remains poorly resolved because of theoretical and practical problems that have hindered the quantification of bacterial diversity in the past and the disciplinary boundaries that tend to separate molecular biologists and microbiologists from ecologists (Horner-Devine et al. 2003). The factors that control the distribution and abundance of microbial species are central to understanding how ecosystems function and how they respond to environmental change, yet we are still just beginning to understand how bacterial abundance and diversity are distributed in space and time (Horner-Devine et al. 2004a, Fuhrman et al. 2006, Green & Bohannan 2006, Martiny et al. 2006)
.  In this proposal, we establish a conceptual framework for the application of contemporary molecular tools by exploring the determinants of biodiversity among the microbial communities associated with aquatic organic aggregates.  

Organic aggregates

The term “organic aggregate” is a general expression that encompasses multiple kinds of aggregated material suspended in aquatic ecosystems, including marine-, lake- and river-snow, macro- and micro-aggregates, organic detritus, flocs, and bioflocs (Fig. 1).  Aggregation of living, dead, and inorganic particles in aquatic ecosystems is a natural process influenced by numerous biological, chemical, and physical interactions and affects the net transport of carbon, nutrients, metals, and other materials from the water column to benthic habitats (Fowler & Knauer 1986, Kiørboe 2001).  Concentrations of aggregates range from less than 1 to several thousand per liter (see references in Simon et al. 2002), but are often difficult to compare because of the differences in sampling equipment, depths, locations, time of day, and time of year.  Nevertheless, a significant portion (>70%) of the suspended matter in aquatic ecosystems is in the aggregated form (Alldredge & Silver 1988, Jackson et al. 1997, Grossart et al. 1997).  Detailed reviews of the processes governing aggregation (Eisma et al. 1991, Jackson & Burd 1998, Burd & Jackson 2009) and the biology of organic aggregates (Alldredge & Silver 1988, Simon et al. 2002, Turner 2002) have summarized the breadth of information regarding these dynamic conglomerations of living and nonliving particles found in all aquatic environments.

Organic aggregates have been established as small scale ecosystems with elevated levels of microbial biomass, activity, and diversity relative to the surrounding water.  The aggregate-associated (i.e., “attached”) communities are phylogenetically different from the freely suspended microbial communities (DeLong et al. 1993, Rath et al. 1998), but our knowledge of diversity among individual aggregates is limited despite research demonstrating aggregates function as “microscopic islands” for microbial communities (Lyons et al. 2010). The ecological processes driving the microbial biodiversity of these organic aggregates remain poorly documented and inadequately explained (Kiørboe et al. 2003, DeLong 2005).  

Organic aggregates have no terrestrial counterpart, but their importance (because of their predominance) has been suggested since their discovery. “Even more noticeable than the presence of the micro-copepoda was that of debris or detritus in all catches.  In some catches two hundred miles from shore the volume of inert material appeared far greater than the combined volumes of diatoms, dinoflagellates and other micro-plankton.” W. E. Allen (1939)
As the quote reveals, researchers have known about detrital-based organic aggregations of particles for a substantial amount of time.  However, there are still many gaps in our knowledge of aggregates with regards to biodiversity.  Our results will advance knowledge of microbial community dynamics by documenting patterns, relationships, and connections among hierarchal measures of diversity which, in turn, will lead to novel insights into the ecological determinants that drive such patterns and the impact of patterns on ecological processes. 

Organic aggregates as a model system
Ours is an innovative approach because it uses organic aggregates as the model system to test ecological theories developed for macroscopic organisms.  Using the same approach, Lyons et al. (2010) tested the applicability of island-biogeography theory to organic aggregates, documented that organic aggregates function as microscopic islands for microbial communities, and accordingly, demonstrated functional diversity scaled with size of the aggregates (Fig.3).  However, only 16% of the variation in diversity was explained by changes in aggregate size, prompting this proposal’s overarching question:  What other factors and processes contribute to the diversity of the microbial communities associated with aquatic organic aggregates?

