Congratulations Young Investigator Awards \Winners!

As a sponsor for the SNP Workshop I, Applied Biosystems provided three Young Investigator Awards; one $4,000
TagMan® Assays Award to support SNP research, and two $1,000 travel reimbursement awards to attend and
contribute to this meeting. Students and post-docs were eligible to participate in the Young Investigator Awards
Program for these awards. The Awards Program recognized researchers who utilized polymorphisms to study
genetic relationships among populations and species. Awards were given based on the merits of an application
package that included an abstract, curriculum vitae, and a letter of recommendation.

TagMan" Assays Award Winner

M. Renee Bellinger,
Marine Fisheries Genetics Program, Coastal Oregon Marine Experiment Station, Hatfield Marine
Science Center, Oregon State University, 2030 Marine Science Drive, Newport, OR 37365, USA

SAGE & SNPs: Spicing up the Chinook Salmon Genetic Baseline and Advancing Our Understanding of
the Genetic Basis of Migration Timing (page 53)

Applied Biosystems Travel Awards Winners

Suzanne E. Roden,

Southwest Fisheries Science Center,
8604 La Jolla Shores Drive,

La Jolla, CA 92037 USA

Rachel E. Simmons,
Department of Animal Science,
University of California,

Davis, CA, USA

Haplotype Inference as a Method
of Producing More Powerful SNP
Markers (page 21)

Single Nucleotide Polymorphism
(SNP) Marker Discovery in Chelonia
Mydas (page 53)
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Applied Biosystems is proud to sponsor the second annual Salmon Genotyping Workshop. This two-day event

provides an opportunity for laboratories to discuss SNP discovery, applications, data analysis, and other factors that
can lead to the building of cooperative research. Applied Biosystems is the leader in genotyping research tools, and
we will continue to provide a comprehensive line of products and services that constitute the most complete set of

tools for genomic fine mapping and screening applications.
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SNP Workshop II: Applications of SNP
Genotyping in Fisheries Management

Alyeska Resort, Girdwood, AK
September 21-22, 2006

Welcome to the second SNP workshop hosted by the Genetics Section of the American Fisheries Society and
the Alaska Department of Fish and Game. We again thank Applied Biosystems for generously providing meeting
rooms, Young Investigator awards, hosted receptions, and other financial support to help make this workshop a success.

The focus of much of this workshop will be applications of SNP markers for the study of population structure and
admixture analysis of Pacific salmon. However, participants from a variety of related fields will have time to develop
discussions on SNP discovery and other applications. Guest speakers were selected to provide a thought-provoking
introduction and will present experience papers from studies of lizards, gophers, wolves, fish, and whales. Breakout
discussions will return attention to discovery, genotyping, and data management—the components necessary for
developing the large data bases required for identifying population structure and population origins of migrating salmon.

Several breakthroughs in discovery in the past year enabled the case studies presented in this workshop. These
case studies on Pacific and Atlantic salmon, and a special session on statistical and analytical issues, will demon-
strate that we are rapidly approaching the elusive goal of using high-throughput SNP genotyping as the method of
choice for both population and individual assignment.

Welcome to the participants from nearly 30 laboratories from eight countries! | hope that you have a productive
workshop and a pleasant visit to Alaska.

James E. Seeb

Alaska Department of Fish and Game,
333 Raspberry Road,

Anchorage, Alaska 99518 USA

PROGRAM COMMITTEE

Jim Seeb (chair)

Phil Morin

Shawn Narum (student award chair)
Linda Park

Lisa Seeb

Christian Smith

Steven Kalinowski
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SNP Workshop IlI: Applications of SNP Genotyping
in Fisheries Management

Alyeska Resort, Girdwood, AK
September 21-22, 2006

Opening Reception

Wednesday, September 20
7:00 PM - 9:00 PM
Grand Staircase and Fireside Lobby

2006

Day 1

SNP Workshop Il: Applications of SNP Genotyping in Fisheries Management
Thursday, September 21
Prince Court

7:30 AM

Continental breakfast

Session |: Overviews—Jim Seeb, moderator

8:30 AM

9:00 AM

9:40 AM

10:20 AM

10:40 AM

11:20 AM

12:00 PM
1:30 PM

Jim Seeb, Alaska Department of Fish and Game
Welcome and Introduction

Phil Morin, National Marine Fisheries Service, La Jolla, CA, USA
SNP Discovery and Genotyping in Non-model Organisms: Examples from Cetaceans

Melissa Gray, University of California, Los Angeles, CA, USA
The utility of dog-derived SNPs for reconstructing demographic history and gene mapping in
wild canids

Break

Anti Vasemagi, Department of Biology, University of Turku, Finland
Genome scans, outliers, SNPs and microsatellites: lessons from Atlantic salmon

Natalia Belfiore, University of California, Berkeley CA, USA
Discovering and using linked and unlinked SNPs for population genetic inference

Lunch and Poster Session

Breakout groups:
[.  TagMan® Assay help (Tony Dodge, Applied Biosystems)
II.  Databases and Data Management (Christian Smith, ADFG)

Session llI: Statistical and analytical issues—Steven Kalinowski, moderator

2:30 PM

3:00 PM

3:20 PM

3:40 PM

4:00 PM

4:20 PM

7:00 PM

Steven Kalinowski, Montana State University, Bozeman, MT, USA
Maximum likelihood approaches for estimating reproductive success and fitness in populations
with unsampled parents

Break

Rachel Simmons, Neil Clipperton and Bernie May, University of California, Davis, CA, USA
Haplotype inference as a method of producing more powerful SNP markers

Bill Templin and Anton Antonovich, ADFG Anchorage, AK, USA
Selecting the best subset of SNP loci for distinguishing populations of Yukon River Chinook Salmon

Christian Smith and Lisa Seeb, ADFG Anchorage, AK, USA
Number of alleles as a predictor of the relative assignment power of SNP and STR baselines for chum salmon

Shawn Narum, Columbia River Inter-Tribal Fish Comm., Hagerman ID, USA
Beyond Bonferroni: less conservative analyses for conservation genetics

Hosted dinner
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Day 2

SNP Workshop Il: Applications of SNP Genotyping in Fisheries Management
Friday, September 22
Prince Court

7:30 AM
8:30 AM

Continental breakfast

Announcements

Session lll: Case Studies, Linda Park, NMFS, Seattle, WA, moderator

8:40 AM

9:00 AM

9:20 AM

9:40 AM

10:00 AM
10:20 AM

10:40 AM

Lisa Seeb, Nick Decovich, and Christian Smith, ADFG Anchorage, AK, USA
SNPs reveal high levels of genetic diversity in Chinook salmon from the Copper River, Alaska

Jamie Coughlan et al., Dept. Zoology, Ecology & Plant Science, University College Cork, Ireland
A preliminary investigation of single nucleotide polymorphisms in Atlantic salmon and their
potential use in mixed stock fishery analysis

Chris Habicht et al., ADFG Anchorage, AK, USA
SNPs provide in-season stock estimates for managing sockeye salmon in Bristol Bay: Insights on stock-specific
migration pathways and schooling off-shore

James Rhydderch et al., University of Washington, Seattle, WA, USA
Small scale differentiation in space and time: Comparison of microsatellites and SNPs in measuring genetic
divergence in sockeye salmon (Oncorhynchus nerka)

Break

Shunpei Sato et al.,, Gene Conservation Section, Salmon Research Division, National Salmon
Resources Center, FRA, Sapporo 062-0922, Japan

Origins of juvenile chum salmon inhabiting the North Pacific Ocean during the winter:

Rapid estimates by SNP markers

Daria Zelenina et al., Russian Federal Institute of Fisheries and Oceanography, Moscow, Russia
Population genetics of Russian sockeye salmon assessed by single nucleotide polymorphism

Session IV: Laboratory overviews and methods, Shawn Narum, moderator

11:00 AM

12:00 PM
1:30 PM

1:50 PM

2:10 PM

Toinette Hartshorne, Applied Biosystems, Foster City, CA, USA
Troubleshooting TagMan® SNP Genotyping Assays

Lunch and SNP discovery discussion (Phil Morin, NMFS)

Shawn Narum et al., Columbia River InterTribal Fish Comm., Hagerman ID, USA
Development and evaluation of Chinook salmon SNP markers for genetic stock identification

Geir Dahle, Institute of Marine Research, Norway
Overview of research at the Institute of Marine Research, Bergen, Norway

Svein-Erik Fevolden and JI Westgaard, University of Tromso, Tromso, Norway
Activities at the Population Genetic Laboratory at the Norwegian College of Fishery Science

4 SNP WORKSHOP Il 2006

2:30 PM

2:50 PM
3:10 PM

3:30 PM

Daria Zelenina and Nikolai Mugue, Russian Federal Institute of Fisheries and Oceanography,Moscow, Russia

SNP-specific primers as a simple tool for population genotyping
Break
Sewall Young, \Washington Department of Fish and Wildlife, Olympia, WA, USA

Washington Department of Fish and Wildlife Molecular Genetics Laboratory single nucleotide
polymorphism activities: Multiplex SNP assay development, GAPS collaboration, and plans for

local mixture analyses

Discussion and Wrap-up, Jim Seeb, moderator
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SNP Discovery and Genotyping in Non-model
Organisms: Examples from Cetaceans

Morin, Phillip A, Nadia Rubio-Cisneros, Nicci Aitken, Brittany Hancock, Andrew E. Dizon, Barbara L. Taylor and
Sarah L. Mesnick

