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Report of Planning Meeting
Hotel de Magny, National Museum of Natural History, Paris
New Approaches to the Analysis, Interpretation and Visualization of DNA Barcode Data

Held under the auspices of the Data Analysis Working Group

Consortium for the Barcode of Life

15 October 2005
Background.  The Consortium for the Barcode of Life (CBOL; www.barcoding.si.edu) is an international initiative supported by the Sloan Foundation and hosted by the Smithsonian Institution.  CBOL’s mission is to explore and promote the development of “DNA barcoding”, a new technique for identifying species that uses a short gene sequence from a standardized position in the genome.  CBOL has created four Working Groups that address technical challenges to DNA barcoding, one of which is devoted to data analysis.  CBOL asked Dr. Michel Veuille, a population geneticist and Chairman of the Department of Systematics and Evolution at the National Museum of Natural History, Paris, to chair the Data Analysis Working Group (DAWG).  CBOL also approached the Center for Discrete Mathematics and Theoretical Computer Science (DIMACS) at Rutgers University to assess its interest in the activities of DAWG.  
Both DIMACS and the Museum subsequently requested support from CBOL for two one-day planning/brainstorming meetings on the analysis of DNA barcode data.  A meeting was held at DIMACS on Monday, 26 September 2005.  This is the report of the second meeting, held in Paris on 15 October 2005.  The meeting was attended by 17 participants (see attached list), including Dr. Jornstien from DIMACS, two representatives of the Canadian Barcode Network, and a CBOL representative.  Other participants were from the population genetics and mathematics communities in Europe.  

Meeting Content.  The meeting was divided into two parts (see attached agenda).  The first part was devoted to presentations by participants that provided background on DNA barcoding, barcode data, their use in taxonomy and systematic biology, and a brief presentation of DNA barcode data available in public databases.  The second part of the meeting was devoted to a roundtable discussion of possible directions that DAWG could take in its efforts to improve the treatment of DNA barcode data.

Meeting Outcomes.  Participants agreed to the following observations:
· The DAWG can contribute to the early phase of the Barcode Initiative, by looking at patterns of barcode data, developing ways of interpreting them, and providing guidance on necessary sample sizes;

· Statisticians and population geneticists have important perspectives on barcode data, which are revealing the major variants within species.  Population genetics can explain why there are variants within species and can provide explanations of species limits), and how coalescent theory can explain certain patterns;

· DNA Barcode data have diverse applications in ecology, conservation, and as a Quality Assurance/Quality Control tool for commercially-sold lineages (e.g., by Carolina Biological);
· Patterns revealed by large sample sizes are easier to recognize and interpret, but the interpretation of smaller amounts of data rely to a greater degree on underlying models and assumptions (e.g., transversions/transitions, behavior of different codon positions, mutation rates).  Most clusters of specimens based on barcode data have been clear-cut so far, so they have not been reliant on underlying genetic models.  As more complex and subtle patters are found, underlying models and assumptions will become more important;
· CBOL is developing data standards and standard protocols for obtaining barcode sequences for use by barcoding projects.  It will also be necessary to have a standard set of validated analytical tools and protocols.  Without these tools and protocols, barcoding projects will use off-the-shelf methods or will develop home-grown solutions, both of which will lead to unsupportable data interpretations;
· DAWG’s mission should be to develop software tools and protocols for sampling, analysis, interpretation and display of barcode data.  These protocols must:

· be appropriate to the research questions at hand, 

· be standardized and calibrated by confidence measures, 

· be informed by underlying models, preliminary data and the existing taxonomic framework of the species being analyzed (i.e., the species boundaries based on diverse datasets, not just barcode data);

· Ideally, developing analytical tools and protocols will involve collaborative teams of taxonomists, statisticians, mathematicians, computer scientists, population geneticists.  In reality, teams may form a plan of work and then do the work separately, with communication among the participants;
· Many barcoders will be non-taxonomists (e.g., ecologists, conservation biologists).  They will need advice on the analytical tools, protocols and workflow they should use (e.g., sampling, resampling, data analysis, interpretation and display);
· Taxonomists will also be using barcode data to inform, improve and communicate their taxonomic decisions.  Standardizing and validating analytical protocols would be helpful to taxonomists;

· Analytical protocols should include the construction of estimates of statistical robustness based on sample size and preliminary data.  Simulations can be used to test the robustness of different protocols by trying to recover original patterns with limited samples sizes;
· It would be useful to organize and hold a session on DNA barcoding at a Systematic Sociey/Evolution meeting, to introduce the basics of barcoding, a variety of case studies, perhaps presentations on data analysis like Rasmus Nielsen’s, and then engage the participants in open discussion.  Evolution Society meetings have theoretician/mathematics sessions and interdisciplinary meetings.  A session on barcode data analysis could fit well in such meetings; and

