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Introduction:  Jan Witkowski

SESSION I:  DNA Species Identification: Conceptual Foundations

Hanken – Morning session to set the context. First meeting was more wide-ranging. This one more narrowly focused to follow on with the consensus ideas from the previous one. If a barcode initiative is to succeed, it must involve the systematics community and museum resources

Baker – List of questions to consider throughout the meeting.

Zinder – has tracked down a company that produces a hand-held PCR machine. Has not seen one yet, but the web page looks promising.

Venter: Environmental shotgun sequencing

· Whole genome sequences are the ultimate bar code

· 1st genome sequence (E. coli) took 12 years to do – finished in 1995
· Now have many, many more done

· Took six months to do 27 million reads to do the mouse genome. Today would take 2 hours to do E. coli.

· 97% of mouse genes are the same as human genes

· Average sequence difference between mouse and chimpanzee is 1.27% - human and chimp X chromosomes are 0.9% different

· Therefore, just taking a small portion of the genome is unlikely to show differences

· IBEA now applying these tools to uncultured microbial species in environmental samples – are using the Saragasso Sea as a test bed, because it was expected to be a low-diversity site, based on previous studies

· Each ml of seawater will have about a million bacteria in it and 10 million viruses

· About 89% of the bacterial genomes cannot be assigned to a genus

· Have discovered about 880,000 new genes

· Can do whole microbe genome bar coding in about 10 seconds

· TIGR could do more than 100,000 single-gene sequences in a day

· But he questions the value of single-gene sequencing, when could do whole genomes

Stoeckle – if the goal is just to identify species, why do a larger portion of the genome?

Venter – in the environmental samples, they cannot do IDs from a single gene – molecules that they thought were going to sort out species have not proven to be enough in many bacterial and archaeal systems – TIGR is already at the penny a species level for doing bar codes – would much prefer to have a digest sample of a genome rather than a single gene sequence

Moritz – are there other new technologies that would allow multi-gene scans to be done in a museum setting?

Venter – yes – of an 80 cent per sequence read, 1/3 is the amortization cost of the machine, and another 1/3 is the cost of plastics – within 5 to 10 years, expect to be able to sequence a mammalian genome in seconds at $1000 per species – prefer to have enough material to do a whole sequence, rather than wasting time and effort on a single molecule
De Salle – but in many museum specimens, do not have enough good DNA to do a full genome, because the DNA is degraded

Venter – NCBI is starting a new environmental sequences database – feels that he has 400 to 2000 species in his environmental samples from the Sargasso Sea – but when doubled the sample size, got a whole bunch of new species

Hanken – what is the difference in cost between doing one gene or several

Venter – if do a random shotgun library, do that once for each species, and then can use this for lots of things – if include PCR amplification of a mammal, the cost goes up from 80 cents to $1.05

Hanken – cost of facilities? Effect of economy of scale at TIGR is obvious – if do bar coding, should do it in a few centers or at several distributed sites?

Venter – will only do their preps themselves, as they don’t trust others – what they can do for 80 cents would cost $4 or $5 at other labs – distributed centers are the least efficient, most difficult option – need to have very stringent protocols, or set up one place to do the prep of DNA, building the libraries, etc.
Janzen – preparing a library quickly against which to compare sequences quickly is needed – how long will it take to get 100,000 insect legs prepared?

Venter – don’t know how efficient it will be to extract the DNA from insect legs – did all the forensic sequencing from the World Trade Center, where they could use the same primers over and over again – using the same primers makes the cost lower – could take 2 weeks to get all 100,000 insect legs sequenced, at a cost of about $1 per sample

Janzen – how should we plan to collect the insect legs and other museum specimens to move forward?