Southwest Fisheries Science Center, 8604 La Jolla Shores Dr., La Jolla, CA 92037 USA (PAM, NR-C, AED, SLM) (phillip.morin@noaa.gov)
and University of Canberra, Bruce ACT 2601, Australia (NA)

Molecular analyses of natural populations provide valuable insights into social structures, movement patterns,
population structure and evolution. Every molecular marker, however, has technological and analytical limitations.
These limitations can render them inadequate for some questions and can constrain our ability to provide adequate
information for management. The bigger the molecular tool box available to conservation geneticists, the more ver
satile and powerful our ability to answer important questions for conservation and management. We have used two
approaches to develop a novel set of genetic markers, single nucleotide polymorphisms (SNP’s), to study population
genetic structure of sperm whales and bowhead whales. For sperm whales, we identified 39 novel SNPs in 23
sequences, and developed genotyping assays for 18 independent SNPs. These loci have been used in a pilot study
to investigate population structure of sperm whales in the Eastern Pacific. Our second approach for SNP discovery
makes use of existing sequences from a bowhead whale microsatellite enriched DNA library to identify anonymous
non-repetitive sequences for primer design and SNP screening. To date we have identified 64 putative SNPs in 21
loci (8991bp of sequence), and designed assays for 20 independent loci. We have modified a novel SNP genotyping
system called Amplifluor to use highly multiplexed pre-amplification followed by individual assay genotyping using
universal fluorescent primers and real-time or end-point fluorescent detection.
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The Utility of Dog-Derived SNPs for
Reconstructing Demographic History and
Gene Mapping in Wild Canids

Melissa Gray’, Nate Sutter®, Carlos Bustamante?, Elaine Ostrander® and Robert \Wayne'

1) Department of Ecology and Evolutionary Biology, University of California, Los Angeles, CA 90095, USA, 2) Biological Statistics and
Computational Biology 101A Biotechnology Building Ithaca, NY, USA; 3) National Human Genome Research Institute, National Institutes of
Health Building, Bethesda, MD 20892-8000, USA

The availability of a complete and a nearly complete genome sequence of the dog have permitted new insights
into its evolutionary history and the population genetics of dog-like carnivores. Previous analysis of SNPs from five
genomic regions has demonstrated that dog breeds vary in levels of linkage disequilibrium reflecting differences
in demographic history. We demonstrate the first-time use of these SNP panels to reveal differences in linkage
disequilibrium among wild canid populations. Our results show striking levels of linkage disequilibrium in gray wolf
populations that accord with demographic history. We also show that SNPs developed for the dog may be useful
for population genetic studies of distant relatives of the dog. Lastly, we demonstrate the utility of the dog-derived
60,000 SNP genotyping chip for studies in wild canids.

E-mail: mgray9@ucla.edu

SNP WORKSHOP Il 2006
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Genome Scans, Outliers, SNPs and
Microsatellites: Lessons from Atlantic Salmon

Anti Vasemdgi’, Heikki Ryynanenr?, Jan Nilsson® and Craig Primmer’

1) Department of Biology, University of Turku, Finland; 2) Department of Biological and Environmental Sciences, University of Helsinki,
Finland; 3) Department of Aquaculture, Swedish University of Agricultural Sciences, Sweden

The analysis of multi-locus data to infer the signatures of selective sweeps is an active area of research both in
model and non-model organisms. These methods hold the promise of identification genes and genomic regions
that contribute to the adaptive phenotypic variation in natural populations but currently very little is known about
the properties of various approaches. In particular, the power of identification hitchhiking effects and the effect of
violation of test assumptions has been evaluated only in limited cases. | first discuss the relative merits of currently
available genome scan approaches using SNP and microsatellite markers. | then address the question of whether
the violation of test assumptions in model-based approaches can lead to identification of elevated levels of false
positive outliers and evaluate the potential strategies that are expected to enhance the efficiency of genome scans.
Finally, | provide examples of genome scans conducted in Atlantic salmon that utilize SNE indel and microsatellite
polymorphisms and discuss what evolutionary insights can be gained by conducting similar studies in other
salmonid fishes.
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Discovering and Using Linked and Unlinked
SNPs for Population Genetic Inference

Natalia M. Belfiore, Museum of Vertebrate Zoology, University of California, Berkeley, CA, USA

Several methods are currently being used to identify single nucleotide polymorphisms (SNPs) in non model organ-
isms. Each method has advantages and disadvantages. | have developed multiple independent markers from two
species of vertebrates, a mammal and a squamate, from screening genomic libraries. Each marker has between
one and 100 individual SNPs. These markers have proven useful in numerous applications, both within the species
for which they were developed, and across related species. | have used these markers as a series of linked SNPs
in several population genetic and phylogenetic applications. | have also used the population data from the linked
SNPs to test assumptions about ascertainment bias in SNP discovery approaches, and to evaluate the ascertain-
ment panels used in the discovery phase. Finally, | have used the linked SNPs to determine which individual SNPs
are most informative in SNP genotyping studies.

Genomic libraries were created by shearing and blunt end cloning genomic DNA from a mammal, Thomomys bot-
tae (Bottae's pocket gopher), and a reptile, Sceloporus undulatus (Eastern fence lizard). Hybridization with genomic
DNA probes permitted avoidance of presumed high copy number regions in the clone sequencing step. At least
200 clones were sequenced for each species. Most of these loci were determined to be noncoding regions,
although some showed a high probability of including protein domains or being homologous to annotated genes

in other taxa. Primers were designed for approximately 75 loci in each species, and primer design strategies were
optimized to increase the likelihood of obtaining good quality sequence from each locus. Approximately 20 loci
were screened in an ascertainment panel to assess the levels of informative variation within and across populations.

The ascertainment panel for the gopher library was selected to include 3 individuals each of 3 populations of inter
est, plus one individual each from distant populations. Variation within and across populations in both mammals
and lizards was unexpectedly high, compared to SNP frequency estimations from published genome sequencing
projects, and summaries of SNP frequencies in nonmodel organisms published to date. Patterns of relatedness
among individuals in the ascertainment panel reflected the ascertainment strategy of the discovery process, as
expected. Assessments of ascertainment strategies have demonstrated that biogeographically stratified panels do
not differ from randomly selected panels, if the randomly selected panels sample from across the entire range or
the entire region of interest of the taxon.

In principle, using a series of linked SNPs (sequence data) from multiple unlinked loci greatly increases the power
to infer historical processes in populations because the data are genealogical instead of allelic. However, there
are several practical tradeoffs to consider when choosing whether to sequence or genotype SNPs, and how many
SNPs to assess per locus. The foremost considerations that favor SNP genotyping over sequencing in nonmodel
organisms are cost of the assays, the interaction between cost per locus and number of loci, and source of the
DNA sample. Sequencing by commonly used methods is expensive and cannot be multiplexed; scoring of geno-
types, by various methods, is usually cheaper per individual if a large number of individuals are to be assayed;

(Continued on next page)
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genotyping can be multiplexed by some methods; SNP genotyping can theoretically be performed on highly
fragmented or degraded DNA samples, whereas sequencing of longer fragments generally requires high quality
DNA. New sequencing methods may bring the cost down considerably which would merit reconsideration of
these practical tradeoffs.

The second category of tradeoffs to consider is the availability of analytical methods for each type of data. Analysis
methods for multilocus sequence data are few and controversial; population genetic analysis methods that consider
sequence data are even rarer. This gap, however, is computational, not theoretical, and it is likely that current
approaches to resolving population genetic questions will continue to be adapted to use multilocus sequence data.
Nonetheless, nearly all population genetic analysis programs will accept codominant allelic or genotype data, making
the immediate use of data from SNP genotyping attractive.

Finally, | propose a combined approach to using linked vs unlinked SNPs for population studies. There are multiple
practical reasons to obtain sequences from a subset of individuals for each population or taxon to be studied, not
the least of which is to be certain there is not hidden polymorphism in priming or probe hybridization sites. If
enough variation is present in a given locus that multiple SNPs are under consideration for genotyping, there are
several methods available that will operationally consider each SNP and assign rankings to individual and combina-
tions of SNPs for each locus with respect to their information content. At this level, it is extremely efficient to
select the most informative SNPs if one is to genotype only a subset of SNPs per locus. This approach can be
taken to the next level. With high probabilities, a subset of SNPs in a locus can be used to analytically reconstruct
whole haplotypes.

