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POINT OF VIEW



Sleepless nights: When you can’t find anything to use but molecules to describe new taxa Erin A. Tripp1 & James C. Lendemer2 1 Museum of Natural History and Department of Ecology & Evolutionary Biology, N122 Ramaley Hall, University of Colorado, Boulder, Colorado 80309-0350, U.S.A. 2 Institute of Systematic Botany, The New York Botanical Garden, Bronx, New York 10458-5126, U.S.A. Authors for correspondence: Erin A. Tripp, [email protected]; James C. Lendemer, [email protected] DOI  http://dx.doi.org/10.12705/635.1 Abstract  A set of guidelines is proposed as a standard for authors who describe new taxa and affect other taxonomic revisions based solely on molecular characters. Keywords  characters; code; delimitation; descriptions; diagnosis; guidelines; morphological; molecular; new species; nomenclature; recommendations; taxonomy; traits



INTRODUCTION Since the dawn of the molecular revolution, studies have increasingly used DNA sequence data for myriad applications including systematics and taxonomy, population genetics, and numerous other areas of ecology and evolutionary biology (Tripp & Hoagland, 2013). The vast majority of studies in systematic biology that have used DNA sequence data have done so in combination with data from other sources (e.g., morphology, anatomy, ecology, biochemistry, behavior) as a means of answering research questions via reciprocal illumination (Hennig, 1966). Among the types of data used by botanists and mycologists to date, morphology, anatomy, and to a lesser degree chemistry, have been paramount to taxonomic innovations such as the description of new species. Only recently have researchers begun to compose descriptions and diagnoses of new taxa based solely on molecular features. For example, Filipowicz & al. (2012) diagnosed the South American species Brunfelsia plowmaniana Filipowicz & M.Nee using data from the ndhF region; Leavitt & al. (2013) described new species in the lichen genus Rhizoplaca Zoph using characters derived from the nuclear internal transcribed spacer (ITS); and Shaw & al. (2010) re-circumscribed the bryophyte family Ambuchananiaceae Seppelt & H.A.Crum using data from rps4. While reviewing this literature, it became clear to us that the International Code of Nomenclature (ICN, McNeill & al., 2012) lacks adequate language regarding how new taxa based only on molecular characters should be validly described or diagnosed. We recognized this as a problem in Tripp & Lendemer (2012) in which we called into question the effective diagnosis and description of two fungal names introduced for taxa defined solely by molecular characters.



Although there exists a growing body of literature pertaining to the description of poorly differentiated taxa (referred to by many as “cryptic species”), we are at present unaware of any publication relevant to taxa covered by the ICN to recommend a comprehensive set of standard best practices for innovations based only on molecular data (but see excellent discussions in Fujita & al., 2012 and Jörger & Schrödl, 2013). As such, we developed the guidelines presented below. Our intention is that these guidelines serve as a starting point, recognizing that future authors may offer useful additions to or modifications of this list. Finally, we hope that these guidelines serve to motivate much needed discussions on potential additions to the Code regarding this topic at future International Botanical Congresses.



PROPOSED GUIDELINES (1)  The diagnoses and descriptions of taxa based solely on molecular characters should be undertaken only as a last resort, i.e., after detailed study has shown that non-molecular characters are unavailable or uninformative. (2)  The diagnoses and descriptions of taxa based solely on molecular characters should: (a) include characters from multiple, preferably unlinked, loci; (b) include divergence calculation/s (based on one or more optimality criteria) from the closest known relative/s; and (c) still include a standard (e.g., morphological) description appropriate to the taxonomic group (in addition to a required molecular description). (3)  Unique SNPs (single nucleotide polymorphisms), indels, or other categories of phylogenetically informative mutations should be specified in the diagnosis or description and: (a) preferably not be included within ambiguously aligned
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regions; (b) be included in a differential diagnosis explaining in very specific terms how the new taxon differs from the closest known relative/s; (c) be indicated by reference to specific base positions in the nucleotide alignment used in circumscribing the new entity; (d) be translated to amino acids (if from coding regions) to ensure sites are not under strong selection and thus less likely to reflect molecular convergence; (e) secondary structure (when applicable) should be examined to determine whether phylogenetically informative mutations reflect compensatory substitutions, which would impact divergence calculations in 2b. (4)  For taxa at the rank of species and below, the type specimen and additional representatives of the newly described entity, together with the type or, at minimum, topotypes of the closest known relative/s, should be included in the molecular sampling used for the study (see 7a and 7b below). (5)  New taxa based solely on molecular characters should: (a) be recovered and strongly supported by multiple support criteria and methods of inference; (b) utilize genome-scale (i.e., multi-locus) data where available, together with appropriate methods of inference such as coalescence; and (c) reach or exceed an appropriate sequence divergence threshold based on available literature (e.g., Begerow & al., 2010 and Nilsson & al., 2008 for certain groups of fungi). (6)  Studies in which new taxa based solely on molecular characters are introduced should: (a) include tests for possible rejection of monophyly of the newly proposed taxon/taxa (e.g., negative or reverse constraint topologies coupled with post hoc heuristic searches for best or most likely trees given the constraint), for individuals who feel monophyly is an important criterion for taxon delimitation; (b) include a taxonomic key based on molecular characters, preferably one in which various parts of the alignment (coding regions, etc.) and regions in which the phylogenetically informative mutations occur are clearly annotated; and (c) be published in the same publication as where the dataset and analyses used to delineate the new taxon/taxa are presented. (7)  Taxon sampling for datasets used in studies that involve the description of new taxa based solely on molecular characters should: (a) include numerous (preferably > 10) sequenced vouchers of any new taxa, or a greater number appropriate to overcome sequencing error rates on the instrumentation used; (b) preferably include at least 15 of the closest relatives of the new taxon/taxa; (c) molecular sampling of the new taxa and their closest relatives should parallel or exceed the level of sampling undertaken by researchers when describing new taxa based on non-molecular characters; and (d) sampling within the new taxon and as well as within outgroups (the closest relatives of the new taxon) should be broad enough to encompass the phylogenetic, geographical, and ecological diversity within each taxon; natural variation present within a given taxon must be accounted for in the molecular diagnosis or description. (8)  Prior to the date of effective publication, for any study in which new taxa based solely on molecular characters are introduced, the following materials should be placed in a public data repository where they are available for immediate use to anyone free of charge (i.e., materials should be open access): 970



(a) unedited, raw sequence reads (i.e., chromatograms with original base calls and ambiguities); (b) edited sequences; and (c) all alignments used in the study, including matrices with ambiguously aligned regions that were excluded from subsequent analysis. (9)  Aliquots of DNA extractions produced from vouchers of the new taxon as well as those of other relatives used in the study should be deposited in a permanent DNA repository such as those available at K, NY, or US (or other suitable facilities). The repository, as well as any unique identifiers associated with the data, should be clearly indicated in the manuscript text. (10)  The typification, effective diagnosis or description, and valid publication of the names of taxa (including those of hybrid origin) based solely on molecular characters must follow all Articles and Appendices included in the appropriate nomenclatural code (i.e., the names of algae, plants and fungi must comply with the International Code of Nomenclature).
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