The purpose of this project is to characterize relationships among genetic, taxonomic, and functional dimensions in microbial communities that result from well documented ecological processes responsible for shaping diversity patterns in macroscopic communities.  There are several advantages to using organic aggregates as a model system. Aggregates are easily produced in the laboratory from a variety of environmental waters with relatively simple equipment (Fig. 3).  In addition, a large number of aggregates can be generated, yielding a greater number of replicates than is typically available with other biodiversity studies.  Finally, the microbial communities of organic aggregates can be manipulated, observed, and analyzed on substantially shorter time scales than corresponding studies of birds, mammals or insects in larger ecosystems.   

The ecological processes (and their influences on measures of diversity) to be explored in this proposal include primarily disturbance, and then as alternative explanations for diversity patterns, we will evaluate habitat heterogeneity and founder effects due to bottlenecks.    

Specific Aims

Aim I: Disturbance as Determinant of Diversity

Hypothesis I: Intermediate levels (frequency and intensity) of disturbance will result in greatest biodiversity.
Unlike larger ecosystems, our model system is conducive to testing the effects of numerous variations of disturbances with a high degree of replication.  Furthermore, by manipulating both intensity and frequency of an array of disturbance types, we will be able to compare the impact of frequent, low-intensity disturbances to the impact of infrequent, high-intensity disturbances while monitoring changes in several metrics of diversity (genetic, taxonomic, and functional).  In addition, our system allows experimental manipulation of multiple disturbances and consequently, we also intend on evaluating individual physical (e.g., turbulence, pH, UV-radiation) and biological (e.g., addition of a predator, presence of antibiotics) disturbances and combinations thereof.   Below is a representative example of our proposed experimental design.  Slight modifications will be necessary for each type of disturbance evaluated.

Experimental design:  Because disturbance is relative to the life-history traits of the taxa under investigation (Osman 2008), the first set of experiments will determine appropriate levels of frequency and intensity necessary to detect an effect for each type of disturbance.
General Procedure, example of physical disturbance:  UV-radiation

· Collect water and fill 15, 1-liter jars;  Roll for 24 hours to form aggregates 
· Part I:  Set up a gradient of disturbance intensity:  administer doses of UV-radiation using a Hydro-Photon SteriPEN (see Fig. 4B).
· 3 jars: no dose (SteriPEN in off position; control)

· 3 jars: 1 dose 

· 3 jars: 2 doses

· 3 jars: 3 doses

· 3 jars: 4 doses

· After each disturbance, continue to roll for 24 hours
· Next, sample individual aggregates (photograph to calculate size and then isolate as described in Lyons et al., 2010) and characterize genetic, taxonomic, and functional diversity of aggregates as a function of disturbance intensity (see methods for details).  Preliminary data support higher diversity at intermediate doses (Fig. 4C).
· Part II:  Set up a gradient of disturbance frequency using doses selected from Part I  
· 3 jars: no dose (control)

· 3 jars: dosed 1x per day (every 24 hrs) for 3 days

· 3 jars: dosed 2x per day (every 12 hrs) for 3 days

· 3 jars: dosed 3x per day (every 8 hrs) for 3 days

· 3 jars: dosed 4x per day (every 6 hrs) for 3 days

· After the 3-day period, sample aggregates as described above and characterize genetic, taxonomic, and functional diversity of the aggregate-associated microbial community as a function of disturbance frequency



· In both cases, jars may be rolled after sampling a subset of aggregates, and re-sampled over time to monitor the resilience and/or recovery of the aggregate-associated microbial communities following a disturbance (single, repeated, or multiple types). 
Analysis:

· Evaluate the changing relationships (degree of co-variation) among diversity metrics as a function of the intensity of disturbance, the frequency of disturbance (in both Part I and II above), and type of disturbance (compared to others, see below).  
· Repeat with other disturbances such as turbulence (shaking vigorously for 2 minutes to break-up visible aggregations), pH (adding acid to reduce pH similar to predictions for ocean acidification), salinity (adjusting with Instant Ocean to mimic salt-water intrusions of freshwater habitats), and/or temperature (running experiments in environmental chambers set at different temperatures).  
· Track changes in microbial communities as a function of time since the disturbance, in response to a repeated disturbance, and/or in response to multiple disturbances (e.g., UV-radiation and turbulence)
Aim II.   Habitat Heterogeneity as a Determinant of Diversity