· Population genetics will play an important role in developing protocols of analyzing and interpreting barcode data by:

· Examining how knowledge of mtDNA behavior reflects speciation, 
· Providing background knowledge of population structure and dynamics; 
· Comparing underlying models and testing the sensitivity of data to models; 
· Interpreting patterns in light of the coalescent model, and 
· Providing guidance for groups without clear species concepts.
Participants discussed how the DAWG should structure and implement its program of work.  Statisticians and computer scientists at the DIMACS planning meeting supported algorithm/software development competitions.  Some participants in the Paris meeting resisted the idea of sponsoring competitions because they might stunt cooperation.  Participants agreed that it would be useful to post datasets and to promote comparisons of different approaches and their impact of underlying model assumptions.  DIMACS plans to hold a third planning meeting to explore a possible work program and to help researchers formulate their research plans.  
The CBOL Executive Committee has targeted Feb 2007 for the next international barcode conference, probably in SE Asia, possibly Singapore or Bangkok.  DAWG should definitely plan to hold a session at that conference to present protocol for:

· Sampling schemes,

· Data analysis,

· Data interpretation, and

· Data display/visualization

Participants agreed that DAWG will need Steering Committee for its program of work.  M. Veuille, R. Jornstein and B. Golding agreed to serve on a Steering Committee, and to recruit one or two other members.  Participants noted that the DAWG has had no stable membership, and that participants have changed with each meeting.  Despite this lack of a clear “core DAWG membership,” M Veuille found, through an email survey of participants in the London meeting, that several people are working on methods development.  
Participants agreed to use the NBII Portal for communication, plus conference calls and video conferences to avoid extra meetings, cost, travel

Participants agreed on the following objectives for the DAWG Program of Work: 

· Provide the barcoding community with tools and protocols for sampling, data processing and analysis, interpretation and display of barcode data.  
· Promote the development of software tools and user’s guides;

· Produce a web portal with analytical software, protocols, user’s guides to analyzing barcode data;  
· Address user concerns such as:
· How many specimens do I need to barcode?  For different types of species and populations (endemic, global, with and without gene flow, very large pop size, etc.), how do I know when I have sampled enough specimens per species?

· What confidence should I have in the taxonomic assignments I’m making?  In the clusters I’m finding with barcode data?

· What are the different types of clustering and classification routines I should use?  When should I use them?

· In what form should I be using barcode data (overall sequence similarity, or discrete sites, or sets of sites) and when should I use each different type?

· How can I display barcode data to show intragroup coherence and intergroup separation, including confidence measures?

· How much could gene flow, populations size, different mutation rates, and other population genetics parameters affect my data analysis and interpretations?

· What signals should I look for to decide whether or not to believe the conclusions I’m reaching with barcode data?
Participants agree to the following Program of Work timeline:  

· Late October – circulate meeting notes, preliminary program of work based on earlier versions, finalize membership of Steering Committee

· Early November – finalize Program of Work

· 15 November – submit Program of Work to CBOL Secretariat
· December to April (?) 2006 – communication via NBII Portal to begin Program of Work, probably involving small teams or individuals.  
· May? 2006 WOrkshop to present results to date, provide feedback to other DAWG members, revise project plans

· September 2006 – Call for proposals for sessions at February 2007 barcode conference

· October (?) 2006 – Call for conference abstracts

· [Possible: October-November 2007 – final DAWG or Steering Committee meeting to finalize plans for February conference]

· February 2007 – present analytical protocol and data analysis software and Web portal at the Second International Barcode Conference; get feedback from conference participants; plan for publication of conference papers in high-profile journal

· Remainder of 2007 – groups and individuals complete protocol, website for barcode data analysis; give presentations at specialized meetings in their respective fields.
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Saturday, 15 October 2005
9:30 : Coffee
10:00 : The barcode of Life, by David Schindel (CBOL, Smithsonian)
10:30 : Barcode data analysis and population genetics, by Michel Veuille (MNHN Paris)
11:00 : Break
11:30 : Barcoding from a Museum Case’s perspective, by Rob De Salle (AMNH New York)
12:00 : Data analysis, by Rebecka Jornstein (Rutgers)
12:30 : Discussion
13:00 : Lunch
14:00 : Report : the DIMACS meeting 
14:30 : First discussion
15:30 : Break
16:00 : Second discussion
17:00 : Conclusions
20:00 : Dinner at restaurant