In this way, studies of nonmodel organisms will be able to take advantage of the tools and methods being devel-
oped and vetted in the field of human population genetics. As analytical tools become increasingly available for
population genetic analysis of multilocus sequence data, these reconstructed haplotypes will prove increasingly
useful. In a practical sense, we can sequence a moderate number of individuals from each population or taxon
under study, at each locus. Using this population information, we can query the data to ask how many and which
SNPs should be ideally genotyped to best infer haplotypes for each individual at each locus. Then, we can genotype
those SNPs in the rest of the individuals in each population, including individuals for which only forensic quality
DNA is available. Finally, we can analyze all SNPs as allelic or genotype data, linked or unlinked, with currently
available tools; we can infer haplotypes and use the growing number of methods available that consider multilocus
sequence data for population genetic analysis.
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TagMan” SNP Genotyping, Ask the Expert
Help Desk

Hosted by Tony Dodge, Applied Biosystems

Bring your questions and/or data to an open forum to discuss SNP genotyping topics with an Applied Biosystems
representative. We can cover a variety of areas, including; study design, TagMan” Assay design, workflow, analysis
and troubleshooting of SNP genotyping projects. There will be no set agenda, so please bring any topics you'd like
to discuss or just come to listen and learn. A computer with analysis software will be available, so if you have
guestions about data, please bring the file on a USB drive (either raw or "sds’ data files are acceptable).
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Maximum Likelihood Approaches for Estimating
Reproductive Success and Fitness in Populations
with Unsampled Parents

Steven T Kalinowski

Department of Ecology, Montana State University, Bozeman, MT 59717 USA

A common method for estimating the fitness of salmon stocks in the wild is to genotype adults as they ascend
rivers to spawn and smolts as they head to the ocean. Parentage tests can then be used to identify the offspring of
the adults and thereby estimate the relative fitness of each stock. This experimental design has been used to show
that wild-reared individuals have as much higher reproductive success than hatchery-reared fish. The approach,
however, is prone to two difficulties. First, if too few loci are genotyped, parentage assignment can be ambiguous.
Second, sampling all parents can be difficult, and this also complicates parentage assignment. In my presentation,
I will show how maximum likelihood methods can be used to address both problems.
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Applied Biosystems Travel Awards Winner #1
Haplotype Inference as a Method of Producing
More Powerful SNP Markers

Rachel E. Simmons, Neil W. Clipperton and Bernie May

Department of Animal Science, University of California, Davis, CA, USA

As several recent simulation studies have noted, SNPs are expected to have less power than microsatellites in
detecting low levels of population divergence, mainly due to microsatellites’ higher allele count. One possible
solution to this problem is scoring groups of SNPs as multiallelic loci. A suite of 22 SNP markers in 15 genes was
developed into TagMan real-time PCR assays for high-throughput genotyping in order to study introgression and
related questions in redband trout (Oncorhynchus mykiss subspp.). For five groups of closely linked SNPs (two to
three SNPs within 700bp), the program PHASE was used on each population to determine the haplotype for each
individual, which was then scored as a single locus with up to four or eight possible alleles. Resulting haplotypes
were usually unambiguous, and the majority of double or triple heterozygotes were well supported, slightly more
so for a SNP triplet than for couplets. In all cases, the genotypes produced are more informative than either SNP
alone as assessed by WHICHLOCI. Among populations surveyed, the minimum Fst estimate is 0.118, and the
average Fst values are much higher than those obtained by a microsatellite study with overlapping populations. For
the redband trout populations sampled, population relatedness closely follows an earlier AFLP study and generally
groups populations by basins. An evaluation of the ease of scoring, labor intensity, genotyping accuracy, analytical
considerations and resulting Fst values indicate that “SNP blocks” will be an advantageous choice for future population
genetic studies, especially in organisms with well-defined genomes.
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Selecting the Best Subset of SNP Loci for
Distinguishing Yukon River Chinook Salmon

William D. Templin and Anton B. Antonovich

Alaska Department of Fish and Game, Anchorage, AK, USA

Recent advances in the development of relatively inexpensive genetic assays have brought about a dramatic
increase in the methods and applications for genetic data in the management of salmon fisheries. Increases in the
speed at which laboratory analyses can be processed have been offset by increases in the demand for additional
samples to be analyzed. At the same time, the desire for increased levels of stock resolution has fueled the search
for markers that will distinguish ever finer levels of structure. When the desire for resolution is counterbalanced
with the costs (time and funding) of analysis, it is apparent that optimal sets of loci need to be identified to meet
the objectives of any given analysis. We explored three methods of choosing an optimal set of SNP loci from

the 24 SNPs available in Yukon River Chinook salmon. By ranking each locus using 1) mean interpopulation allelic
frequency differences (delta), 2) mean interpopulation Fst, and 3) summed loadings for each locus from principal
components analysis, we developed sets of informative loci that were incrementally tested for precision and
accuracy in simulated mixed stock analysis. The results show that while each method does not rank the loci the
same, the methods do choose sets of loci that provide very similar results. In addition, these sets of loci are more
informative for mixed stock analysis than randomly generated sets of loci.
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Number of Alleles as a Predictor of the Relative
Assignment Power of SNP and STR Baselines
for Chum Salmon

Christian Smith and Lisa Seeb

Gene Conservation Laboratory, Alaska Department of Fish and Game, Anchorage, AK 99518, USA

Simulation studies have indicated that number of independent alleles is a good predictor of the power of genetic
markers for estimating genetic divergence and for mixed-stock analyses. Empirical data comparing STR markers to
one another and to allozyme markers have further supported this hypothesis.

Extant STR baselines for chum salmon contain hundreds of alleles and it has been suggested that several hundred
SNP markers will be required before SNP baselines will have equivalent assignment power to these STR baselines

Empirical data for several species, however, has indicated that individual SNP markers may have more power than
STRs exhibiting many alleles. Further, the process of SNP ascertainment makes such loci more likely than random
to be included in a set of markers used in any application. In the present study we plan to compare 16 STRs
exhibiting 394 independent alleles to 60 SNP markers containing 60 independent alleles to analyze closely related
populations of chum salmon. We will compare the power of these two baselines for mixed-stock analyses, and
further compare subsets of the STR marker sets that contain ~60 alleles to the SNP baseline. We predict that the
discrepancies between published simulation results and our data will be caused due to a failure of those simulation
studies to account for ascertainment processes commonly used in developing SNP baselines.
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Beyond Bonferroni: Less Conservative Analyses
for Conservation Genetics

Shawn R. Narum

Columbia River InterTribal Fish Commission, 3059-F National Fish Hatchery Road, Hagerman, ID 83332, USA

Studies in conservation genetics often attempt to determine genetic differentiation between two or more temporally
or geographically distinct sample collections. Pairwise p-values from Fisher’s exact tests or contingency Chi-square
tests are commonly reported with a Bonferroni correction for multiple tests. While the Bonferroni correction
controls the experiment-wise a , this correction is very conservative and results in greatly diminished power to
detect differentiation among pairs of sample collections. An alternative is to control the false discovery rate (FDR)
that provides increased power, but this method only maintains experiment-wise o when none of the pairwise
comparisons are significant. Recent modifications to the FDR method provide a moderate approach to determining
significance level. Simulations reveal that critical values of multiple comparison tests with both the Bonferroni
method and a modified FDR method approach a minimum asymptote very near zero as the number of tests gets
large, but the Bonferroni method approaches zero much more rapidly than the modified FDR method. | compared
pairwise significance from three published studies using three critical values corresponding to Bonferroni, FDR, and
modified FDR methods. Results suggest that the modified FDR method may provide the most biologically important
critical value for evaluating significance of population differentiation in conservation genetics. Ultimately, more
thorough reporting of statistical significance is needed to allow interpretation of biological significance of genetic
differentiation among populations.
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SNPs Reveal High Levels of Genetic Diversity in
Chinook Salmon From the Copper River, Alaska

Lisa Seeb, Nick Decovich and Christian Smith

Gene Conservation Laboratory, Alaska Department of Fish and Game, Anchorage, AK 99518, USA

Understanding the evolution of life-history and genetic diversity is central to the conservation and management of
Pacific salmon, and a large body of literature exists describing genetic diversity as revealed first by allozymes and
then microsatellite markers. However, single nucleotide polymorphisms are rapidly becoming the marker of choice
for these types of studies because of better genome coverage, low genotyping error rates, and compatibility of
datasets across laboratories and species. In this study, we examine genetic diversity among populations of
Chinook salmon from the Copper River, a large glacially dominated system located in Southcentral Alaska. The
watershed is one of the most diverse in Alaska with glacial fjords and wide river valleys, and populations of Chinook
salmon exhibit considerable life-history diversity and variable run-timing. We examine the genetic diversity as
revealed by 51 SNP markers and test these markers for evidence of divergent allele frequencies consistent with
genes under selection. We then compare the information content and population structure of these 51 SNPs to
that revealed by the 13 microsatellite loci commonly used by Chinook salmon researchers.
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A Preliminary Investigation of Single Nucleotide
Polymorphisms in Atlantic Salmon and Their
Potential Use in Mixed Stock Fishery Analysis

Jamie Coughlan’, Phil McGinnity?, Shau Neen Liu-Cordero®, Willie Davidson®, Thomas Moen?®, Ken Whelan?
and Tom Cross’

1) Dept. Zoology, Ecology & Plant Science, University College Cork, Ireland; 2) Marine Institute, Newport, Co Mayo, Ireland; 3) Biotrove Inc.,
Woburn, MA; 4) Dept. Molecular Biology and Biochemistry, Simon Fraser University, BC, Canada; 5) AKVAFORSK, The Institute of
Aquaculture Research, N-6600 Sunndalsera, Norway

