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FY 2001 Innovative Project Proposal Review

PART 2 of 2. Narrative

Development of Salmon DNA Fingerprinting Microarrays for Columbia Basin Salmon and Hydropower Management
:
Section 3. Project description

Provide project detail for headings a through g.

a. Abstract:  The objective of this project is to take advantage of recent advances in DNA ‘chip’ technology, and adapt DNA fingerprinting microarrays for salmonid stock identification and hydropower management.  Uncertainty associated with the interaction between ecological impacts of hydropower projects and fish viability results in extremely conservative management decisions that impact water and habitat uses, and hydro-project maintenance and operations.  Addressing a myriad of associated management questions is impossible due to the inadequate resolving power, time, expense and inconsistency of current gel-based biochemical, genetic or phenotypic typing techniques.  We contend that DNA microarrays offer a significant technological solution to some of these problems, providing a quick and inexpensive method to accurately determine the stock affiliation of salmonids using minute samples of tissue or body fluids.  Because of these technological improvements, DNA microarrays will allow managers to make near-real time decisions on hydropower maintenance and operations based on genetic (chip-based) stock identification data.  Initial studies will focus on the forensic identification of parent/sibling pairs utilizing a DNA fingerprinting chip and new statistical algorithms for data analysis.  The fully developed technology will be immediately applicable for studies that address management questions related to hatchery vs. wild fish and the impact of hydroelectric dams on salmonid population structure and viability.

b. Technical and/or scientific background

The authors of "upstream: Salmon and Society in the Pacific Northwest write:  "Managing salmon requires an understanding of the biological dynamics of the populations in which they occur and reproduce.  In particular, knowledge of the structure of the genetic variation in salmon is needed to make decisions about how to identify and protect the local reproductive units, which are the fundamental biological units" (NRC 1995).  The overarching goal of Columbia Basin Fish and Wildlife Authority (CBFWA) is to restore sustainable, natural-producing fish and wildlife populations to support tribal and non-tribal harvest and cultural and economic practices by restoring the biological integrity and the genetic diversity of the Columbia River ecosystem (Draft FY 1998 AIWP, Appendix A, 6/4/97).

Three primary factors are assumed to be root causes for the current status of salmonids in the northwest [1]:

· Hydropower systems block salmon passage and alter spawning habitats;

· Hydropower operations affect survival of salmon, and 

· Management of lands within the watershed alters spawning and rearing habitat.

These factors were also identified as primary impacts of hydropower operations in the 2000 NMFS Biological Opinion [2].  Key issues for each of these factors are the extent to which the impacts are affected by salmonid genetics, and the extent to which genetic information can be used to inform management policy and implementation.  The importance of genetic information in assessing and managing these impact areas can be illustrated by three examples.

1. One concern for salmonid restoration is to find causes behind low Smolt to Adult Returns (SARs).  Although more juvenile fish than ever are being delivered to the estuary, SARs remain low (i.e. it takes more smolt to produce a single returning adult).  One cause postulated for this decline is that hatchery fish may be genetically weaker than their wild counterparts.  Assessing the genetic fitness of an individual or population necessarily requires genetic ‘tags’ (as opposed to physical tags).  A genetic fingerprint library provides the capability to determine the genetic relationship between stocks of differing SARs.  DNA microarray technology provides cost-effective, rapid and standardized method with which to generate and analyze DNA fingerprints.

2. Another concern is that hatchery fish are straying and breeding with wild stocks and reducing the fitness of the wild stocks.  Again, the microarray fingerprint library provides the technological and information base to address cross-breeding and examine the genetic contribution to fitness.

3. Downstream passage of juvenile salmonids is of primary concern to hydropower operations in the region.  A number of agencies have postulated that fish using alternate passageways through projects are genetically distinct, due to genetic-based responses to environmental variables, and these groups experience differential mortality during passage through pools and the ocean.  Questions of genetic selection and the effects of hydropower operations cropping groups of fish can be addressed using the microarray technology and the fingerprint database.

The genetic information needed to make informed decisions on each of these questions cannot currently be obtained accurately, inexpensively, and on a timely basis using existing techniques and data (described below).  Overriding all these specific concerns is the need to enhance the interaction of genetics and fishery management.  This will only be accomplished with the development of new genetic and statistical tools that are time and cost effective, and easily standardized [3].
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The power of genetic techniques to address fundamental fisheries management questions is well recognized [4-30].  Current investigations of fish stocks and population structure utilize fairly standard techniques for isozyme analysis and/or DNA “fingerprinting”.  These include starch gel electrophoresis, immuno-histochemical staining, variations on southern hybridization [31, 32] or polymerase chain reaction (PCR)-based techniques such as randomly amplified polymorphic DNA (RAPD) typing [33, 34], restriction fragment length polymorphism (RFLP) of nuclear or mitochondrial DNA (mtDNA), or combinations thereof.  Hypervariable mini- (9-100 bp) and micro- (2-6 bp) satellites and variable number of tandem repeat (VNTR) loci are becoming even more popular for fisheries management, because they occur frequently and are uniformly distributed throughout the genome, they are highly variable and individual-specific (reviewed by O’Reilley and Wright [25] and Ferguson et al. [12]).  Standard methods either analyze a single locus at a time (e.g. PCR-based typing), or multiple loci simultaneously (e.g. Southern blot methods).  Invariably, these fingerprinting techniques are predicated upon resolving differences in repeat (e.g. (CA)n) numbers (Figure 1) and accurately determining (by gel electrophoresis) differences in fragment length.