Venter – most precious quantity is the sample and the DNA, so should preserve that DNA and get the maximum benefit from it – this is 5X more valuable than just having an output from a single gene – nanograms of tissue would be enough

S. Edwards – how big a database would be needed to match sequences to particular species?

Venter – good question – but need to have highly accurate data, not just 95% accuracy

[Edwards – don’t forget the libraries that are being prepared as part of the Evo-Devo project at NSF – bring this up later]

De Salle – Recap of Banbury I

· Species: biology’s fundamental particles

· Ancestral polymorphisms will be a problem

· Need an understanding of species boundaries

· But could not agree on a single species definition

· Probing life’s diversity with DNA

· Will have problems with microorganisms

· Distance measurements from bar coding may be possible

· The analytical engines

· A phylogenetic approach is essential

· Population approach should not be ignored

· Diagnostics, diagnostics, diagnostics

· Collections of life

· Databases are the central issue

· But what about morphology? Is too much DNA-oriented

· Janzen wanted a tri-corder

· Large-scale biology

· Yes is possible to do all the sequencing quickly

· Do not be afraid of big science

· Fights in sessions

· How construct barcodes

· Distances vs. diagnostics

· Population analysis vs. typology

· How many genes and which? 1, 2, 10? Whole mtDNA?

· My database is betters than yours

· Future of systematics and taxonomy

· Barcodes vs. tree of life

· Are they sufficiently different to warrant separate treatment

· How will all this work in practice?

· What infrastructure is needed

· What changes or innovations in database management, sequencing and overall project management are needed

· Is this good science?

· Are these simply unique identifiers to use in keys

· What is the scientific merit of the endeavour

· The taxonomists will hate us

· Do we focus on synergisms or bore straight ahead?

· How do existing collections dovetail with barcoding?

· What about morphology? Fossils?

· Will this fragment the taxonomic community, and fritter away the opportunity provided by today’s impetus for global taxonomy

· Stoeckle and Ausubel summary, plus Stoeckle report in Bioscience

Bucklin – must phylogeny and ID be inextricable?

De Salle – you can create a database that lets you do both – it is the specimens that connect barcoding to the Tree of Life – Hillis was convinced that we need many genes to get it done

Bucklin – the March meeting really got stuck on phylogeny vs. ID – need to be clear why we need to have both

Stoeckle – one of the problems with more genes is the cost – his feeling about the meeting was the consensus is that there should be a single gene

Caccone – agree that the most special resource is the DNA, and that is must be shared – 

Rosenberg – the 250 years of taxonomy in identifying the fundamental units is important, and must not be lost
Moritz – what does “diagnostics, diagnostics, diagnostics” mean?

De Salle – meant to indicate that the amount of permutations in the 600 bp sequence is huge, and need good methods to show the distances that can be calculated from these data.

Hanken – barcoding has already been represented or defined in several different ways – we need to be clear as to what we mean whenever we talk about it – two agreements were that there need to be vouchers for all of the barcode information and that there be databases that link the barcodes to the specimen data

Stoeckle – barcodes would be a tool to enable taxonomy and systematics, not a replacement for it

Hanken – among the promoters of barcoding, they are not interested in either taxonomy or phylogenetics – e.g., to associate life stages in the same species, or to ID pests or invasives

Baker – is the barcoding an interim step to getting full genome sequencing?

Venter – it is clearly a question of cost – don’t have to do the whole genome, but then miss a lot of valuable data – within three years expect to have the cost down to 45 cents per sequence

Stoeckle – part of the idea is a repetitive activity – don’t want to have to do the whole genome to ID a human or chimp

Venter – presumably don’t use genome sequences to ID chimps

Janzen – have 235,000 species of insects he is studying, and needs quick IDs – need to have a quick unique identifier

Venter –there are several companies working on inventing a barcoder machine – but if you want to serve the greatest number of people, then need a better set of information

Hebert – DNA-based species identification: state of the art
· Even though there is only a 1.27% difference in the sequences of chimps and humans, there is a 12% difference in mdDNA

· Summary of the two 2003 papers

· Deep genetic difference in CO1 show great differences between species (usually >3 percent), except for Cnidaria which showed virtually no difference

· But later work on Cnidaria has shown more differences, at should be able to diagnose many of the Cnidarian species

· Interspecific differences average 11.2% for congeneric pairs, intraspecific usually <2%

· Have spent last 6 months collecting lots of data

· Are able to do 50 samples in three days

· 1 day to extract DNA and PCR

· next day check gel, do sequencing run

· last day check electropherograms, thanb data enry and analysis

· Costs about $10 per sample

· Are making protocol advances in DNA extraction, phylum-specific primers, and automated data entry and analysis system, but is still immense room for improvements