A renewed interest in genetic stock identification (GSI) of Atlantic salmon (Salmo salan has been triggered by the
instigation of strict conservation measures coupled with rising concerns about increasing marine-phase mortality
and potential changes in migration patterns with respect to climate change. Microsatellite DNA loci are currently
the markers of choice for GSI and mixed-stock-analysis (MSA) and while these perform well, they have a number
of disadvantages particularly associated with interlaboratory calibration of allele/genotype designations and
different laboratory preferences with respect to specific locus suites. Single nucleotide polymorphisms (SNPs)
may offer a viable alternative to microsatellite loci and while the information revealed by one SNP locus can be
reduced compared to a typical microsatellite locus, the use of automated technology and array-based screening,
can mean that the analysis of many more SNP loci for a larger number of individuals, can be achieved over similar
time scales. Here, we present the results of a pilot study in which 595 juvenile Atlantic salmon individuals from
six distinct river systems from across the Atlantic species range and from four major tributaries of the River Moy,
Ireland, were screened for variation at 51 SNP loci (mostly derived from ESTs). The samples were screened using
the Biotrove open array genotyping system using ABI TagMan assays. Up to 35 loci revealed reliably scorable and
potentially informative genotype information, although there were some indications of highly significant linkage
associations between a few of the loci. High levels of differentiation were observed between river samples, which
increased with geographic distance. A similar pattern of genetic relationships compared to microsatellite loci was
apparent from dendrograms. Heterozygosity at the different loci was highly variable and a number of loci appeared
to approach fixation for alternate alleles when western and eastern Atlantic samples were compared. Levels of
individual assignment (IA) were generally slightly lower but comparable to those produced by microsatellite loci
and also appeared to be related to geographic distance between samples. In addition, we analysed a sample of 32
adults caught near the mouth of the River Moy and compared assignment results with those from a recent micro-
satellite DNA study. We estimate that up to 100 SNPs (distributed widely over the nuclear and mtDNA genome)
will be needed to obtain reliable MSA and IA to levels informative for fisheries managers and the development of
conservation strategies.
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SNPs Provide In-season Stock Estimates for
Managing Sockeye Salmon in Bristol Bay:
Insights on Stock-specific Migration Pathways
and Schooling Off-shore

Christopher Habicht, Lisa W. Seeb, Katia Pronzati and James E. Seeb

Gene Conservation Laboratory, Alaska Department of Fish and Game, Anchorage, AK 99518, USA

Bristol Bay hosts the largest sockeye salmon (Oncorhynchus nerka) fishery in the world. Management uses maxi-
mum-sustained yield principals and escapement goals to make in-season decisions to allow harvest within terminal
areas at the river mouths. A test fishery intercepts sockeye salmon seven days before they enter these terminal
fishing areas, providing an opportunity to assess stock strength in-season. These data enable fishery managers to
compare relative stock strengths with pre-season forecasts and adjust fishery openings accordingly. In 2006, using
SNP data from a 10,000 fish baseline and 2000 test fishery fish, we provided estimates of stock compositions
within 24 hours. The stock composition results were incorporated into fishery management decisions. In 2006,
we correctly foreshadowed higher stock strengths in western Bristol Bay and weaker stock strengths in some
southeastern Bristol Bay stocks. We identified stock-specific migration patterns within the test fishery, and found
high variability in the daily stock compositions indicating stock-specific schooling. The lack of panmixia in returning
adults highlights the need to ensure test fishing samples adequately represent all returning fish stocks.
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Small Scale Differentiation in Space and Time:
Comparison of Microsatellites and SNPs in
Measuring Genetic Divergence in Sockeye
Salmon (Oncorhynchus nerka)

Rhydderch, J.G., Newton, L.R., Lin, J. and Hauser, L.

SNPs are being hailed as the new marker for population genetics, despite concerns on selective effects, ascertain-
ment bias and low variability. In particular, the power of SNPs to detect fine scale genetic differentiation is still
untested, as most comparisons involve large geographic ranges with considerable genetic differentiation. Here,

we present SNP data from samples of geographically proximate populations of sockeye salmon beach and creek
spawners in Little Togiak Lake, Alaska, over two years. Microsatellite analyses from 12 loci showed considerable
differentiation between the two creek populations (F,=0.038) as well as between creek fish and the adjacent
beach population (F,; = 0.020 - 0.066). Furthermore, large temporal differentiation in one creek appeared to be due
to the replacement of one population by another, suggesting metapopulation dynamics in small sockeye popula-
tions. In contrast, little spatial and temporal differentiation was observed in beach populations (F . =0.007). Genetic
diversity was higher in beach (H.=0.789) than in creek spawners (H, =0.730). Data from 37 SNP loci were collected
from the same populations using a novel chemistry reducing costs of initial assays and allowing calling of genotype
scores on a plate reader. Comparisons of the two data sets allow an investigation of the effects of selection, locus
variability and number of loci on estimators of genetic diversity and differentiation, as well as on results from recent
assignment approaches.
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Origins of Juvenile Chum Salmon Inhabiting the
North Pacific Ocean During the Winter:
Rapid Estimates by SNP Markers

Shunpei Sato’, Lisa W. Seeb?, James E. Seeb?, Masa-aki Fukuwaka®, Satoru Takahashi* and Shigehiko Urawa’"

1) Gene Conservation Section, Salmon Research Division, National Salmon Resources Center, FRA, Sapporo 062-0922, Japan; 2) Gene
Conservation Laboratory, Alaska Department of Fish and Game, Anchorage, AK 99518, USA; 3) Hokkaido National Fisheries Research Insti-
tute, Kushiro, Hokkaido 085-0802, Japan; 4) Nemuro Branch, National Salmon Resources Center, Nemuro, Hokkaido 086-1109, Japan

In 1996 and 1998, Japanese research scientists conducted winter salmon surveys in the North Pacific Ocean and
the Bering Sea and determined stock origin of chum salmon caught in the North Pacific Ocean by allozyme analyses
(Urawa and Ueno, 1997 1999). In 2006, we surveyed spatial distribution of chum salmon in the winter North Pacific
Ocean and caught many genetic samples of juvenile chum salmon.

# Oral presenter
* Correspondent author (urawa@affrc.go.jp)
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Population Genetics of Russian Sockeye Salmon
Assessed by Single Nucleotide Polymorphism

Daria Zelenina, Anastasia Khrustaleva, Vladimir Mugue, Diana Stoklitskaya and Nikolai Mugue

Russian Federal Institute of Fisheries and Oceanography, Moscow, Russia

Over 500 specimens have been screened for five SNP loci to investigate population structure of Russian sockeye
salmon. Three spawning populations from West Kamchatka (Palana, Bol'shaya and Ozernaya rivers), two from East
Kamchatka (Kamchatka and Pakhacha rivers) and by one population from Chukotka peninsula, Kuriles Islands and
western coast of Okhotskoe Sea (Okhota river) have been analyzed. Five SNPs were screened (MHC251, MHC190,
MHC109, Prl2, CytB26). Most of the populations studied were under Hardy-Weinberg equilibrium and obtained data
allowed to reveal a genetic structure of sockeye salmon on the Russian coast.

Three SNP loci spanned within 140 bp in the same exon of the MHC gene manifested remarkably different linkage

behavior. While MHC251 and MHC109 sites are tightly linked in all three West Kamchatka populations and some
others, SNP MHC190 (positioned between two previous sites) appears to be unlinked.

SNP WORKSHOP Il 2006 39



Notes:

40

SNP WORKSHORP I

2006

Troubleshooting TagMan” SNP Genotyping
Assays

Toinette Hartshorne, PhD, Sr. Product Applications Specialist

Applied Biosystems, 850 Lincoln Centre Drive, Foster City, CA 94404, USA

When choosing a SNP Genotyping solution, many factors need to be considered to decide on the right technology for
a project. Some of these considerations include; ease of use, cost and portability of the technology, and conversion
rate. While the TagMan® SNP Genotyping Assay technology has advantages in line with this criteria, the conversion
rate can be greatly affected by the completeness of the sequence information and understanding of the complexity
of the genome for the species of interest. SNP genotyping in such genomes can provide some challenges in assay
conversion. This presentation will focus on best practices and common reoccurring performance issues, providing
suggestions on how to help increase assay conversion rates.
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Development and Evaluation of Chinook Salmon
Single Nucleotide Polymorphism (SNP) Markers
for Genetic Stock |dentification

Shawn Narum', Michael Banks?, Matt CampbelP, Carlos Garza*, Chuck Guthrie®, Kristi Miller?, Paul Moran’, Ruth
Phillips?, Lisa Seeb®, Christian Smith® and Sewall Young™
1) Columbia River Inter-Tribal Fish Commission; 2) Oregon State University; 3) Idaho Department of Fish & Game; 4) Southwest Fisheries
Science Center, NOAA Fisheries; 5) Alaska Fisheries Science Center, NOAA Fisheries; 6) Canadian Department of Fisheries and Oceans; 7)

Northwest Fisheries Science Center, NOAA Fisheries; 8) Washington State University Vancouver; 9) Alaska Department of Fish and Game;
10) Washington Department of Fish and Wildlife

This collaborative project entails the development and evaluation of single nucleotide polymorphism (SNP) genetic
markers for genetic stock identification (GSI) of Chinook salmon in mixed stock fisheries. SNP markers potentially
offer a more cost-effective and less errorprone alternative to existing genetic tools that may be used independently
or in tandem with existing microsatellite data to improve accuracy and precision of stock assignments. The Genetic
Analysis of Pacific Salmonids (GAPS) consortium has recognized the potential value of SNP markers as a tool for
fishery genetics and identified two important tasks necessary before SNPs can be widely utilized for GSI purposes:
SNP ascertainment and SNP evaluation throughout the species range. SNP ascertainment is necessary to increase
the number of markers for Chinook salmon, since many SNPs will be needed to meet broad GSI needs and few are
currently available. These SNP loci then need to be genotyped on a coast-wide scale to determine the geographic
extent of polymorphism of individual loci, to estimate the number of SNPs needed for GSI, and to compare assign-
ment power of marker types (SNPs versus microsatellites). Initial development of SNPs will provide the foundation
for adding informative SNP loci for GSI purposes. Currently, 40 SNPs have been ascertained, verified among labs,
and genotyped for greater than 20 coast-wide populations of Chinook salmon. Further SNP ascertainment and
genotyping is ongoing.
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Overview of Research at the Institute of
Marine Research, Bergen, Norway

Geir Dahle

Institute of Marine Research, Norway

Institute of Marine Research (IMR), Norway is one of the largest European marine research institutes, employing in
excess of 600 persons, including scientists, technicians, post docs and seamen. The Institute is a research institute
under the Ministry of Fisheries, but it also includes master and PhD students in several projects in close collaboration
with the University of Bergen. The scientific activity of the Institute of Marine Research is organized in the form of
19 interdisciplinary research groups.