Limitations to Gel Electrophoresis for DNA Fingerprinting

Some of the strengths and weaknesses of current fingerprinting techniques are reviewed in [12].  Ultimately, it is not DNA technology or DNA fingerprinting per se that precludes managers from making timely, informed decisions on hydropower operations for the benefit of weak stocks.  Rather, there are technological limitations in both the PCR and gel-based sizing methods in common use.  Given the hypothetical multilocus fingerprint in Figure 2, for example, we can easily discern some of the limitations and tenuous assumptions of gel-based techniques:
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Figure 1.  Representation of a VNTR locus detected by Southern 

blot.  Each allele contains a different number of tandem repeat 

sequence, which are resolved as different DNA fragment sizes on 

an 

agarose 

or 

polyacrylamide 

gel when genomic DNA is digested 

with the enzyme Hinf1 and detected with the core probe.  The 

alleles can also be visualized by PCR amplification with 

conserved primers flanking the VNTR region.

What constitutes a band?  Not all amplification products or restriction fragments are readily resolved by either agarose or polyacrylamide gels.  What is the statistical definition of a band?  What are the statistical criteria for separating or combining bands into unique bins?  Are ‘wide’ bands really singlets, doublets, or triplets?  Microarrays interrogate DNA fragments at the nucleotide sequence level, providing unambiguous identification to those fragments containing a core probe, mini- or micro-satellite.

2. What are the statistical criteria for including or excluding data?  Bands below 2 Kb or above 10Kb are frequently discarded from the statistical analysis.  How does background hybridization and smearing affect the quality of the data or analysis?  All of the data from a microarray can be included in the analysis, providing more loci, replication, and confidence in the resulting fingerprint or genetic conclusion.

3. How are fingerprints compared across gels, over time, and between laboratories?  Gels are not static or invariant.  Electrophoresis, buffer anomalies, air bubbles and temperature effects introduce ‘smiles’, ‘bends’ or other band shifts/distortions.  Even with advanced image analysis software, rectifying these anomalies requires a subjective decision regarding band identities and similarities across lanes.  Statistical tools for confidently comparing fingerprints from many gels, acquired at different times or locations do not exist.  The net result of this limitation is tremendous uncertainty in the resulting genetic data, which may result in a different management option or hydropower operation than would otherwise occur with more robust and statistically rigorous (raw) data.

4. Do band intensities contain useful, discriminatory information?  Band intensities are not currently factored into standard DNA fingerprinting analyses.

5. PCR is not perfect.  Amplification through VNTR loci is subject to PCR ‘stutter’, slippage and chimera formation, all of which lead to factually incorrect genetic data and fingerprints.  Additional, practical limitations to existing DNA fingerprinting technology are the time, expense and technical expertise required to perform the analysis.

6. Limited replication.  In all cases, gel-based analytical methods preclude sufficient replication (fingerprints per fish; number of fish) to provide robust, reproducible, defensible data.

7. Standardization.  There are literally thousands of mini- and microsatellites within the salmonid genome, with no accepted standard of genetic comparison from one study to the next.  Microarray technology gives geneticists the option to analyze literally thousands of loci simultaneously, providing a standardized genetic tool for all subsequent studies.

8. Time to result.  Gel-based fingerprinting data requires months to analyze and comprehend, precluding timely and meaningful alterations in hydropower operations for the benefit of weak stocks.  DNA microarray technology can provide a genetic fingerprint within 24 hours (or sooner), which provides managers the option to alter hydropower operations in near-real time.

9. Cost.  Gel-based techniques (including those based on ABI 377 sequencers) are technically demanding, require significant manual intervention, and utilize fairly expensive reagents.  An analytical method based on DNA microarrays, on the other hand, can be fully automated (from the point of DNA extraction through data analysis) and costs no more than a coded wire tag.

Nucleic Acid Microarray Technology:  From Fragment Sizing to Fragment Sequencing

We contend that applying DNA microarrays to traditional areas of genetic stock identification offer a significant technological solution to the aforementioned limitations in gel-based genetic techniques, especially relative to reducing uncertainty and providing managers with timely genetic information that can be incorporated into hydropower management decisions.  Microarrays typically contain hundreds, thousands, or hundreds of thousands of individual nucleic acid probes addressed at specific locations within a 1 x 1 cm ‘chip’, and were originally developed for large-scale DNA sequencing projects, clinical diagnostics and genetic analyses [35-41].  Thus, a single microarray can accommodate all of the necessary ‘probes’ required for statistically rigorous individual or stock identification.  Further, the microarray accesses information and interrogates the genome directly at the sequence level instead of relying solely on post-PCR size discrimination of resulting DNA fragments (as with gel-based detection systems) or limited sequence sampling (e.g. restriction enzyme analysis).  Since many hundreds of probe sequences can be arrayed in a very small area (e.g. a micro-titer plate well), numerous tissues or independent fish samples can be analyzed simultaneously with existing robotic systems, minimal manual intervention and at minimal cost.  Alternatively, the microarray can be formatted for use in a field-deployable biodetection system (see Related Funding section), with the potential for real-time fish identification at the point of capture.  Single nucleotide mismatches are also easily discriminated by microarray hybridization [38, 42-46].  Therefore, DNA microarrays offer tremendous potential for stock identification and characterization in both basic and applied natural resource science, overcoming many of the technological, practical and cost limitations of current fingerprinting technologies.  However, microarrays have not yet been developed to address fundamental issues germane to fisheries biology or hydropower management.

DNA Fingerprinting with Microarrays

A DNA fingerprinting microarray is conceptually analogous to the more traditional fingerprinting methods.  PCR primers and genomic DNA targets are roughly identical to specific ‘loci’ within the genome, while the microarray probes identify specific ‘alleles’ or forms of those ‘loci’.  Target loci follow all of the rules and assumptions established for VNTRs and microsatellites (e.g. selectively neutral, independent segregation, etc.), such that the microarray method is applicable to the same situations and biological questions where gel-based DNA fingerprinting has already been applied with great success [4-30].
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However, the fingerprinting microarray is predicated upon two subtle yet important distinctions from established gel-based techniques:  immobilized probes (as opposed to gel electrophoresis), and sequence discrimination (not size).  Our approach is based on the nucleic acid scanning-by-hybridization method described by Salazar and Caetoano-Anollés [47].  The polymerase chain reaction (PCR) is used to generate labeled, polymorphic DNA fragments from total genomic DNA that are hybridized in toto to an arbitrary matrix of oligonucleotides on nylon membranes.  This approach to microbial identification and typing identified 14 unique clonal biotypes where pulsed field gel electrophoresis failed to detect any genetic differences amongst the isolates.  A similar approach was used to identify rifampin-resistant strains of tuberculous Mycobacteria in lieu of standard, time-consuming culture-based tests [48].  Preliminary evidence suggests that microarray-based analyses will also be useful for identifying higher eukaryotes [49].