· Are now doing sensitivity analysis on large phyla

· Are looking at rates of evolution, from Ephemeroptera (slow) to Hymenoptera (10X faster)

· Birds have low species differences, compared to other vertebrates [but don’t seem to have much data on fishes]

· Examples:

· Bees of Nova Scotia – 
· have been able to pick up mis-identifications

· no overlap between intraspecific and interspecific sequences

· Ephemeroptera

· Again, virtually no overlap between inter- and intraspecific differences

· Chelicerates – non-overlapping distributions

· Birds of Canada – most birds show very low intraspsecific differences, but one shows deep divergence (2 subspecies of the solitary sandpiper, and may really be sibling species – no differences in interspecific sequences in herring gulls, where are not sure if this is a failure of the method or these aren’t really good species

· Leipdopteran diversity

· Only have one species pair that is overlapping in Canadian leps

· Even in widely distributed species, get virtually the same distributions of sequence variation (have two cases of greater divergence, but these are probably undescribed sibling species)

· Working with Janzen and Miller, where bar codes are helping to associate males and females of sexually dimorphic species

· Costa Rican saturniids agree with previous phylogeny

· In Astraptes fulgerator have helped to corroborate new species which Janzen has found feed on different host plants

· Are able to solve relatively shallow divergences

· Feel that CO1 can give 99.999% ID success

· Can probably extend to fungi, but not plants
· Sample sizes can be small (5/species) [problem for species known from a single specimen]

· A team of two can barcode 1000 species/year

· It is feasible to have an ID system within 20 years, but may want to supplement it with other characters for finder resolution

S. Edwards – it is really the effect of population size that is important – the rate of evolution is not important – the method of inheritance is what makes CO1 so important – why did you pick this gene?

Hebert – CO1 is the slowest evolving of the mitochondrial genes – wanted a target gene that would have the smallest primer set – vertebrate primer pairs for all mammals, another one for all insects – but universal primers don’t always work – suggest getting a Lepidopteran primer, etc.

De Salle – how working with museum specimens?

Hebert – when use single dried legs, have no problem going back 20 years – can get 300 bp from specimens from the 70s – will need to devote the effort, however, for type specimens

Venter – is the full cost $100 per species?

Hebert – yes, about that – but could robotize some of it, and the technicians also do the databasing

Venter – this is more comparable to the forensic WTC work, than to whole-genome sequencing

Rosenberg – have any guidelines for how to get better data from museum specimens to be collected in the future?

Hebert – low-temperature samples would be best – but if we want to deal with legacy information (e.g., type specimens) we don’t have that luxury

Moritz – his central concern about the single-gene approach is that genes and species trees are not necessarily identical [cf. Nature note on Lake Victoria species] – mtDNA may identify splits that don’t reflect the nuclear gene phylogeny (overdiagnosis) or, if there is hybridization or horizontal gene transfer, there may be misdiagnosis) – therefore, should add some nuclear genes into the mix to avoid these problems, and provide a check against the errors that might arise from relying on mtDNA alone

Omura – the CO1 might be the standard, and then have extensions when need them

Moritz – this should perhaps not be a problem in insects

Caccone – it will be, in mosquitoes

De Salle – at least there is no underdiagnosis

S. Edwards – what is the real problem with overdiagnosis?

Moritz – it might be a problem for ecologists

S. Edwards – there are so many problems with morphological characters that overdiagnosis should not be a worry

Moritz – if want to understand the processes, then overdiagnosis is a problem
Bucklin – if are careful in way that the challenge is posed, then there should not be a problem – need to show the extensions and problems and make the users aware of them  - Hebert could help clarify what is core barcoding activity that is unassailable, as well as things that are more chancy – should not show the data as a tree, because this will confuse and anger phylogeneticists – instead, talk of CO1 as a new tool and a new standard [!!] – must use skill in working out the consensus needed

Phelan – is there a compromise that can combine CO1 and full-genome sequencing?