Hypothesis II:  Genetic, taxonomic, and functional biodiversity will increase with an increase in habitat heterogeneity.  I think that in the background section, we should make it clear why each hypothesis was formed….
DESCRIPTION OF EXPERIMENT
Aim III  Founder Effects due to Bottlenecks

Hypothesis III:  Genetic, taxonomic, and functional biodiversity will decrease because of founder effects associated with community-level bottlenecks on individual organic aggregates.

DESCRIPTION OF EXPERIMENT
General Methods for characterizing biodiversity
Taxonomic Diversity 

Particularly in regard to microbial communities there is often not a clear distinction among taxonomic versus genetic diversity.  Here we use community fingerprintint to measure the taxonomic diversity of bacterial communities.  In particular, we will use Automated Ribosomal Intergenic Spacer Analysis (ARISA) as our primary method of describing the bacterial community.  In addition, 16S rDNA cloning and sequencing will be used to specifically identify taxonomic units as the ARISA approach does not rely on direct sequencing.  We will also use cloning and sequencing to examine the number of unique copies of functional genes (identified through our meta-transcitpome approach – see below) in the sampled communities.  This coupled approach to characterizing taxonomic diversity will allow us to examine a large number of samples (ARISA) and use cloning and sequencing of the ribosomal gene to identify secific taxa in a subset of our samples.  Due to the high diversity observed in bacterial communities will use non-parametric approaches to estimate taxonomic richness (Martiny – Counting the uncountable – and likely a more recent reference as well).
Genetic Diversity 

We can use our sequences from our 16SrRNA and functional gene clone libraries to assess phylogenetic and genetic diversity within the sequenced clones (refs).  In addition, using next generation sequencning technology, we will construct metagenomic libraries that will correspond to the metatranscriptomic libraries described below. 
Functional
 Diversity - 

Functional diversity is a measure of the role or function that species or genotypes play in an ecosystem.  These functions include aspects of ecosystem function such carbon, sulfur, and nitrogen cycling as well as other core physiological processes. 
…….On the simplest level, measures of taxonomic or genetic diversity may differ from those of functional diversity due to the degree of functional redundancy for the funcitonor gene of interest.  In other words, two or more taxa in a given ecosystem may play essentially the same role in ecosystem processes under a given set of conditions.  
 For organic aggregates, we focus on the ecological roles of bacterial groups and define functional diversity in two manners.  To directly assess the number of carbon substrates utilized by the aggregate-associated microbial communities Biolog Ecoplates will be used
   This approach uses community-level physiological profiling to characterize differences among microbial communities.
  Second, we will characterize functional diversity using transcriptome analysis. Specifically, the expressed genetics of a microbial community (metatranscriptome) will be characterized in select samples. This will complement the Ecoplate analysis by identifying active pathways associated with carbon utilization, and furthermore will provide a more global approach to microbial functional diversity. Based on the metatranscriptome data, specific genes will be selected and expression levels characterized using quantitative RT-PCR.



 

Specific Methodologies:

Biolog Ecoplates: 

   

Metatranscriptomic analysis:  In order to characterize differential gene expression patterns in aggregate-associated microbial communities, we will examine differences in global gene expression patterns (metatranscriptomes) from selected aggregate samples.  Samples will be filtered and preserved as described above.  Total nucleic acid extraction will be carried out as previously described (Neufeld et al. 2007).  Total RNA isolation will be carried out using Tri-Reagent (MRC, Inc).  Ribosomal RNA depletion will be accomplished by using the MICROBExpress System (Ambion) as per manufacturer’s instructions.  Samples will be evaluated with an Agilent Bioanalyzer 2100 using the RNA 6000 Pico Chip Kit (Agilent) to verify removal of rRNA and assess quality throughout the procedure.  