Preliminary data

We have confirmed the efficacy of microarray fingerprinting over conventional gel electrophoresis in two model microbial systems.  In both cases, gel electrophoresis was unable to differentiate between isolates of E. coli O157:H7 or Xanthomonas based on the analysis of repetitive DNA fragments.  However, microarray interrogation of adjacent sequences did discriminate between isolates.  For the Xanthomonas study (Figure 5), we were further able to extract microarray fingerprint profiles (Figure 5A) from closely related subspecies, and translate that data into a standard similarity index dendogram that correctly clustered clonal isolates based upon their geographical origin (Figure 5B).  A corollary fisheries application of this DNA fingerprinting microarray would be to identify the origin (by stream) of returning adults as they are captured at Bonneville dam.
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A significant advantage of microarray technology over conventional gel-electrophoresis is the ability to replicate and quantitate the raw data, providing an ability to unambiguously compare salmon fingerprints from one array to another, from day to day, and laboratory to laboratory, using novel statistical tools for analyzing and quantitatively comparing one-dimensional spectra [50].  When applied to a 2-dimensional microarray image (Figure 6), these automated peak extraction (APEX) algorithms will allow us to extract positive signals from a variable background and quantitatively compare signals across samples.  To the best of our knowledge, such analytical tools have not been developed elsewhere in the microarray community, or for the forensic identification of individuals by gel-based fingerprinting techniques.

c. Rationale and significance to Regional Programs

The CBFWA 10-year plan [1] identifies a number of specific areas where DNA microarray technology and fingerprint database will provide significant impacts on BPA and hydropower operations.  One of these is Anadromous Fish Production Construction program, which has the goal of retro-fitting existing hatchery facilities to operate as conservation hatcheries supplementing ESUs or for captive brood stock management.  Quick turn-around, accurate information on the genetic identities of potential brood stocks is a necessity for operating these hatcheries in the ESU supplementation mode.  This can be met by the DNA microarray/fingerprint database system.

Another area of focus by BPA, COE, and NMFS is in configuration and operation of the mainstem hydropower system.  One of the basic issues of concern is whether and to what extent specific stocks are impacted by project passage.  To date, data on this issue has been lacking due to the expense and inaccuracy of the available technology.  The DNA microarray/fingerprint database system will supply the capability enabling answers to this issue for predation, bypass survival, spill survival, and turbine passage.

More than 40 million salmon are physically tagged with coded wire tags (CWTs) every year.  Despite these efforts, physical tags have not addressed the fundamental genetic or biological uncertainties associated with hydropower maintenance and operations.  Stated another way, DNA is much more than just another ‘tag’; DNA (but not physical tags) can be used to identify biological relationships between salmon survival (throughout their life history) and environmental perturbations (e.g. due to hydropower maintenance and operations).  The results of this research include a new DNA-based tool and associated data handling method for augmenting CWT studies and understanding important fisheries and hydropower management questions related to:

· Salmonid stock structure and populations in nature;

· Hydroelectric and other habitat impacts on salmon populations;

· The genetic effects of hatchery versus wild salmon interbreeding and cohabitation;

· Stock or subpopulation utilization by sport or commercial fisheries;

· Precise definition of migration pathways and homing tendencies; and

· Intra-specific and inter-specific ecological and genetic interactions of managed populations.

d. Relationships to other projects 

The advancement of stock and individual identification techniques for fisheries is important to many or most of the objectives in the Fish and Wildlife plan.  Some examples include:

1. Section 5, "JUVENILE SALMON MIGRATION" which states "The failure of the region to develop better information in this area has been due in part to the unavailability of new techniques and technologies..."

2. Section 6, "ADULT SALMON MIGRATION" which states "conduct various evaluations and studies to improve the effectiveness of passage facilities and, ultimately, the survival of adult salmon and steelhead."

3. Section 7, "COORDINATED SALMON PRODUCTION AND HABITAT" which states  "An ecosystem approach to species recovery requires close coordination of habitat and production measures…[to]…ensure that habitat and production measures are driven by the needs of specific populations…"

4. In Sections 7.0 through 7.5, the Council calls for immediate efforts to gather data on wild and naturally spawning stocks, review impacts of the existing hatchery system…Review current efforts for conserving genetic diversity within and among Columbia River Basin salmon and steelhead stocks [and a] process of devising the best strategies for restoration of depleted populations of threatened and endangered species… require[ing] rigorous integration of genetics, evolutionary biology, demography and…

5. Section 8, "SALMON HARVEST".  Our proposal relates to specific elements and statements within the Biological Opinion for Operation of the Federal Columbia River Power System.  For example:

· Throughout [the] biological opinion, NMFS uses the term Evolutionarily Significant Unit (ESU) to define anadromous salmon and steelhead populations either listed or being considered for listing under the ESA.  An ESU is a population that (1) is substantially reproductively isolated from con-specific populations and (2) represents an important component of the evolutionary legacy of the species.

· Viable salmonid populations are independent populations that have a negligible risk of extinction due to threats from demographic variation (random or directional), local environmental variation, and genetic diversity changes (random or directional) over 100 years.

· For all other ESUs, all currently defined populations should be maintained to ensure adequate genetic and life history diversity, as well as the spatial distribution of populations within each ESU.