Venter – have to make the distinction between gene evolution and species evolution – it is dangerous to pick a single gene and rely completely on it, or to arbitrarily pick a nuclear gene, either

Hebert – the extractions for bar codes are total DNA extractions, and the material is not thrown away, so one can go back to it and do nuclear analyses, too

Hanken – it all comes down to what people are going to use the bar codes for – the intent is not to use the bar codes to define species, but to give information about problem areas that people should look at (flag areas for greater evaluation)

De Salle – Hebert has shown that the approach does not underdiagnose

Lane – agree that this is very important – overdiagnosing makes it much easier to do later analysis, underdiagnosing would be a great step backward

Miller – bar codes are another set of data that males, females and immatures all share

Miller – Are museum collections the appropriate place to begin a large-scale effort?

· Two views of DNA barcoding in museums

· Research tool (primarily internal use)

· Infrastructure and public service (primarily external use)

· Why start in museums?

· Synergy with current research (barcodes as part of process)

· Utilize results of prior research (curated collections)

· Expertise for guidance and taxonomic quality control

· Extensive samples

· Some well identified, some not

· Most of world’s species for many taxa

· Type specimens

· Direct link between name and DNA barcode

· Not needed for some taxa, because we have good modern samples and there are not issues of identification)

· Very useful in others (e.g., tropical insects)

· Validation and proof of concept

· Much of the world’s biodiversity, especially that encountered by people, is available

· Accumulated geographic sampling

· Leverage existing infrastructure

· But that infrastructure is already financially and logistically overextended

· Role of barcodes in (re)describing biodiversity

· For many taxa, digital images plus DNA barcodes, with digital library materials, provide cost-effective and rapid means to characterize both described and new species

· Enabling research that is needed

· Extraction of DNA from archival specimens

· Dried insects

· Formalin fixation

· Bird and mammal skins

· Parallel system to CO1 in plants

· Pilots with ongoing systematics projects

· Synergy with multiple goals

· This is the kind of idea that somebody is going to do – we can get involved in the idea and help to shape it, or not and then suffer the consequences

S. Edwards – what is the alternative?

Omura – will the museums buy into this?

Hanken – there is a fear among some people that this is an effort by the molecular biologists to take over – museums will get nothing out of it – museums will be expected to pay for this, and will get nothing out of it

S. Edwards – one way to get the community to buy in is to have a package for any species (bar code, digital images, etc.) – in databases, why not start totally new

Graham – museums should want to be seen as leaders, because the museums will be the end repository for the specimens

Lane – liked the summary – but need to look at what museum collections are – they are supposed to be a model of the natural world – contain lots of info other than specimens, e.g., sound records, frozen tissues, etc. – those models have to be accurate, so the key element is the DNA sample, which must be preserved – in the last analysis, gets down to a resource management question – must note that there will now be additional pressure put on the same set of people who will have to incorporate and validate the barcode data into the taxonomic system – also we must show that there is a more overt collaboration between various organizations, and the people resources in them – there is a serious danger in overtalking this initiative – don’t try to suggest that it will do everything

Zinder – this program needs an administrative organization – the genome project had the NIH –the museums need to develop a consortium to produce an administrative structure and set up a peer-review committee that will be financially responsible for vetting proposals 

Miller – museums do have a pretty good history of organizing around things when they need to – if want to jump-start this project, do not necessarily need meetings and an administrative structure, but instead a proof of concept

Omura – does it make sense to add barcoding to existing digital efforts and databases
Moritz – museums are not just a bunch of specimens, but are also a lot of information and of people to interpret that information – specimens and environmental data are connected by geocoding – need barcoding (or something similar) to connect genomic and specimen information

Rosenberg – huge bodies of data associated with names, with bibliographic data, have museum specimens, have morphology, have DNA – each of these has initiative going for them, e.g., ECAT, Zoo Record, museum databases, e-types, and barcodes, respectively – now need to intersect them – have immense power to make this the century of biology

Venter – would like to know approximate genome size of each species (e.g., a karyotype analysis) to help work toward genomics of that species

Federhen – which species to sequence first is a narrow question

Moritz – to clarify what types mean is something that should be discussed further – will topotypes work sufficiently?
Miller – in many cases cannot go back to type locality – if there is alternative material available, then don’t use the type, but this is not always the case – if we are going to recommend destructive sampling of types, then must have good, well-characterized methods