Samples will then be prepared with the SOLiD Whole Transcriptome Analysis Kit (Applied Biosystems) according to the manufacturer’s protocol.  Briefly, mRNA is fragmented using RNase III and fragmentation verified with an Agilent Bioanalyzer 2100 using the RNA 6000 Pico Chip Kit.  Samples are then hypbidized (Adaptor Mix A), ligated, and reverse transcibred.  cDNA are subjected to electrophoresis on a Novex 6% TBE-Urea Gel (Invitrogen), stained with SYBR Gold (Invitrogen), and the region corresponding to 100-200 nucleotides is excised from the gel.  In-gel PCR will be performed and reactona purified with the PureLink Agilent Bioanalyzer 2100 using the DNA 1000 Chip Kit (Agilent).  Sequencing will be performed using the SOLiD3 System (Applied Biosystems) at the High-Throughput Genomics Unite (HTGU), Department of Genome Sciences, University of Washington.


Sequence assembly, annotation, mRNA-seq analysis, and statistical analysis will be carried out using the Genomics Workbench Server (CLCBio) and custom Perl scripts.  After removing low quality reads, sequences will be de novo assembled.  Any non-redundant sequences will be assembled using relaxed conditions.  Clusters will be annotated using Smith-Waterman and BLAST algorithms.  Expression values across libraries will be measured as reads per kilobase of exon model per million mapped reads (RPKM; Mortazavi et al. 2008) with an unspecific match limit of 5 and a maximum number of mismatches of 2 (CLC Genomics Workbench; CLC BIO).  

Quantitative RT-PCR:  Based on results from the metatranscriptomic analysis, pORF clusters that are differentially expressed across experimental treatment will be selected for quantitative reverse transcription-polymerase chain reaction (qRT-PCR).  Briefly, RNA will be isolated and reversed transcribed with the QuantiTect Reverse Transcription Kit (Qiagen), which also eliminated genomic DNA carry-over.  Quantitative, real-time PCR reactions (25μl) will contain the following: 0.5 μl cDNA, 0.04 μM forward/reverse primers, 1X Immomix Master Mix (Bioline) and 2 μM SYTO13 (Invitrogen).  An Opticon 2 thermocycler (Bio-Rad) will be used to quantify gene expression.  Raw data will be analyzed using Real-Time PCR Miner Software (Zhao & Fernald, 2005). 

ARISA:  We will use Automated Ribosomal Intergenic Spacer Analysis (ARISA) as our primary method of describing the bacterial community associated with aggregate samples.  ARISA is an established rapid, high throughput method that uses the ribosomal RNA internally transcribed spacer (ITS), a region of DNA known to vary in size in different bacterial species, to create a genetic fingerprint of the bacterial community in each sample (Fisher & Triplett 1999). The ITS will be amplified using universal bacterial primers (16S-1392F and 23S-R, Brown et al. 2005), including a fluorescently labeled forward primer.  For each sample, four independent PCRs will be performed, pooled, ethanol precipitated to remove unincorporated primers and run on a MegaBace 96 capillary sequencer along with ROX labeled size standards (50-1500 bp ladder, BioVentures, Inc).  This sequencer is routinely used for fragment analysis and can resolve differences of 2 bp in fragments in the 300-400 bp range and differences of 10 bp for larger fragments (1000-1500 bp).  Fragment lengths will be sized using DAX software using a signal to noise cutoff to verify presence of peaks.  We will also use up to date binning methods for assigning peak sizes to account for methodological variation (Hewson & Fuhrman 2006).  This will result in a community fingerprint for the bacteria.