Attaining these goals and others within the BiOp will be enhanced by the advancement of DNA fingerprinting techniques.  Equally important, the fingerprinting ‘chip’ and associated statistical methods will be generally applicable to any other species or evolutionarily significant unit (ESU) of relevance for the management and operations of Columbia basin hydropower projects.

Including National Marine Fisheries Service and U.S. Fish and Wildlife Service staff on this proposal further enhances the relationship between this proposal and other regional efforts.  We have discussed this proposal with Dr. John Colt at NMFS in Seattle, Washington and Drs. Carl Burger, Judith Gordon and Don Campton at Abernethy Creek, Washington.  Dr. Campton will participate in the development of the studies and evaluation of the results as they might relate to specific regional questions.  Dr. Colt will work with PNNL staff to provide a similar advisory role by NMFS staff for study development and result interpretation.

e. Proposal objectives, tasks and methods

Objectives
 The objective of the proposed research is to develop and apply a DNA fingerprinting microarray for salmonid stock identification and hydropower management.  The project scope involves:

1. The development and validation of a prototype salmonid DNA fingerprinting ‘chip’ and method for the identification of individuals and progeny,

2. Development of analytical threshold parameters for microarray data interpretation and correlation with larger population structures (genus, species, ‘stock’, ‘strain’, parents, progeny), and.

3. A final report articulating the relative strengths, weaknesses and applications of DNA chip technology to fisheries management and hydropower maintenance and operations.

The outcomes of this research include a prototype DNA fingerprinting ‘chip’ and method that can be developed into a ‘standardized’ fisheries management tool.  The timeline associated with achieving these objectives is illustrated in the following Table.

	Development of Salmon DNA Fingerprinting Microarrays for Columbia Basin Salmon and Hydropower Management

	Objective/Task
	Timeline
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	1.  Validation

Task 1.  Probe selection and array construction
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Tasks and Methods
 

Objective 1.  Chip Validation

The purpose of this objective is to 1) develop more standardized PCR amplification conditions for salmonid genomic DNA based on published primers and microsatellite sequences, and 2) screen amplification products for hybridization to a 200-mer nonamer array.  We will initially focus on the forensic identification of parent-sibling relationships (i.e. multilocus fingerprinting) of fall chinook salmon (O. tshawytscha) obtained from Priest Rapids Hatchery.  We have discussed and made arrangements to collect samples from the U.S. Fish and Wildlife hatcheries in the Columbia River Basin.  The discussions were between Duane A. Neitzel at PNNL and Carl Burger (360/425-6072 Carl_V_Burger@fsw.gov) and Judith Gordon (Judith_Gordon@fws.gov) at Abernethy Creek, Washington.  We plan to collect fish tissue and or blood from spawned adults and 25 to 50 fertilized eggs from each spawning pair from which we collected tissue or blood.  The eggs will hatched and fish will be reared at PNNL, and segregated into sib groups/individuals.

Task 1.  Microarray construction/oligos/chip design.  Bernatchez and Duchesne [51] describe the number of loci and alleles that are required for gel-based fingerprinting techniques to address both parentage assignment and genetic stock identification questions (roughly 10 loci with 10 alleles per locus).  The purpose of this task is to design and fabricate a microarray that will probe comparable genetic ‘variation’ for multiple applications; we believe that 200 probes is sufficient to meet this demand.  All microarrays will be fabricated as described in detail elsewhere [52].  Briefly, twelve-well, Teflon-masked slides are washed in mild detergent followed by successive acid bath and water rinses.  Slides will be coated with 2% epoxy-silane derivatisation (in methanol) for 15 minutes, washed in methanol and dried under nitrogen.  Amine-modified 9-mer oligonucleotide probes will be prepared at 100 (M in print buffer (0.01% SDS, 50 mM NaOH, pH 12) and spotted in duplicate onto the prepared slides using an Affymetrix 417 Arrayer, employing appropriate pin-washing routines between each new oligonucleotide.  Spots are nominally 150 (m on 300 m centers but can be printed at much higher density.  After printing, slides are baked 30-60 min at 130(C in a vacuum oven and stored (desiccated) at 4(C for up to 6 months.

We typically include a quality control (QC), labeled probe (adapted from Lamture et al. [53]) to verify the efficacy of signal generation and collection.  Since probe carryover during printing may contribute to a ‘false-negative’ non-specific hybridization reaction, a buffer ‘blank’ will be printed between each successive probe to assess probe carryover during the printing process.  Hybridization analyses will be performed on multiple sample extracts, in multiple wells to accelerate the development and implementation of image analysis/statistical algorithms (below).

The proposed format for the DNA fingerprinting chip is illustrated in Figure 4.  Not only will repetitive DNA sequences be used for PCR primers, but they can also serve as positive control probes on the fingerprinting array.  A single, 12-well teflon-masked microscope slide is therefore sufficient to analyze 12 different PCR primers with 200 nonamer fingerprinting probes, representing 2400 data points for each fish.  It is also conceivable that spot intensity can be factored into the statistical analysis (below), adding another level of discriminating information for individual identification.  In either case, this relatively simple fingerprinting array and a single PCR amplification (below) can easily accommodate the estimated number of loci and allelic diversity required for most population studies [51].
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Task 2.  DNA extraction and PCR amplification.  The purpose of this task is to establish a standardized method for DNA extraction and PCR amplification for microarray fingerprinting.  Numerous repetitive DNA elements have been utilized for DNA fingerprinting in salmonids, including CAC5, Alu repeat, M13, BmK, SNAP, Jeffrey’s 33.15, Jeffrey’s 33.6, SINEs, OAT18, OMS1 and OAT24 [54-64].  Genomic DNA will be isolated from fin clips or blood according to standard procedures, and amplified with a single repetitive DNA PCR primer (i.e. Alu-PCR, [58]).  Biotinylated or fluorescently-labelled PCR primers can be oriented to amplify through the VNTR sequences, or oriented to amplify away from the repeated sequences.  In either case, the fingerprinting microarray will interrogate the DNA sequence that is adjacent to the repetitive elements.