Lane – types are “non-science”, but instead are a way to connect a biological concept with a name

Hanken – Australia instituted a project to have scientists to look at type specimens for marsupials, in order to get tissue samples to analyze them later

Bucklin – bar codes can be used to test species concepts, especially the concept of circum-global species

De Salle – do we need to get sequences from type specimens is the real question – this is important to think about

Miller – did not say that we have to sample types, but rather one of the reasons to base this project in a museum is that the types are there
SESSION II:  Implementing a DNA barcoding initiative: strategies, specimens, databases, funding
Stoeckle: Organizational strategies – early action plan vs. museum consortium

· Early action plan (1 yr.)

· Sequence one or more collections

· Scientific interest

· Public interest

· Discover costs

· Advantages

· Identification (GPS analogue)

· Matching known

· Flagging unknowns

· Evolutionary insight

· Museum consortium (3-5 years)

· Establish umbrella organization

· Coordinated sequencing projects

· Link to informatics and database activities

· Secure funding

· Push technology development (cheaper, faster, smaller)

· Central facililty?

· Sequencing

· Data storage

· Plants

· Other possibilities:

· Primates (235 spp.)

· Also sequences of humans and chimpanzees available)

· Turtles (250 spp.)

· Conservation issues

· Mosquitoes (3500 spp.)

· Also, a fully sequenced genome of Anopheles is done

· Birds (10,000 spp.)

· Smithsonian has begun a project, with FAA funding, to identify birds that hit airplanes

· Also, all bird specimens in Canada are digitized, and lots of observational data

· Chicken genome is being done

· Some marine invertebrate group

· Tephritid fruit flies (2000 spp.) (agricultural interest)

· Sphingid moths (2000 spp.)

· Saturniid moths (2400 spp.)

· Might want to pick a group that is being done for the Tree of Life (e.g., amphibian)

· Might alternatively take a regional approach, e.g., Hawaiian arthropods

· Or choose examples that will test the limits of the technology

Graham – need the right incentives – must be strategic – must be easily identifiable – must fit into efforts to digitizing the collections, by picking the right groups, and this can then leverage other efforts – must be a way to bring new resources to the table
Hanken – might want to link to PBI or Tree of Life activities, too

Rosenberg – a lot of the proof of concept will deal with what museums have the specimens that are preserved appropriately to test the idea

Edwards and Caccone: Museum specimens – how many are there, and how are they preserved? Which types are most appropriate for a DNA barcoding effort? Which ones should be avoided?

Edwards – [presentation]

Caccone – 

· Can PCR amplify from museums specimens, but is going to be more time consuming

· Should test reliability of all protocols, especially new formalin-preserved ones

· Should develop new protocols tailored to the large scale effort for barcoding

· Should test parallel collections of frozen and non-frozen material to evaluate froma small group how much more work it is to start from dried or formalin-preserved tissue rather than frozen collections

· Should test if one or multiple fragments are needed to discriminate between different taxa in organisms with different rates and phylogenetic histories

· Should test if we can avoid limiting the analysis to a single individual per taxon, or will this lead us into typological thinking

· Do we need museum specimens? Yes

· Do we need to use types? Not usually, but when necessary, need protocols that will use the smallest possible amount of tissue

· Sequence only one individual per taxon? No, to avoid typological trap

· How much will it cost? Do for all species, or only for places where it is needed.

Bucklin – the problem with formalin-fixed specimens is really the pH of the tissues, not the fact of formalin fixation per se – but this is not generally known, and so it is difficult to get funding to do this 
S. Edwards – need to establish the protocols, but many of the models for automated DNA extraction can be tailored to museum specimens, so we should not think that this is a single-lab pursuit

Bishop – most fishes are fixed in formalin, and there is very little frozen tissues

Moritz – a lot of new species, yet to be discovered, are in the developing world, and it is increasingly difficult to take specimens or DNA out of these countries
DeSalle: Databases: The “collecting event” and bar coding

· Can be represented b a carcass, skeleton, pelt, pinned specimen, tissue, notebook indicators, photo, audio, DNA sequence, etc.