Population genetic Research group Activity

e Genetic and ecological impacts of escaped salmon and cod

e Genetic problems associated with coastal cod and the development of lobster and scallop ranching
e Species identification based on genetic methods

e Further development of genetically marked cod broodstock

e Development of a pilot monitoring programme in the Hardangerfjord

e Significance of salmon louse infections for the population structure of wild salmon
e (enetic tracking of fish-farm escapees

e Genetic studies of king crabs

e (Genetic aspects of establishing American lobsters

e Biobanks

e Population genetics studies of wild stocks

Molecular biology Laboratory

A modern genetics laboratory, well equipped for both protein and DNA analyses. Available equipment includes:
several PCR machines, an automated gene analyzer (ABI 3130XL), set-ups for all types of electrophoresis; vertical,
horizontal, starch, agarose, PAGE, |IEF, pulse-gel, etc.

The fully automated gene analyzer, ABI 3130XL Genetic Analyzer, is a fluorescence based DNA analyzing system
with 16 capillaries. The ABI 3130XL together with a semi-automated DNA isolation system makes it possible for
the laboratory to analyze several hundred samples every day. The laboratory is thus well suited for large screening
projects of wild populations as well as genotyping and surveillance of different farmed species. The gene analyzer
is used for micro-satellite analyses of species such as salmon, cod, lobster and halibut, but will also be used for
SNP analyses.
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Activities at the Population Genetic Laboratory
at the Norwegian College of Fishery Science

SE Fevolden and JI Westgaard

Norwegian College of Fishery Science, University of Tromso, 9037 Tromso, Norway

Our main focus in recent years has been the population structure of Atlantic cod (Gadus morhua) in the NE Atlantic,
in particular the differentiation between the migratory North-East Arctic Cod and the Norwegian Coastal Cod.
Other species that have been studied are:

e Capelin (Mallotus villosus)

e Brown trout (Salmo trutta)

e Arctic charr (Salvelinus alpinus)

e Deep sea shrimp (Pandalus borealis)

e |celandic scallop (Chlamys islandica)

Present and future activities also include genetic studies of key organisms in the arctic/polar basin such as:
e Polar cod (Boreoghadus saida)

e |ce cod (Arctogadus glacialis)

e  (Calanoid copepods (Calanus finnmarchicus, C. glacialis, C. hyperboreus)

Finally, we are involved in the possible species differentiation between the Pacific Theragra chalcogramma and
Theragra finnmarchica, which is found in small numbers off the coast of northern Norway.
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SNP-specific Primers as a Simple Tool for
Population Genotyping

Nikolai Mugue and Daria Zelenina

Russian Federal Institute of Fisheries and Oceanography, Moscow, Russia

Out of a number of techniques for SNP detection, a real-time PCR with TagMan kit is the choice for many genetics
studies. However, restricted access to the real-time PCR machine, as well as costly reagents could urge one to look
for a simpler and less sophisticated, but still high-throughput technique.

We have developed a set of SNP-specific primers for five loci of sockeye salmon (MHC251, MHC190, MHC109,
Pri2, CytB26). For each locus two PCR reactions with one allele specific and one anchor primer were performed and
PCR products were consequently loaded into the same slot on the agarose gel with 10 minutes delay to separate
allele specific bands. This method allows to reduce a total cost of SNP genotyping to approximately 6 Cents per
locus/sample and perform the analysis on a regular PCR machine followed by horizontal agarose gel electrophore-
sis. Reliability of this method was confirmed by cross-checking analysis of the same set of samples performed with
TagMan (data from ADF&G).
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Washington Department of Fish and Wildlife
Molecular Genetics Laboratory Single
Nucleotide Polymorphism Activities: Multiplex
SNP Assay Development, GAPS Collaboration,
and Plans for Local Mixture Analyses

Sewall F. Young

Washington Department of Fish and Wildlife, Molecular Genetics Laboratory, Olympia, WA, USA

The Molecular Genetics Laboratory currently is designing and optimizing multiplexed, microarray-based single
nucleotide polymorphism (SNP) assays based on chum and Chinook salmon SNPs discovered in other laboratories.
The Beckman Coulter SNPstream platform uses proprietary microarray formats for 12-plex and 48-plex SNP panels
that provide flexibility to the multiplex design process. Our conversion rate of DNA sequences to reliable, working
assays currently is 756-80%. Our Chinook panels include 39 of the current 41loci in the GAPS set and our chum
panels include 32 SNPs discovered by ADF&G and NMFS-NWFSC.

During the next year, we will work on Chinook salmon SNP discovery as part of the GAPS collaboration, we will

complete a SNP and microsatellite baseline data set including all recognized Puget Sound Chinook stocks and we
will use that baseline to analyze the composition of Chinook harvests in recreational fisheries in Puget Sound.
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Other Young Investigator Awards Abstract
Submissions

Applied Biosystems Travel Award Winner #2
Single Nucleotide Polymorphism (SNP) Marker Discovery
in Chelonia Mydas

Suzanne E. Roden’?, PA. Morin’ and PH. Dutton’

1) NMFS, Southwest Fisheries Science Center, 8604 La Jolla Shores Drive, La Jolla, CA 92037 USA; 2) University of San Diego,
Marine Science Dept., 5998 Alcala Park, San Diego, CA 92110, USA

Chelonia mydas was used as a model to develop a series of nuclear SNP loci. DNA extracts from 39 green
turtles sampled in Caribbean, East Pacific, Central Pacific, Mediterranean, and Indo-Pacific locations were used
for two methods of SNP discovery. The first approach employed amplified fragment length polymorphism (AFLP)
techniques to generate random fragments of DNA. The second technique used a microsatellite library to screen
sequences of DNA segments not containing complex repeats. Site specific primers were designed for 16 candi-
date clones from the library and used to amplify identical regions, ranging in size from approximately 250-550 bp,
across a set of individuals. The resulting homologous sequences were compared for differences across green
turtles to identify single point mutations. A total of 15 loci (approximately 5900 bases) were screened resulting in
the discovery of 54 SNPs, or an average of one SNP every 110 bp. Minor SNP alleles ranged in frequency from
0.02 to 0.5. One SNP will be chosen from each locus to generate a set of 15 independent SNP markers. These
markers will be used to assess green turtle population structure in the Pacific.

Applied Biosystems TagMan’ Assays Award Winner

SAGE & SNPs: Spicing up the Chinook Salmon Genetic
Baseline and Advancing Our Understanding of the Genetic
Basis of Migration Timing

M. Renee Bellinger

Marine Fisheries Genetics Program, Coastal Oregon Marine Experiment Station, Hatfield Marine Science Center, Oregon State University,
2030 Marine Science Drive, Newport, OR 37365, USA

The recently developed standardized Chinook salmon genetic baseline (GAPS consortium, Seeb et al., submitted)
has enabled scientists the unprecedented ability to match ocean-harvested fish with their most-likely source population.
Current efforts to combine the origin of an individual fish with its at-sea collection location holds promise to
revolutionize our understanding of schooling behavior and ocean distribution of Chinook (i.e. www.projectCROOS.com).

(Continued on next page)
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Real-time assessment of stock composition by harvest-location allows managers to maximize harvest of
healthy stocks while avoiding harvest of weak stocks and thereby decreasing the overall impact of ocean fisheries
on endangered populations. Efforts to assign ocean-harvested Chinook salmon to their most-likely population of
origin rely on rapid and economical methodologies. While technology for rapid population assignment exists via the
recently developed standardized microsatellite baseline (Seeb et al. submitted), sample processing is expensive
and the baseline requires continual maintenance as new alleles must be monitored and standardized among all
participating laboratories. A simpler and potentially cheaper methodology for population assignment is to use
Single Nucleotide Polymorphisms (SNPs), which do not require standardization or continual updates because alleles
are scored only as either homozygous or heterozygous. Population assignment using SNPs is currently restricted
because few (<100) have been developed and accurate population assignment can require up to several hundred.