Task 3.  Array validation and fingerprint catalogue.  The purpose of this task is to analyze several hundred offspring from spawning pairs of chinook salmon and validate Task 1 and 2 methods for efficacy in parentage assignment.  Our baseline hybridizations occur at room temperature in a humidified chamber.  Slides are pre-blocked in 5X Denhardt’s solution, 150 mM Na-citrate for 30 min.  Labeled amplification products are heat denatured for 5 min in hybridization buffer, chilled to 4(C and hybridized on the arrays for 1-2 hrs at room temp.  After hybridization, slides are washed in 1X SSC (150 mM NaCl, 0.15 mM NaCitrate, pH 7.0).  For enzymatic signal generation with SA-AP and ELF®-97 substrate (i.e. biotin-labeled PCR products), residual fluid is aspirated from the slide surface and SA-AP (1:500 in hybridization buffer) is incubated on the slides for 30 min.  Slides are then washed in 1X ELF®-97 wash buffer and 20 (l ELF(-97 substrate is incubated in each well for 30-60 min (1:100 in ELF®‑97 developing buffer).  Slides are given a final wash (50 mM NaCl, 0.1% Tween-20, 100 mM Tris, pH 8.0) followed by two rinses in deionized water and air-dried.  Slides are illuminated with UV (290 to 365 nm) and fluorescent emissions (520 nm) quantified as optical density (OD) using an Applied Precision (Issaquah, WA) ArrayWoRx microarray scanner.  This scanner can accommodate a wide range of microarray substrates (wet or dry, with or without a coverslip) and has full color excitation (330-700 nm) and emission (380-800 nm) capability, a 4-log dynamic range, 2 m pixel resolution, 40-slide automated scanning and analysis capability (for population analyses involving hundreds of fish specimens), and quantitative image analysis tools on a true UNIX workstation.  Images will be quantified with the accompanying statistical software or PNNL’s APEX algorithms (below).  For Cy3 or Cy5 fluorescently-labeled PCR products, rinsed slides are imaged directly at the appropriate wavelengths.  Raw image files are exported in TIFF format and also analyzed with ArrayWoRx or APEX algorithms.
Task 4.  Threshold parameters and statistical algorithms.  The research team has already developed quantitative image analysis techniques for one-dimensional spectra, including estimates of uncertainty in both beak width and peak height [50, 65].  We have started applying these (proprietary) techniques to DNA fingerprinting arrays (Preliminary Data).  The purpose of this task is to complete the code and computer-based tools for analyzing microarray spectra and translating raw data into useful information (e.g. dendograms and estimates of genetic relatedness).  All code will be developed on a UNIX workstation but will be compatible with most PC platforms and database programs (i.e. Excel).

Task 5.  Final report and information transfer.  A final report will be prepared describing the results of this research and the ability of DNA fingerprinting microarrays to be applied to genetic stock identification.  We will articulate the relative strengths, weaknesses and applications of DNA chip technology to fisheries management and hydropower maintenance and operations.  We anticipate at least two peer-reviewed publications arising from this work, to be published in journals such as Can. J. Fish. Aquat. Sci., J. Fish. Management, and Trans. Amer. Fish. Soc.  Results from this work will also be presented at regional and national meetings as the opportunities arise.  Existing APEX algorithms are proprietary to Battelle-PNNL, but we anticipate additional statistical tools forming the basis of an integrated fisheries management system that is tailor-made for BPA and hydropower managers.

f. Facilities and equipment

The Environmental Microbiology Group at PNNL has 4500 ft2 of newly designed and built laboratory space, including a dedicated molecular biology and class II biopathogen lab, soils/sediment processing lab, radiological facilities, aerobic and anaerobic microbiology areas.  Equipment currently available includes the following:  an Affymetrix 417 DNA array printer, Applied Precision ArrayWoRx full color excitation/emission microarray scanner with 2 m pixel resolution; 2 Perkin-Elmer 9600 PCR thermocyclers, 1 Perkin-Elmer 7700 real-time quantitative PCR system, 1 MJ Research Tetrad thermal cycler with 4 x 96 well independently controlled sample blocks, a dedicated PCR clean room with laminar flow hood; Qiagen bio-robot; Applied Biosystems 373 and 377 automated DNA sequencers, DNA synthesizer, nucleic acid and protein sequence analysis software and databases; Bio-Rad Fluor-S imager; fluor- and phospho-imager station; 2 Sun workstations for genomics, informatics and phylogenetic analysis of DNA sequence information; DNA fluorometer, nucleic acid electrophoresis equipment including gel boxes, electroeluters, rotary hybridization ovens, Stratalinker UV crosslinker, blotting apparatus and accessories; electroporater, luminometer, 3 bench-scale bioreactors, 5 anaerobic glovebags; light and epiflourescent microscopes, a confocal laser scanning microscope, scanning electron microscope; various shakers and incubators; high-temperature incubators; laminar flow and biosafety hoods, MIDI and Biolog systems for automated identification of bacterial cultures; protein electrophoresis equipment, amino acid analyzer, visible and UV spectrophotometers, superspeed- ultra- and micro-centrifuges, refrigerators and cryogenic storage facilities; 2 HPLCs, 2 GCs, FPLC, GC-MS, and 2 liquid scintillation counters.