· Collecting event meets the voucher and tries to retain as much information as possible – key element of all this is vouchering

· How collecting events relate to barcoding:

· To document collecting events which have generated genetic sequences

· To archive parts of the collecting event

· To offer a secure environment for specimens that are increasingly invaluable

· What should vouchers be? What aspects of a specimen should be used as a voucher for barcoding?

· When have vouchers for molecular data, need to think about endangered species and other non-traditional voucher materials

· Might have an e-voucher, which is ancillary to a classical voucher specimen or may be the only representative of the specimen in the collection

· Essential reference in a DNA taxonomy scheme would be the DNA sample that is obtained from the type specimen

· Why not establish the practice of archiving “barcode type specimens”, which are frozen tissues or DNA samples

· Collection and curation of extracted DNA samples is technically easy, because DNA is very stable either in a buffered solution, as ethanol precipitate, or freeze dried – is pessimistic about using museum specimens, suggest doing the collection again

· Best way is to store specimens at -150 Celsius (at least, all the tissues and DNA extracted should be kept at this temperature)

· Archiving is to document the collection event’s present, validate its past, and make it available for the future

· Each sample can be archived in a vial, barcoded, and put into a database
· Then must make the collection event available

· In future, want to link to bibliographic citations, geospatial referencing information, and use web services like DiGIR

· AMCC has over 17000 specimen records in the database (which represents a total of over 30,000 vials in the permanent collection and over 10,000 species)

· Are setting up Deep Freeze (proposal to NSF), a national tissue repository research coordinating network, with a multidisciplinary team of experts, a web portal, a registry of collections, look a conceptual schema

· Their collection can absorb up to 2-3 million specimens

Edwards – need to have vouchers (even if they are pictures or sonograms) for all DNA or frozen tissues, to have a separate database (not just rely on GenBank), and a feedback mechanism (Amazon.com analogue) to data in the database as well as to the specimen providers – think about GUIDs, too
Baker – Costs and funding. How much, and who will pay?
· This would be a major effort, at least $50 million

· Pilot projects are in the order of $1-2 million each

· These can probably be handled through regular channels in normal ways

· For larger projects, need to link to greater societal interests

· Therefore, need to think about coordination, publicity, etc.

· Some important elements are:

· Has to be a good idea, and a good plan

· Some small group has to sit down and write a five- to ten-year plan

· The seven Bromley questions have to be answered

· Coordinating group must be motivated enough to be able to go to Washington and elsewhere to lobby for the plan

· Often this requires a Secretariat in Washington, so that can go around and talk to all the relevant players

· Agencies and OMB have to be convinced

· Have to convince appropriate members of Congress, too

· Need to approach foundations, too

· Public education must be included, if possible

· Try to get industry engaged

· Should have international community involved

Janzen – how get INBio involved in this effort? – Costa Rica has gone through the whole cycle that other developing countries are going through now, leading from protectionist legislation to a normalized collecting permit process – one of the things that Costa Rica could bring to the effort is a window into the Latin American tropics, as INBio is seen as a model for other countries’ efforts – Janzen has already given a barcoding seminar at INBio, and the staff there are 100% in favor of participating in it – any additional costs will have to paid from outside the country, since INBio has no tax funding – are about 200,000 species vouchered at INBio – would cost about $6 million to have 10 tubes for each species to send to Hebert
Omura – Moore Foundation is interested in helping to try to preserve as much life as possible for future generations – therefore have started a number of activities related to this – look at their broad goals, and then form initiatives that meet these – for example, have an Andes Amazon initiative to preserve 80% of the Amazon rainforest, with some science components as methods to track animals and people, including wireless technologies – the intent is that the initiatives are more than the sum of their parts – also have a wild salmon initiative for the whole Pacific rim, which includes preserving the rivers and estuaries, getting timber people to protect watersheds, setting aside large protected areas, etc. – also looking at an initiative in biodiversity informatics: how to get people to digitize information and share it – the barcode effort may fit into this latter category – Foundation is two years old, and has about 65 people who work there