LongSAGE is one methodology whereby RNA is captured directly from a sample and 21 base-pair expressed
sequence tags (SAGE tags) are identified. This methodology is ideal for gene expression experiments as it has

the ability to discover novel and lowly expressed genes (Chen et al. 2002; Sun et al. 2004), unlike microarrays in
which sample RNA binds to known oligonucleotides from cDNA or genomic libraries (Lu et al. 2004). Bernier et

al. (manuscript in prep.) used serial analysis of gene expression (LongSAGE) to identify 221 differentially expressed
sequence tags (ESTs) in fall and spring migrating Chinook salmon using ocean-harvested salmon as a control.
Putative gene functions were assigned to 125 of the 221 tags, with 96 tags classified as hypothetical proteins or
unknowns. Since ESTs with known functions have previously been data-mined for SNPs, | plan to continue Berni-
er's research by isolating “unknown” tags and assessing their usefulness in discriminating closely-related popula-
tions, particularly those separated primarily by migration timing. Furthermore, identification of these unknown
genes may contribute to our understanding of the genetic mechanism that enables extreme variability of life-history
in salmon. Using each “unknown” SAGE tag cDNA sequence as a “forward” primer and a random hexamer as a
“reverse” primers, | will attempt to amplify these unknown regions using PCR. Next | will run the PCR product on
a gel, excise all bands that amplified, and will clone the PCR product. Then | will sequence the cloned product and
re-design primers to amplify the targeted region in a set of Chinook salmon that represent multiple populations and
various life-histories. If sequences are variable, | will submit the gene sequences to ABI for TagMan assay develop-
ment, and screen all successful SNPs with the set of populations identified by the GAPs consortium.

Bernier, J., S. R. Birkeland, M. J. Cipriano, A. G. McArthur and M. A. Banks. Neural gene expression profiling in Chinook salmon (Oncorhynchus tshawtscha) of
alternate run times. In prep.

Chen, J. J., Sun, M., Lee, S. G., Zhou, G. L., Rowley, J. D. and Wang, S. (2002b). Identifying novel transcripts and novel genes in the human genome by using novel
SAGE tags. Proceedings of the National Academy of Sciences of the United States of America 99:12257-12262.

Lu, J., Lal, A., Merriman, B., Nelson, S. and Riggins, G. (2004). A comparison of gene expression profiles produced by SAGE, long SAGE, and oligonucleotide chips.
Genomics 84:631-636.

Seeb, L. W., A. Antonovcich, M. A. Banks, T. D. Beacham, M. R. Bellinger, S. M. Blankenship, M. Campbell, N. A. Decovich, J. C. Garza, C. M. Guthrie lll,
T. A. Lundrigan, P Moran, S. R. Narum, J. J. Stephenson, K. J. Supernault, D. J. Teel, W. D. Templin, J. K. Wenburg, S. F. Young and C. T. Smith. Development of a
Standardized DNA Database for Chinook Salmon. Submitted to Fisheries.

Sun, M., Zhou, G. L., Lee, S., Chen, J. J., Shi, R. Z. and Wang, S. M. (2004). SAGE is far more sensitive than EST for detecting low-abundance transcripts.
Bmc Genomics 5:1-5.
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Mitochondrial D-loop Sequence Variation Among Chinook
Salmon (Oncorhynchus tshawytscha) Populations

Kyle E. Martin, Joseph P Brunelli, Robert E. Drew and Gary H. Thorgaard
School of Biological Sciences, Washington State University, Pullman, WA 99164-4236, USA

Sequence analysis of the mitochondrial control region (D-loop) is often used to determine differences in population
genetic structure. We analyzed genetic population structure of North American Chinook salmon (Oncorhynchus
tshawytscha) by examining single nucleotide polymorphisms (SNPs) throughout 414bp of the 3" end of the
mitochondrial DNA variable region (D-loop), the 68bp phenylalanine tRNA region and 81bp of the 5" end of the 12s
ribosomal region. Sixteen unique haplotypes were detected among 230 individuals from 10 populations. Analysis
of haplotype distribution and diversity among north (Alaska), central (B.C. to Oregon) and south (California) regions
revealed: 1) A cline of decreasing average haplotype diversity from south to north; 2) Four highly prominent haplo-
types in the central region, of which two are shared exclusively with the north, and two exclusively with the south;
and 3) The northern and southern regions share no common haplotypes. Genetic studies of both rainbow trout

(O. mykiss) and coho salmon (O. kisutch) suggested the existence of ice free refugia in both northern and southern
regions during the Pleistocene glaciations. The cline in haplotype diversity, independence of northern and southern
haplotypes, and the existence of both northern and southern haplotypes in the central region found in this study
also supports the multiple refuge hypothesis for O. tshawytscha.

Examining the Differences Between Coastal and Offshore
Populations of Bottlenose Dolphins (Tursiops truncatus) in
the Gulf of Mexico Using Both Nuclear and Mitochondrial
DNA Information

Nicole L. Vollmer' and Patricia E. Rosel?
1) University of Louisiana at Lafayette, Lafayette, LA; 2) NOAA Fisheries Service/SEFSC, Lafayette, LA

The Marine Mammal Protection Act was established by the United States Government to protect, restore and
sustain marine mammal populations within U.S. waters. To successfully manage and maintain bottlenose dolphins
(Tursiops truncatus) in the Gulf of Mexico, it is imperative to gain an understanding of the degree of genetic
differentiation existing between populations, especially when human impacts are not evenly distributed across all
areas. In the Gulf, morphological and geographical variations are not obvious, therefore, in order to identify discrete
populations or manageable stocks of bottlenose dolphins, genetic differences must be examined. In this study, skin
samples from bottlenose dolphins were collected between 1994 and 2006 from both coastal and offshore areas.
Over 700 samples have been received and will be analyzed for this research. Evidence for population structure

will be investigated using mitochondrial DNA control region sequence data and 19 nuclear microsatellite loci. Also
for this study, single nucleotide polymorphisms (SNPs) will be developed and utilized. Currently over 300 samples
have been sexed and sequenced and 39 mtDNA haplotypes have been identified, including 24 offshore

(Continued on next page)
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haplotypes and 15 coastal haplotypes. SNP analysis has only very recently begun for this study. A genome-wide
set of primers, previously designed from homologous mouse-human nuclear sequences, is being used to amplify
random genomic DNA sequences (450-1200bp long) from dolphin samples. These fragments will then be screened
for SNPs. It is estimated that SNPs will be found every 200-500bp. Genetic variation between microsatellites and
SNPs will be compared, as well as any variation between nuclear and mitochondrial DNA, to assess significant
differences in species and population structure between coastal and offshore dolphins. This study will provide one
of the first demonstrations of SNP discovery in marine mammals and their implication for population management
for dolphins in the Gulf of Mexico.

58 SNPWORKSHOP Il 2006 SNP WORKSHOP Il 2006 59




Selected References

Aitken, N., Smith, S., Schwarz, C. and Morin, PA. (2004) Single Nucleotide Polymorphism (SNP) Discovery in Mammals:
a Targeted-Gene Approach. Molecular Ecology 13, 1423-1431.

Akey, J.M., Zhang, K., Xiong, M.M. and Jin, L. (2003) The Effect of Single Nucleotide Polymorphism Identification Strategies on
ESTimates of Linkage Disequilibrium. Molecular Biology and Evolution 20, 232-242.

Anderson, E.C. and Garza, J.C. (2006) The Power of Single-Nucleotide Polymorphisms for Large-Scale Parentage Inference.
Genetics 172, 2567-2582.

Anderson, TJ.C., Nair, S., Sudimack, D., Williams, J.T., Mayxay, M., Newton, PN., Guthmann, J.P, Smithuis, EM., Hien, T.T., Van
Den Broek, I.V.F, White, N.J. and Nosten, F. (2005) Geographical Distribution of Selected and Putatively Neutral SNPs
in Southeast Asian Malaria Parasites. Molecular Biology and Evolution 22, 2362-2374.

Baum, J., Thomas, A.W. and Conway, D.J. (2003) Evidence for Diversifying Selection on Erythrocyte-Binding Antigens of
Plasmodium Falciparum and P-Vivax. Genetics 163, 1327-1336.

Ben-Ari, G., Zenvirth, D., Sherman, A., Simchen, G., Lavi, U. and Hillel, J. (2005) Application of SNPs for Assessing Biodiversity
and Phylogeny Among Yeast Strains. Heredity 95, 493-501.

Brumfield, R.T,, Beerli, P, Nickerson, D.A. and Edwards, S.V. (2003) The Utility of Single Nucleotide Polymorphisms in Inferences
of Population History. Trends in Ecology & Evolution 18, 249-256.

Bulmer, M.S. and Crozier, R.H. (2004) Duplication and Diversifying Selection Among Termite Antifungal Peptides. Molecular
Biology and Evolution 21, 2256-2264.

Bustamante, C.D., Fledel-Alon, A., Williamson, S., Nielsen, R., Hubisz, M.T., Glanowski, S., Tanenbaum, D.M., White, T.J.,
Sninsky, J.J., Hernandez, R.D., Civello, D., Adams, M.D., Cargill, M. and Clark, A.G. (2005) Natural Selection on
Protein-Coding Genes in the Human Genome. Nature 437, 1153-1157.

Cordeiro, G.M., Eliott, F, Mcintyre, C.L., Casu, R.E. and Henry, R.J. (2006) Characterisation of Single Nucleotide Polymorphisms
in Sugarcane ESTs. Theoretical and Applied Genetics 113, 331-343.

Elfstrom, C.M., Gaffney, PM., Smith, C.T. and Seeb, J.E. (2005) Characterization of 12 Single Nucleotide Polymorphisms in
Weathervane Scallop. Molecular Ecology Notes 5, 406-409.

Elfstrom, C.M., Smith, C.T. and Seeb, J.E. (2006) Thirty-two single nucleotide polymorphism markers for high-throughput
genotyping of sockeye salmon. Molecular Ecology Notes 6, (in press).