Hatching, rearing, and holding will be conducted at the wet lab, located in the USDOE's Life Sciences I Building in the 300 Area, Richland, Washington.  The wet lab (1600 ft2) has photoperiod control and is supplied with multiple water sources.  All critical water pressures and temperatures are continuously recorded and monitored by an automated annunciator system.  Abnormal events trigger an alarm that notifies facility operators of problems.  In the event of a complete failure of either the well water or river water system, an automated crossover valve opens to supply the working water supply to the entire system.  The wet lab is supplied with raw Columbia River water (1000 gpm capacity).  Our supply system is part of a larger system that supplies water to a large industrial complex.  In addition to redundant pump supplies for the main system, we have our own generator-powered emergency backup pump that can supply water to the lab in the event of primary pump failure.  River water can be strained (100 micron self-cleaning filter) to remove large particulate matter.  Water temperature varies from 1 to 21° C seasonally.  Well water (500 gpm capacity) is pumped from an unconfined aquifer.  The water is 17 C and water quality conditions are constant throughout the year.  Oxygen level is near saturation without aeration.  A self-cleaning 100µ strainer removes large particulate matter from the river water supply.  Strained river water can then be chilled, heated, aerated, or delivered to the wet lab at ambient temperature.  In the even of strainer failure, an automated valve opens to bypass the strainer.  One water source, either well water or river water, can be aerated.  Since river water is usually saturated, we use our aerator with well water.  The aerator is capable of handling at least 500 gpm.

The chilled water system is a recycling loop with two chillers.  Makeup water is added on demand based on water usage.  The chillers are capable of chilling about 50 gpm of water about 5° C.  A third chiller used for emergency backup can supply about 15 gpm of water chilled about 5° C.  The system is capable of providing temperature control to ± 1°C.  The heated water system has two steam heat exchangers in a recycling loop with makeup water added on demand based on water usage.  The system is capable of heating about 100 gpm of water to 40° C.  A 40 KW electric boiler serves as emergency backup.  The system is capable of providing temperature control to ± 1°C.  The existing indoor fish culture facilities in the wet lab are summarized in the following table:




Total

Facility
Description
#
Capacity

Egg incubators
Vertical flow-through
4
80,000

Fry troughs
10 ft long x 1 ft wide x 6 in deep
4
80,000

Fingerling tanks
4 ft in diameter
5
75,000

Living Stream tank
8 ft long, with chiller
1
-

Egg Incubators

Eggs are hatched in vertical flow incubator trays (Heath incubators).  Two incubators are set up, and four other systems are available.  About 80,000 salmon eggs can be incubated at a time.

Fry Troughs

Four fry troughs (10 ft long by 1 ft wide by 8 in deep), each capable of holding about 10,000 fry, are housed in the lab.  Troughs can be divided to hold several fish groups.

Fingerling Tanks

Fingerlings are reared in fiberglass circular tanks, each capable of holding about 15,000 small fingerlings.  More tanks can be added in the lab as needed.  When the rearing capacity of these tanks is reached, the fish are moved outdoors.

The outdoor tank yard consists of several concrete ponds and a drain system where portable troughs and circular tanks are installed as needed.  The outside tank yard covers about 4,000 ft2.  The following table describes our current outdoor holding facilities:




Smolt

Facility
Description
#
Capacity

Fingerling troughs
20 ft long x 2 ft x 1.5 ft deep
2
8,000

Juvenile tanks
6 ft in diameter
4
16,000

Brood ponds
Concrete, 20 ft dia x 3 ft deep
2
50,000

Brood Raceway
Concrete, 40 ft x 4 ft x 3 ft deep
1
25,000

Wet lab effluent is discharged directly to the Columbia River.  The discharge limit is 2.2 million gallons per day (mgd).

The process sewer system is directed to a water treatment facility and is used to dispose of effluent from bioassays and other tainted water, and as a method of quarantining fish stocks from the Columbia River.  The quantity of water we may discharge to the treatment facility is limited and must be approved for each study.
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Section 4. Key personnel

Dr. Darrell P. Chandler will be responsible for the design, development and execution of the fingerprinting microarray for salmonid stock identification, working with a full-time technical specialist with molecular biology and microarray experience.  Dr. Chandler’s current research program provides > $2.5 M in leveraged and ‘in-kind’ microarray research, with grants from the U.S. Department of Energy NABIR and LTR programs, and the U.S. Environmental Protection Agency.  He will devote 10% of his time to this project, and will be jointly responsible (with Mr. Duane Neitzel) for administrative and reporting requirements.
Mr. Duane A. Neitzel is a Staff Scientist in the Ecology Group at PNNL.  He has worked on fish and wildlife issues for the Bonneville Power Administration and other clients in the Columbia River Basin for over 25 years.  He will be responsible for the fish sampling strategy, and managing the application of the genetic techniques to specific fish management issues.  Dr. Neitzel will also be jointly responsible (with Dr. Chandler) for administrative and reporting requirements.
Dr. Don S. Daly in the Statistical Resources Group at PNNL will be responsible for Statistical support and image analysis of microarray data, overseeing the activities of a junior statistical staff member at 50% level of effort.  Dr. Daly is the co-inventor of APEX software for quantitative spectral analysis, and has been instrumental in developing new statistical methods for quantitative PCR.

C. Scott Abernethy is a Senior Technical Specialist II and has been at PNNL since December, 1971.  As manager of the Ecology Group's aquatic research laboratory, he oversees operation and maintenance of the lab and assists scientific staff in planning and coordination of research projects.  Mr. Abernathy will have responsibility for rearing and maintaining chinook salmon obtained from Priest Rapids Hatchery.

Dr. Donald Campton is a geneticist at the Abernathy Fish Technology Center, and will participate in the development of the studies and evaluation of the results as they might relate to specific regional questions.

Dr. John Colt will work with PNNL staff to provide a similar advisory role by NMFS staff for study development and result interpretation.