Phelan – ALL Species Foundation – barcoding and whole-genome sequencing could fit into their goals – part of the problem ALL had was that the taxonomic community did not support the effort strongly enough, especially with the public and the media – need to speak to how the data will be used for conservation, medicine, etc. – don’t see much change on the stock market horizon that will lead to private funding of large-scale projects – haven’t been clear that the pilots will go beyond simply verifying that CO1 is a valid tool – should include new collecting, with field identification of specimens
Lane – used to work for a Wellcome Trust – reiterate what Ryan said, that is difficult to deal with foundations at the current time – a very focused, clear proof-of-principle project is essential – international syndicates are important, too – much have a clear sense of how to gain new information – would be hard to justify barcoding primates, since would not get new information, whereas nematode project would give it – must have a clear business plan, too, not just arm-waving

S. Edwards – concrete deliverables of barcoding are more tangible that ALL, so may be easier to get funding

Phelan – Venter went away saying that he doesn’t think barcoding would be valuable – is still a big learning curve needed – a pilot that demonstrated throughput would be valuable – if can demonstrate that can get tremendous throughput from museum specimens, then this might be convincing

Lane – needs to be demand-driven and link to societal benefits
Hebert – parasites seem to have expanded rates of mitochondrial evolution, as seems to be an arms race between the hosts and the parasites

Zinder – the issue of the moment is to create a structure – Venter also said you can’t do big science without a big organization – need to find a group that will steer the effort, which is a political and social act, not a scientific one

Lane – when the Wellcome Trust built the Sanger Center, there was a strong sense from the developing world that they wanted to be part of the sequencing effort, and the payoff was to have them involved in picking the strains to be sequenced – they saw the post-genomic era as something that they could do at home, using the free data that are available through the Internet

September 12, 2003 (Day 2)
SESSION III

Criteria for choosing taxa
1. Offers opportunity to test (validate) barcoding concept, i.e., proof of principle

2. Discovery of new (undescribed) species likely, 

3. Research questions—hypothesis-driven—that are likely to yield new and important insights (e.g., phylogeny, systematics, taxonomy)
4. Practical use:  biomedical importance (e.g., disease vectors), agricultural/commercial importance (e.g., pest species)

5. Taxon-specific vs. Biogeographic focus

6. Conservation priority

7. Opportunity to link to large-scale research initiatives, e.g., TOL, PBI, MANiS and other “net’s”

8. Developing new technologies

9. Practicality—is it doable in a short time, motivated community, specimens available and databased, etc.

Suggestions for possible taxa

Primates (235 spp.)
Advantages
· Popular appeal; warm and fuzzy

· High conservation priority

· Human genome sequenced, chimp on the way

· IPPRR database

Disadvantages

· Unlikely to yield (many) new species
Sphingid moths
Advantages

· Existing specimens in tow collections

· Willing expertise

· Global

· BM collection is digitized, owner of private collection is extremely computer literate

· Includes Manduca, so there are good BAC libraries

Disadvantages
· Unlikely to yield (many) new species

Turtles (300 spp.)
Advantages

· Relatively few species

· Good frozen tissues available

· Could compare tissues prepared in different ways (formalin, dried)

· Conservation uses

· Specimen database being developed

· BAC library being developed for one species

Disadvantages

· Unlikely to yield new species

Mosquitoes (3500 spp.)

Advantages

· Human disease vectors
· Representative specimens in two museums (NHML, NMNH)
· Anopheles genome sequenced
· Willing research community
· World taxonomic digital catalogue
· Geographically and ecologically well known
· Species of different ages (including very recent ones)
· Would help with larval ID
· Conservation implications in identifying larvae
· May be additional funding opportunities (e.g., Army, WHO)
Disadvantages
· Low conservation priority

· May be difficult to extract DNA

Tephritid fruit flies (2-3,000 species)
Advantages

· Would generate a lot of new species

· Well known taxonomically

· Of agricultural interest

· Lucid key is available

· Medfly genome available

· Willing research community

· A model system in evolutionary biology

· Larvae difficult to identify

· Computerized species list available

Disadvantages
· may not be large amounts of new materials
Mirid bugs
Advantages

Nematodes

Advantages

· C. elegans model

· Barcoding projects underway

· Disease-related

· Easy case

· Major agricultural pests

· Nematode Tree of Life project

Disadvantages
· Vouchering

· Comprehensive study not possible in short time

Mollusks (freshwater gastropods?)