Fan, J.B., Chee, M.S. and Gunderson, K.L. (2006) Highly Parallel Genomic Assays. Nature Reviews Genetics 7, 632-644.

Gaafar, R.M., Hohmann, U. and Jung, C. (2005) Bacterial Artificial Chromosome-Derived Molecular Markers for Early Bolting in
Sugar Beet. Theoretical and Applied Genetics 110, 1027-1037.

Gilchrist, E.J., Haughn, G.W., Ying, C.C., Otto, S.P, Zhuang, J., Cheung, D., Hamberger, B., Aboutorabi, F, Kalynyak, T., Johnson,
L., Bohlmann, J., Ellis, B.E., Douglas, C.J. and Cronk, Q.C.B. (2006) Use of Ecotilling as an Efficient SNP Discovery Tool
to Survey Genetic Variation in Wild Populations of Populus Trichocarpa. Molecular Ecology 15, 1367-1378.

Hansson, B. and Kawabe, A. (2005) A Simple Method to Score Single Nucleotide Polymorphisms Based on Allele-Specific Pcr
and PrimerInduced Fragment-Length Variation. Molecular Ecology Notes 5, 692-696.

Hayes, B., Sonesson, A.K. and Gjerde, B. (2005) Evaluation of Three Strategies Using DNA Markers for Traceability in
Aquaculture Species. Aquaculture 250, 70-81.

Jastrebski, C.J. and Robinson, B.W. (2004) Natural Selection and the Evolution of Replicated Trophic Polymorphisms in
Pumpkinseed Sunfish (Lepomis Gibbosus). Evolutionary Ecology Research 6, 285-305.

Jordan, S., Miquel, C., Taberlet, P and Luikart, G. (2006) Sequencing Primers and SNPs for Rapidly Evolving Reproductive Loci in
Endangered Ibex and Their Kin (Bovidae, Capra Spp.). Molecular Ecology Notes 6, 776-779.

Kim, M.Y., Van, K., Lestari, P, Moon, J.K. and Lee, S.H. (2005) SNP Identification and Snap Marker Development for a Gmnark
Gene Controlling Supernodulation in Soybean. Theoretical and Applied Genetics 110, 1003-1010.

60 SNPWORKSHOP II 2006

Labate, J.A. and Baldo, A.M. (2005) Tomato SNP Discovery by EST Mining and Resequencing. Molecular Breeding
16, 343-349.

Landry, C. and Bernatchez, L. (2001) Comparative Analysis of Population Structure Across Environments and Geographical
Scales at Major Histocompatibility Complex and Microsatellite Loci in Atlantic Salmon (Salmo Salar). Molecular Ecology
10, 2525-2539.

Li, X.L., Wu, Z.L., Liu, Z.Z., Gong, Y.F, Zhou, R.Y. and Zheng, G.R. (2006) SNP Identification and Analysis in Part of Intron 2 of
Goat Mstn Gene and Variation Within and Among Species. Journal of Heredity 97, 285-289.

Mah, S.A., Swanson, W.J. and Vacquier, V.D. (2005) Positive Selection in the Carbohydrate Recognition Domains of Sea Urchin
Sperm Receptor for Egg Jelly (Surej) Proteins (Vol 22, Pg 533, 2005). Molecular Biology and Evolution 22, 1158.

Mauro-Herrera, M., Meerow, A.W., Borrone, J.W., Kuhn, D.N. and Schnell, R.J. (2006) Ten Informative Markers Developed From
Wrky Sequences in Coconut (Cocos Nucifera). Molecular Ecology Notes 6, 904-906.

Morin, PA., Luikart, G. and Wayne, R.K. (2004) SNPs in Ecology, Evolution and Conservation. Trends in Ecology & Evolution
19, 208-216.

Nie, Q.H., Lei, M.M., Ouyang, J.H., Zeng, H., Yang, G.F and Zhang, X.Q. (2005) Identification and Characterization of Single
Nucleotide Polymorphisms in 12 Chicken Growth-Correlated Genes by Denaturing High Performance Liquid
Chromatography. Genetics Selection Evolution 37, 339-360.

Nielsen, R., Bustamante, C., Clark, A.G., Glanowski, S., Sackton, T.B., Hubisz, M.J., Fledel-Alon, A., Tanenbaum, D.M., Civello, D.,
White, TJ., Sninsky, J.J., Adams, M.D. and Cargill, M. (2005) A Scan for Positively Selected Genes in the Genomes of
Humans and Chimpanzees. Plos Biology 3, 976-985.

Pogson, G.H. and Fevolden, S.E. (2003) Natural Selection and the Genetic Differentiation of Coastal and Arctic Populations of
the Atlantic Cod in Northern Norway: a TEST Involving Nucleotide Sequence Variation at the Pantophysin (Pani) Locus.
Molecular Ecology 12, 63-74.

Ponsuksili, S., Chomdej, S., Murani, E., Blaser, U., Schreinemachers, H.J., Schellander, K. and Wimmers, K. (2005) SNP
Detection and Genetic Mapping of Porcine Genes Encoding Enzymes in Hepatic Metabolic Pathways and Evaluation of
Linkage With Carcass Traits. Animal Genetics 36, 477-483.

Primmer, C.R., Borge, T, Lindell, J. and Saetre, G.P. (2002) Single-Nucleotide Polymorphism Characterization in Species With
Limited Available Sequence Information: High Nucleotide Diversity Revealed in the Avian Genome. Molecular Ecology
11, 603-612.

Rengmark, A.H., Slettan, A., Skaala, O., Lie, O. and Lingaas, F. (2006) Genetic Variability in Wild and Farmed Atlantic Salmon
(Salmo Salar) Strains ESTimated by SNP and Microsatellites. Aquaculture 253, 229-237.

Ryman, N., Palm, S., Andre, C., Carvalho, G.R., Dahlgren, T.G., Jorde, PE., Laikre, L., Larsson, L.C., Palme, A. and Ruzzante, D.E.
(2006) Power for Detecting Genetic Divergence: Differences Between Statistical Methods and Marker Loci.
Molecular Ecology 15, 2031-2045.

Ryynanen, H.J. and Primmer, C.R. (2004) Primers for Sequence Characterization and Polymorphism Detection in the Atlantic
Salmon (Salmo Salar) Growth Hormone 1 (Gh1) Gene. Molecular Ecology Notes 4, 664-667.

Schlotterer, C. (2004) The Evolution of Molecular Markers - Just a Matter of Fashion? Nature Reviews Genetics 5, 63-69.

Schlotterer, C. and Harr, B. (2002) Single Nucleotide Polymorphisms Derived From AncESTral Populations Show No Evidence for
Biased Diversity ESTimates in Drosophila Melanogaster. Molecular Ecology 11, 947-950.

Seddon, J.M., Parker, H.G., Ostrander, E.A. and Ellegren, H. (2005) SNPs in Ecological and Conservation Studies: a TEST in the
Scandinavian Wolf Population. Molecular Ecology 14, 503-511.

Shamay, A., Fang, J., Pollak, N., Cohen, A., Yonash, N. and Lavi, U. (2006) Discovery of C-SNPs in Anemone Coronaria L. and
Assessment of Genetic Variation. Genetic Resources and Crop Evolution 53, 821-829.

Smith, C.T, Baker, J., Park, L., Seeb, L.W., Elfstrom, C., Abe, S. and Seeb, J.E. (2005) Characterization of 13 Single Nucleotide
Polymorphism Markers for Chum Salmon. Molecular Ecology Notes 5, 259-262.

Smith, C.T, Elfstrom, C.M., Seeb, L.W. and Seeb, J.E. (2005) Use of Sequence Data From Rainbow Trout and Atlantic Salmon
for SNP Detection in Pacific Salmon. Molecular Ecology 14, 4193-4203.

SNP WORKSHOP Il 2006 61



Smith, C.T., Grant, W.S. and Seeb, L.W. (2005) A Rapid, High-Throughput Technique for Detecting Tanner Crabs Chionoecetes
Bairdi lllegally Taken in Alaska’s Snow Crab Fishery. Transactions of the American Fisheries Society 134, 620-623.

Smith, C.T.,, Park, L., Vandoornik, D., Seeb, W. and Seeb, E. (2006) Characterization of 19 Single Nucleotide Polymorphism
Markers for Coho Salmon. Molecular Ecology Notes 6, 715-720.

Smith, C.T., Seeb, J.E., Schwenke, P and Seeb, L.W. (2005) Use of the 5 *-Nuclease Reaction for Single Nucleotide
Polymorphism Genotyping in Chinook Salmon. Transactions of the American Fisheries Society 134, 207-217.

Smith, C.T., Templin, W.D., Seeb, J.E. and Seeb, U.W. (2005) Single Nucleotide Polymorphisms Provide Rapid and Accurate
ESTimates of the Proportions of US and Canadian Chinook Salmon Caught in Yukon River Fisheries. North American
Journal of Fisheries Management 25, 944-953.

Smith, S., Aitken, N., Schwarz, C. and Morin, PA. (2004) Characterization of 15 Single Nucleotide Polymorphism Markers for
Chimpanzees (Pan Troglodytes). Molecular Ecology Notes 4, 348-351.

Storz, J.F (2002) Contrasting Patterns of Divergence in Quantitative Traits and Neutral DNA Markers: Analysis of Clinal Variation.
Molecular Ecology 11, 2537-2551.