Darrell P. Chandler

Senior Research Scientist II

Pacific Northwest National Laboratory (PNNL)

Education
Ph.D., Washington State University, Microbiology

12/96

M.S., University of Washington, Fisheries

6/90

B.S., Michigan State University, Biochemistry (Magna Cum Laude; Honors College)
6/88

Dr. Darrell P. Chandler is a senior research scientist (level 4 of 6) at Pacific Northwest National Laboratory specializing in environmental molecular biology and technology development for environmental biodetection.  He currently manages $1,356 K annually on 8 projects and a multidisciplinary staff of 10 PhD scientists and 6 specialists/students in molecular biology, chemical sensors and microfluidics, statistics, environmental microbiology, ultrasonics and analytical chemistry.  He has extensive experience developing nucleic acid purification and detection methods specifically for low-biomass, low-copy number detection problems in environmental samples.  Current research is focused on the development of novel microfluidic platforms and reagents to enable integrated biodetection systems to be deployed in the environment and at the point of use.  These efforts also include the development of biochip array technology for the on-line detection and characterization of nucleic acids from environmental samples, in collaboration with established biotechnology companies.  The goal of our collaborative efforts is to develop fully integrated, miniaturized, automated, real-time, nucleic acid purification, detection and characterization devices for quantitative and sensitive detection of genetic material in environmental matrices.

Employment History
Senior Research Scientist II, PNNL (7/00-present)

Senior Research Scientist I, PNNL (1/98-7/00)

Research Scientist, PNNL (1/96-1/98)

Scientist, PNNL (11/94-1/96)

AWU research appointment, PNNL (1993-1994)

Technical Specialist, PNNL (1990-1993)

NORCUS research appointment, PNNL (1988-1990)

Research appointment, Dow Chemical USA (1986, 1987, 1988)

Research appointment, Michigan State Univ. Institute of Water Research (1985)
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DUANE A. NEITZEL, Senior Staff Scientist, Ecology Group

Education:  Degree(s)/Year/Specialization
B.A.,  Zoology, University of Washington,  1968

M.S.,  Biology, Washington State University,  1982

Experience and Qualifications relevant to the proposed project:

Mr. Neitzel, staff scientist with the Ecology Group, Battelle’s Pacific Northwest Division, joined Battelle in 1972.  His research efforts have focused on fisheries issues and the assessment of impacts to aquatic ecosystems from the development and production of energy, and the management of hazardous wastes. The regulatory drivers behind many of his projects are result from NEPA requirements. He is currently editor of an annual document for the U.S. Department of Energy at Hanford that describes the affected environment and is used at Hanford for EIS/EA documents.  He is also currently working with the Western Area Power Administration in Folsom, California on their NEPA activities. 

Mr. Neitzel has reported his work in over 100 journal articles, symposium proceedings, and technical reports.  Additionally, he has managed or facilitated environmental research workshops related to hazardous-waste site management, fisheries research, arid ecosystems, and marine pollution research.  Some of his major assignments are summarized below:


Yakima Fisheries Project.  Mr. Neitzel manages Battelle's participation in the Yakima Fisheries Project.  The projects include plans to build hatchery and rearing facilities for enhancing the salmon and steelhead populations of the Yakima Basin.  Mr. Neitzel is personally involved in the long-range planning documentation, which includes preparation of the project status report, project schedules, risk analysis, experimental designs, monitoring plans, and project reviews.  These documents are used by the Bonneville Power Administration, the Yakima Indian Nation, and the State of Washington to direct this project.  Battelle's participation also includes certification of monitoring facilities for juvenile and adult salmonids, statistical analysis of post release survival data, and the hypothesis analysis of the project experiments.


Threatened and Endangered Animals.  Mr. Neitzel manages an effort to assess the status of the giant Columbia River spire snail Fisherola nuttalli and the great Columbia River limpet Fluminicola columbiana.  Both species are candidates for protection under the federal Endangered Species Act.  Data collected during this study will provide the U.S. Fish and Wildlife Service with the data needed determine the level of protection required for these animals in the Columbia River basin.  The study includes a survey of sensitive aquatic habitat at the Hanford Site.  During 1992, an undescribed species of Cryptomatix n. sp was found.  This finding will be used by the U.S. Department of Energy to manage the changing mission for the Hanford Site.


Advanced Hydro Turbine Design.  Mr. Neitzel manages a project of the U.S. Department of Energy to define biological specifications for hydropower turbines.  The study includes to design and operation of a laboratory facility to simulate shear, turbulence, pressure and other fluid forces that impact fish during turbine passage.  The study results will be used by DOE to design fish-friendly turbines.


Snake River Salmon Recovery Plan.  Mr. Neitzel is managing a project with the U.S. Army Corps of Engineers to provide technical assistance in support of the Corps efforts to improve survival for Columbia River system salmon populations.  To date, tasks have included monitoring the impacts of reservoir drawdown to salmon redds, riparian vegetation, wildlife habitat, and benthos.  He is working on a biological plan to describe the potential impacts and management implications of drawing down the lower Snake River reservoirs.  The plan describes affected populations, drawdown strategies, and risk management.  The plan will be used by the Corps, the Bonneville Power Administration, and the U.S. Bureau of Reclamation.

Don Simone Daly, PNNL

Battelle, Pacific Northwest National Laboratory 

Phone: 509.375.4365

Box 999, MSIN: K5-12 




FAX: 509.375.2604

Richland, Washington 99352




E-mail: ds.daly@pnl.gov

Education:

1997
Ph.D. 
Statistics, Montana State University

1981
MS 
Statistics, Montana State University

1978
BS 
Mathematics, Montana College of Mineral Science and Technology

Dr. Daly has a broad knowledge about the innovative application of statistical methods and algorithms in new domains.  He gained this knowledge by complementing his study of statistics with an in-depth education about chemistry, physics, and engineering, and by participating in studies in non-traditional domains that required novel statistical thinking and implementation. Throughout his career, Dr. Daly has focused his research on:

· Analysis of very large sets of high-dimensional, heterogeneous data (for example, a mixed multivariate time-series of text, image and spectral samples).