Advantages
· Existing databases

· Conservation priorities

· Have barcoded about 70% of Australian species

Disadvantages
Gulf of Maine organisms (500 spp. of megafauna, thousands of invertebrates)

Advantages
· Part of existing CoML project

· Doable number of species

· Socio-economically important ecosystem

· All-taxa approach

· Can link larvae and adults

· Tests practical applicability of barcoding concept for identification

Disadvantages
· Probably won’t find many new species, except perhaps for benthos

· May be difficult to be sure of taxonomic identifications
Ausubel – seems that the community and technology are starting to come together – hears three kinds of needs:

1. Organizational – help for the community to come together – key is that the community agrees to agree 

2. Pilot projects – ideas are appealing –depends on the community coming forward with a suite of pilot projects that make a strong case – but there need to be real clients for the projects (e.g., agriculture, EPA) if these clients are part of the funding picture from early on

3. Technology development –community needs to outline what is needed, so that scaling up can occur – this can proceed in parallel with 1 and 2 

Also need to be lead patrons for the effort, so need to win support from the “Medicis”, either from private sources or public agencies – this will have big effect on management structure of the whole enterprise – funder donors are going to want to have mechanism by which their needs and desires are included

Omura –Need to show user groups that will use this technology – start with the focus on the application and then see where the potential markets are that will sustain this after the research is done
Marchioni – the series of meetings have been useful and interesting – would like to track the progress and see the information that flows out –want to stay plugged into the activity

Definition/description of barcoding initiative
What is it? What isn’t it?

1. A short DNA sequence that serves as an aid to species recognition and identification in a particular domain of life
2. Or, a short DNA sequence that serves as a unique identifier for each species

3. Or, a molecular field guide that will allow non-specialists to recognize and identify species in the field

4. Is not a requirement for species definition

5. Will not be the only way for recognizing the species

6. It is hoped (and intended) that knowledge of DNA sequence difference would contribute to the discovery and formal recognition of new species. However, DNA barcodes should not be used as the sole criterion for description of new species, which should employ diverse data from morphology, to behavior, to genetics, etc.

7. Qualified taxonomic authorities are the ones who associate a bar code with a particular species

8. DNA barcoding is intended to complement and enhance—not supplant or invalidate—traditional taxonomic practice.

9. Each sequence will be linked to a voucher accessioned in an institutional repository (e.g., museum collection)

10. Need to assure that the Bar Code effort is harmonized with complementary efforts, such as GBIF, MorphoBank, GenBank, etc.

11. Need to consider infrastructure needed necessary to derive barcodes and the technology to deliver the information and empower people to use it in the field

12. Whenever possible, will use existing collections and materials to derive the barcodes.

Advisory group

· Review proposals
· Make visits to Congress et al.
· Participate in monthly conference call
· Perhaps need heavy hitters and a scientific advisory board
· Need PWAKT (people who actually know things)
Need to co-opt enough of the systematics community that there is not an active opposition

Applications





Potential sponsor(s)
Rapid ID of disease vectors



NIH, WHO, Wellcome Trust, CDC

Malaria




Army, Gates Foundation

West Nile virus

Legislation and enforcement


Game wardens




DOI


Illegal fishing




NOAA


Invasive species



DOI/DOA


Quarantine 




ARS


Larvae in ballast water


NOAA


Importation of illegal species


CITES, Custom

Agriculture/forestry 




DOA

Medflies

Other crop pests
Education system




NSF/DEd.

Water quality,





EPA

Conservation planning



World Bank, conservation groups
Biological surveys




DOI

Forensic science community



FAA, others
Biodiversity prospecting



Merck, DuPont

Development of hand-held devices


Venture capital, engineers

Bioinformatics





IBM, other software companies

International development 



aid agencies, 

Systematic research community


NSF

Other researchers




NSF

Help overcome the digital divide


aid agencies
Need a chronology or narrative (business plan) as to what will happen in the next 5 years