16S rDNA cloning and sequencing:  We will use standard “universal” bacterial 16S rDNA primers (8F, 1492R).  For each sample, four independent PCRs will be performed and purified.  We will pool these four PCR products and make clone libraries using the TOPO-TA cloning kit (Invitrogen).  Sequencing will conducted by the University of Washington High-Throughput Genomics Unit using a high-throughput capillary sequencer.  Sequences will be trimmed using Sequencher (Gene Codes Corp.), checked for chimeras using Mallard (Ashelford et al. 2006) and Bellerophon (Huber et al. 2004), and aligned using Greengenes (DeSantis et al. 2006) and ARB (Ludwig & Strunk 1999; Huber et al. 2000).  We have budgeted funds for approximately six clone libraries, assuming we will sequence ~300 clones per library.  Initially we will obtain partial 16S rDNA sequences of our clones using two primer coverage of the 3’ end of the 16S rDNA (which includes the V6 region).  This amount of sequence should be adequate for answering the ecological questions we have posed here.  Full length sequences will be obtained if needed for further phylogenetic analysis of specific clones.  
Metagenomic analysis:
Target gene cloning and sequencing:
B. Data management 

Metatranscriptomic and metagenomic data sets will be deposited in NCBIs Gene Expression Omnibus (GEO, http://www.ncbi.nlm.nih.gov/geo/).  All data is will also be deposited with the Short Reads Archive (NCBI).  These data will also be available on the School of Aquatic and Fishery Sciences website on next-generation sequence analysis (http://goo.gl/4xr5). 

D. Management plan 

· Clearly specifies the allocation of human resources and project logistics. 

· Of particular logistical importance (if applicable) are: plans for data collection and analysis; 

· details of collaborative efforts; 

· ADD TIMELINE:  Year 1-3 for projects I and II, Years 3-5 for project III

E.  Broader Impacts

Microbial ecology is a bourgeoning discipline, heavily influenced by advances in

genomics that have revolutionized the way we understand microbial processes in aquatic and terrestrail systems. However, many ìmicrobial ecologistsî do not have formal training in ecology. It is critical that the next generation of scientists be equipped to place this influx of molecular data within the context of classical ecological and evolutionary theory in order to gain new insights into the functioning of marine ecosystems. Thus the promotion of teaching, training andlearning plays an important role in the activities funded in this proposal and will be accomplished at multiple levels.

First, this proposal will contribute directly to the training of x graduate student and ?? minority undergraduate students. The graduate students will help mentor

undergraduates supported by this award, furthering their professional development. Both the

graduate student and the undergraduate researchers will complete the responsible conduct of

research (RCR) training offered by the University of Washington to encourage best practices in

the conduct of research and scientific investigations.

Second, data and tools from this project will be incorporated into two graduate courses and four undergraduate courses at the University of Washington. We teach at the interface of multiple disciplines and at the undergraduate level especially, we are committed to incorporating molecular microbiology and general ecology in our courses, exposing environmental science students to the power of molecular techniques and students focused on molecular and cellular biology to the immense diversity and ecological importance of the microbial world.

Horner-Devine teaches in the Introductory Biology series through the Department of Biology.

This course of 500-700 students offers a great opportunity to introduce students from a wide

range of backgrounds to the incredible diversity and importance of aggregate associated microorganisms by incorporating microbial ecology into lectures. Horner-Devine also teaches an honors course in microbial ecology and evolution for 25 non-science majors. She will develop a week-long unit focusing on aggregate associated microbes to highlight the importance and incredible diversity of microbes, general ecological principles and

unknown ecological questions.  ROBERTS>>>>>>

A specific goal of our undergraduate research plan will be to broaden participation of

underrepresented groups. Two minority undergraduates will participate in this

research program through the University of Washington. Horner-Devine and Roberts will partner with the UW GenOM Project to recruit undergraduate students of color (see letter of support from Lisa Peterson). They will each host a pre-freshman GenOM scholar in each summer of this proposal. In addition, funds are included to support the students to continue to work part time (10hrs/week) in the lab throughout their freshman year, and full time again the next summer. In this way they will be able to maintain connections with the lab and research during their first year, when they will be taking primarily introductory lecture classes. Having a research lab “home” is a powerful positive experience for students who may find UW an overwhelmingly large place. Financial support is also important for this population of students, and this funding will relieve them of having to hold a part-time job during their first academic year. In their second summer in the lab, students will

work full time throughout the summer, solidifying their lab and genomics skills and acting as

mentors for the incoming freshman. After this summer, they will have the option of using their

funds from the GenOM program to stay in the lab, or to use the funds and their accumulated

skills to seek a second research experience in a different lab.