· Development, evaluation and implementation of stochastic models and statistical algorithms that emphasize user interaction, and performance diagnostics.

· Communication of information about the underpinnings, results and performance of stochastic models and statistical algorithms.
Professional Background:

Automated Peak Extraction Algorithms (APEX). With two colleagues, Dr. Daly has conceived and authored an algorithm set for the detection, characterization and analysis of spectra.  Working in close collaboration, Dr. Daly developed an accurate physical model describing the random properties of time-of-flight spectra associated with mass spectrometry and chromatography.  He then derived its stochastic translation, and developed algorithms and implementations. The star element in the set is a novel peak detection algorithm (patent pending) that is robust, insensitive to baseline drift, may be automated, and minimizes user-induced bias.  Dr. Daly is extending his theory and algorithm set to include other spectral phenomena such as images and numeric representations of text.

Database Design, Development, and Management.  Dr. Daly has designed data sets and databases to handle the large volumes and complicated structures of the spatio-temporal data almost always encountered when working with multivariate sensors, sensor arrays, and sensor systems.  He developed protocols and tools to monitor data quality, protect data integrity, reduce data quantity, and aid data visualization.  Dr. Daly supervised technicians working with a dynamic database generated by remotely polling, on a weekly basis, 600+ multivariate time-series data loggers located in four states.
Relevant Publications:
1. Jarman, K.H., D.S. Daly, C.E. Petersen, A.J. Saenz, N.B. Valentine, and K.L. Wahl, Extracting and Visualizing Matrix-assisted Laser Desorption Ionization Time of Flight Fingerprints, Rapid Communications in Mass Spectrometry. 13(15): 1586-1594, 1999.

2. Johnson, R.L., D.S. Daly, G.E. Johnson. Combining Hydroacoustics, Flow Models to Study Fish Behavior. Hydro Review. 17(7):40-42 55-56. December, 1998.

3. Camper, A.K., M.A. Hamilton, K.R. Johnson, P. Stoodley, G.J. Harkin, and D.S. Daly, Bacterial Colonization of Surfaces in Flowing Systems: Methods and Analysis.  In M. Henley, editor, Proceedings: Ultrapure Water Expo 94, Littleton, CO 80162, 1994.  Tall Oaks Publishing, Inc.

4. Camper, A.K., M.A. Hamilton, K.R. Johnson, P. Stoodley, G.J. Harkin, and D.S. Daly, Methods and Analysis of Bacterial Colonization of Surfaces in Flowing Systems.  Ultrapure Water. 11(6):27-35, 1994.

5. Daly, D.S., K.K. Anderson, A.C. Rohay, and W.L. Nicholson, A Dynamic Linear Model for Three-Component Seismic Waveforms.  In Proceedings: 17th Seismic Research Symposium on Monitoring a Comprehensive Test Ban Treaty, 29 Randolph Road, Hanscom AFB, MA 01731, 1995.  Phillips Laboratory, PNL-SA-26600.  Prepared under Contract DE-AC06-76RLO 1830 for the U.S. Department of Energy Office of Nonproliferation and National Security.
C. Scott Abernathy

Senior Technical Specialist II

B.S. Fisheries Management, University of Washington, 1969

Fisheries, fish culture, fish diversions, Columbia and Snake River salmonid research

Mr. Abernethy is a Senior Technical Specialist II and has been at PNNL since December, 1971.  As manager of the Ecology Group's aquatic research laboratory, he oversees operation and maintenance of the lab and assists scientific staff in planning and coordination of research projects.  He designs experimental test systems and equipment and develops test protocols and procedures.  Scott also participates in a wide range of research projects, many of which evaluate the impacts of power production facilities on the aquatic environment.  Laboratory projects include acute and chronic toxicity studies, evaluation of thermal stress, and the effects of gas bubble trauma.  Field studies include salmon spawning surveys and hydroacoustic monitoring of fish passage at dams.  Scott has also been a major contributor in studies to evaluate the effectiveness of fish screening facilities in irrigation diversions throughout the Northwest.  He is a member of the American Fisheries Society.

DONALD E. CAMPTON
Regional Geneticist (Region 1)

U.S. Fish & Wildlife Service

Abernathy Fish Technology Center

1440 Abernathy Creek Road


Longview , WA 98632

EDUCATION

Ph.D., Genetics, University of California, Davis, 1986.


M.S., Fisheries, University of Washington, Seattle, 1981.


B.S., Genetics, University of California, Berkeley, 1974.

THESES
Ph.D.: Genetic Analysis of Body Size and Age at Sexual Maturity in the Mosquitofish. 154 p.

M.S.:  Genetic Structure of Sea-Run Cutthroat Trout (Salmo clarki clarki) Populations in the Puget Sound Area.  180 p.

FIELDS OF SPECIALIZATION
Population and quantitative genetics of fish; applications of genetics to fisheries management and conservation; effects and roles of hatcheries and artificial propagation; use of molecular genetic markers for studying population structures, evolutionary relationships, and introgressive hybridization; salmonid, poeciliid, and acipenserid fishes.

SELECTED PUBLICATIONS
Campton, D.E.  1995.  Genetic effects of hatchery fish on wild populations of Pacific salmon and steelhead: What do we really know?, p. 337-353.  IN: H.L. Schramm, Jr., and R.G. Piper (eds), Uses and Effects of Cultured Fishes in Aquatic Ecosystems,  American Fisheries Society Symposium 15, American Fisheries Society, Bethesda, Maryland.

Campton, D.E., and B. Mahmoudi.  1991.  Allozyme variation and population structure of striped mullet (Mugil cephalus) in Florida.  Copeia 1991:485-492.

Campton, D.E., F.W. Allendorf, R.J. Behnke, and F.M. Utter; M.W. Chilcote, S.A. Leider, and J.J. Loch.  1991.  Reproductive success of hatchery and wild steelhead.  Trans. Am. Fish. Soc. 120:

816-827.
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