Storz, J.F. and Dubach, J.M. (2004) Natural Selection Drives Altitudinal Divergence at the Aloumin Locus in Deer Mice, Peromyscus
Maniculatus. Evolution 58, 1342-1352.

Storz, J.F and Nachman, M.W. (2003) Natural Selection on Protein Polymorphism in the Rodent Genus Peromyscus: Evidence
From Interlocus Contrasts. Evolution 57, 2628-2635.

Swanson, W.J., Nielsen, R. and Yang, Q.F (2003) Pervasive Adaptive Evolution in Mammalian Fertilization Proteins. Molecular
Biology and Evolution 20, 18-20.

Swanson, W.J. and Vacquier, V.D. (2002) The Rapid Evolution of Reproductive Proteins. Nature Reviews Genetics 3, 137-144.

Vasemégi, A., Nilsson, J. and Primmer, C.R. (2005) Expressed Sequence Tag-Linked Microsatellites as a Source of Gene-Associated
Polymorphisms for Detecting Signatures of Divergent Selection in Atlantic Salmon (Salmo Salar L.). Molecular Biology
and Evolution 22, 1067-1076.

Vasemagi, A., Nilsson, J. and Primmer, C.R. (2005) Seventy-Five EST-Linked Atlantic Salmon (Salmo Salar L.) Microsatellite
Markers and Their Cross-Amplification in Five Salmonid Species. Molecular Ecology Notes 5, 282-288.

Werner, FA.O., Durstewitz, G., Habermann, EA., Thaller, G., Kramer, W., Kollers, S., Buitkamp, J., Georges, M., Brem, G.,
Mosner, J. and Fries, R. (2004) Detection and Characterization of SNPs Useful for Identity Control and Parentage
TESTing in Major European Dairy Breeds. Animal Genetics 35, 44-49.

Ye, X., Mcleod, S., Elfick, D., Dekkers, J.C.M. and Lamont, S.J. (2006) Rapid Identification of Single Nucleotide Polymorphisms
and ESTimation of Allele Frequencies Using Sequence Traces From DNA Pools.
Poultry Science 85, 1165-1168.

Zhang, J.Z. and Rosenberg, H.F. (2002) Diversifying Selection of the TumorGrowth Promoter Angiogenin in Primate Evolution.
Molecular Biology and Evolution 19, 438-445.

Zimdahl, H., Nyakatura, G., Brandt, P, Schulz, H., Hummel, O., Fartmann, B., Brett, D., Droege, M., Monti, J., Lee, Y.A,, Sun, Y.Y,,
Zhao, S.Y,, Winter, E.E., Ponting, C.R, Chen, Y., Kasprzyk, A., Birney, E., Ganten, D. and Hubner, N. (2004) A SNP Map
of the Rat Genome Generated From CDNA Sequences. Science 303, 807

62 SNPWORKSHOP Il 2006

SNP Workshop |l Attendees

ORGANIZATION STATE | COUNTRY

Antonovich | Anton ADF&G/Genetics AK USA anton_antonovich@fishgame.state.ak.us
Barclay Andy ADF&G/Genetics AK USA andy_barclay@fishgame.state.ak.us
Belfiore Natalia University of California | CA USA nmb@berkeley.edu
Bellinger Renee Oregon State OR USA renee.bellinger@oregonstate.edu
University
Berger Judy ADF&G/Genetics AK USA judy_berger@fishgame.state.ak.us
Carlsson Jens Virginia Institute of VA USA jc@vims.edu
Marine Science
Clipperton Neil UC Davis CA USA nwclipperton@ucdavis.edu
Cogan David Applied Biosystems WA USA CoganDJ@appliedbiosystems.com
Coughlan Jamie University College Cork | Ireland j.coughlan@ucc.ie
Cork
Cristina Dennis Applied Biosystems WA USA cristidl@appliedbiosystems.com
Dahl Geir Institute of Marine Norway geir.dahle@imr.no
Research
DeCovich Nick ADF&G/Genetics AK USA nick_decovich@fishgame.state.ak.us
DeHaan Patrick U.S. Fish and Wildlife | WA USA patrick_dehaan@fws.gov
Service
DeKoning Jenefer WSU @ Vancouver WA USA dekoning@vancouver.wsu.edu
Dodge Tony Applied Biosystems CA USA dodgeth@appliedbiosystems.com
Elfstrom Carita ADF&G/Genetics AK USA carita_elfstrom@fishgame.state.ak.us
Elz Anna NOAA/NWEFSC WA USA anna.elz@noaa.gov
Fevolden Svein-Erik | Norwegian College of Norway svein-erik.fevolden@nfh.uit.no
Fishery Science,
University of Toronto
Garvin Michael University of Alaska AK USA ftmrg@uaf.edu
Fairbanks
Grass Paul Applied Biosystems OR USA grasspe@appliedbiosystems.com
Grauvogel Zac ADF&G/Genetics AK USA zac_grauvogel@fishgame.state.ak.us
Gray Melissa UCLA CA USA mgray9@ucla.edu
Guthrie Chuck NOAA/NMFS/Auke AK USA chuck.guthrie@noaa.gov
Bay Lab
Habicht Chris ADF&G/Genetics AK USA chris_habicht@fishgame.state.ak.us
Hartshorne | Toinette Applied Biosystems CA USA hartshta@appliedbiosystems.com
Hawkins Denise WDFW WA USA hawkidkh@dfw.wa.gov
Heist Ed Southern lllinois IL USA edheist@siu.edu
University at Carbobdale
Hoyt Heather ADF&G/Genetics AK USA heather_hoyt@fishgame.state.ak.us

SNP WORKSHOP Il 2006 63




ORGANIZATION

STATE | COUNTRY

ORGANIZATION

STATE | COUNTRY

Sato Shunpei National Salmon Japan

Resources Center
Schlei Ora USFWS AK USA ora_schlei@fws.gov
Seeb Lisa ADF&G/Genetics AK USA lisa_seeb@fishgame.state.ak.us
Seeb Jim ADF&G AK USA jim_seeb@fishgame.state.ak.us
Simmons Rachel UC Davis CA USA resimmons@ucdavis.edu
Smith Christian | ADF&G/Genetics AK USA christian_smith@fishgame.state.ak.us
Stevens Junko Applied Biosystems CA USA stevenjn@appliedbiosystems.com
Templin Bill ADF&G/Genetics AK USA bill_templin@fishgame.state.ak.us
Warheit Kenneth | WDFW WA USA warhekiw@dfw.wa.gov
Webster Michael Moore Foundation CA USA Michael. Webster@moore.org
White Phoebe Applied Biosystems CA USA phoebe.white@appliedbiosystems.com
Wilson Lisa USFWS - Abernathy WA USA lisa.wilson@usfws.gov
Woolf Jennifer University of Montana | MT USA jennifer.woolf@umontana.edu
Worthington | Gajus Fluidigm Corporation CA USA gajus.worthington@fluidigm.com
Young Sewall WDFW WA USA youngsfy@dfw.wa.gov
Zelenina Daria Russian Federal Russia zel67@rfi.ru

Institute of Fisheries

and Oceanography

Humphrey | Mariela Applied Biosystems WA USA humphrmc@appliedbiosystems.com
Johansen Torild Institute of Marine Norway torild.johansen@imr.no
Research
Kalinowski | Steven Montana State MT skalinowski@montana.edu
University
Knutsen Halvor IMR Norway Aust- | Norway halvor.knutsen@imr.no
Agder
Kretschmer | Eric USFWS AK USA eric_kretschmer@fws.gov
Lardizabal Eric ADF&G/Genetics AK USA eric_lardizabal@fishgame.state.ak.us
Lewis Cara USFWS AK USA cara_lewis@fws.gov
Lloyd Denby Alaska Department of | AK USA denby_lloyd@fishgame.state.ak.us
Fish and Game
Martin Pat Concerned Area M MT USA pcmartin@montana.net
Fisherman (CAMF)
Martin Kyle Washington State WA USA kmartin@mail.wsu.edu
University
McGinnity | Phil Marine Institute Co. Ireland phil.mcginnity@marine.ie
Mayo
Moran Paul NW Fisheries Science | WA USA paul.moran@noaa.gov
Center
Morin Phillip SWEFSC CA USA Phillip.Morin@noaa.gov
Mortenson | Dana Applied Biosystems CA USA dana.mortenson@appliedbiosystems.
com
Narum Shawn Columbia River ID USA nars@critfc.org
InterTribal Fish
Commission
Nelson Patti Alaska Department of | AK USA patti_nelson@fishgame.state.ak.us
Fish and Game
Paquin Melanie NOAA/NWEFSC WA USA melanie.paquin@noaa.gov
Park Linda Northwest Fisheries WA USA linda.park@noaa.gov
Science Center
Patrick Sean Applied Biosystems CA USA sean.patrick@appliedbiosystems.com
Phillips Ruth WSU @ Vancouver WA USA phllipsr@vancouver.wsu.edu
Pronzati Katia ADF&G/Genetics AK USA katia_pronzati@fishgame.state.ak.us
Raap Monique | Genetics BC Canada raapm@pac.dfo-mpo.gc.ca
Rhydderch | James University of WA USA jgr@u.washington.edu
Washington
Roden Suzanne | NOAA-NMFS CA USA suzanne.roden@noaa.gov
Sandone Gene ADF&G/CF AYK AK USA gene_sandone@fishgame.state.ak.us
64 SNPWORKSHOP Il 2006

SNP WORKSHOP Il 2006

65