The goal of the UW GenOM Project (funded by NHGRI; http://depts.washington.edu/genomics/)

is to increase the participation of people of color in the wide-ranging field of genomics. The

students are chosen based on their stated interest in science, their high school course selection

(math and science every year/maximizing their school’s offerings), and their potential for

success as indicated by their letters of recommendation. The targeted groups are

underrepresented minorities, students from low-income families and/or rural areas, and students

who are the first in their families to go to college. The students selected show great promise, are

on a college-admissions track, but have not yet had the opportunity to excel in science. Many of

them come from schools that do not have the resources to offer honors or International

Baccalaureate programs, much less extracurricular science activities. For most of the students,

their prior work experience was general labor, agricultural harvesting, and minimum-wage retail.

The time the students spend to earn money to put food on their families’ tables has an

undeniable impact on their high school grades. For them to have maintained their interest in

science without access to resources reflects the students’ resiliency, drive and motivation.

The UW GenOM Project has already significantly increased the number of URM students on the

Genome Training Grant at UW, and its undergraduates are moving on to training grants,

PhD/MD programs, and successful careers at other institutions as well. Our partnership with

GenOM will allow us to work with URM students and provide important research opportunities

with the support and experience of the already successful GenOM program.

Data and results generated from this project will also be disseminated broadly to enhance

scientific and technological understanding. ROBERTS TEXT>>>>>>

Results from Prior NSF Support: If any PI or co-PI on the project has received NSF funding in the past five years, information on prior award(s) is required. Each PI and co-PI who has received more than one prior award (excluding amendments) must report on the award most closely related to the proposal. The information required is described in the GPG. Reviewers will be asked to comment on the quality of the prior work described in this section of the proposal. Please note that the proposal may devote up to five pages to describe the results, within the maximum 15 pages of Project Description. Results may be summarized in fewer than five pages, which would leave the balance of the 15 pages for the Project Description.
�We need more of a review of what is known about how bacteria/bacterial diversity responds to disturbance.


�I think we need more here about how it is important.


�Seem like the details of how we will do this could come later – perhaps better to leave the conceptual discussion up front on its own.


�So here you are talking about allelic or intraspecifc diversity?  I think we need to clarify what we mean throughout – diversity can be such a vague/broad term it seems!


�Need more background – what do we know about this in other systems ?  for bacteria?  Over how many generations?  What time period to inform when we sample as you note…


�should update the refs if there is time


�This section helps.  Can you add something about their importance/role in moving nutrients and I guess C in particular around?  This might help to tie in the BioLog approach.  


�I agree - a figure would be great.  Then we can accompany it with a brief paragraph descrption


�


Steven Roberts � DATE \@ "MMM d, ''yy, h:mm AM/PM" �Jun 5, '10, 7:59 AM� Seems like figure might be appropriate here. would take up less space.


�


Steven Roberts � DATE \@ "MMM d, ''yy, h:mm AM/PM" �Jun 5, '10, 9:15 AM� 12 metatranscriptomic libraries (SOLID), based on the metrics from 3 projects. Functional annotations of ORFs data are normally provided in pie charts showing relative level of gene expression (i.e., nitrogen fixing, stress response, mobility). Based on these results primers will be designed (approximately 8) that will be used to characterize expression in all samples (quantitative RT-PCR). 


�Should have some discussion on the long-standing debate/exploration of the relationship btwn diversity and function.  His can lead into a mention/discussion of functional redundancy…


�I think we need to motivate this with some discussion of the importance of C utilizaiton on aggregates an to the large ecosystem.


�


Claire Horner-Devine � DATE \@ "M/d/yy h:mm AM/PM" �6/4/10 10:50 AM�


Need to  include a sentence or town on the limitations of the approach relative to the benefits


�


Steven Roberts � DATE \@ "MMM d, ''yy, h:mm AM/PM" �Jun 5, '10, 9:16 AM� Dry description of techniques
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