The role of morphology in resolving major radiations

Multifocal imaging/Video Capture and Editing (VCE).  NemATOL I implemented novel approaches to link molecular data to morphological vouchers, insuring future verification of correct species identification, even after destruction of the actual specimen for DNA extraction; this is accomplished by through-focus digital images linked with sequence data.  In the present study, live nematodes selected for Solexa will be assigned a unique ID, immobilized (using routine mounting techniques; De Ley et al., 2005)), and multifocal images recorded by VCE. Alternatively, in rare cases where live worms are not available, killed worms for Solexa, shipped for example in RNAlater buffer (http://www.ambion.com/techlib/resources/RNAlater/), will be otherwise vouchered for identification (see below).  Alternatively, nematodes selected for DNA amplifications also will be assigned a unique ID and heat-immobilized or preserved in DESS (Yoder et al., 2006; Tandingan De Ley et al., 2007) for similar video recording prior to DNA extraction and PCR amplification (De Ley et al., 2005). Key diagnostic characters of the specimens will be imaged as described in De Ley & Bert (2002) and updated in Yoder et al. (2006). Most of the collaborating PIs already have appropriate digital cameras for this purpose.  The resulting images are edited, archived in multi-platform video formats, and integrated into the NemATOL website database.  When feasible, digital images will be made for some specimens subsequently preserved as conventional vouchers and deposited in museum collections; yet the digital images have the advantage of preserving data from fresh material and in their capability to be the precise morphological voucher of an individual exactly as it appeared when first observed with light microscopy.  We propose that all material for the project be vouchered, including specimens destructively sampled for molecular data as: 1) through focus videos available online,  2) conventional slide mounted voucher specimens deposited in a recognized curated collection, such as the UC Riverside or UC Davis nematode collections.  Voucher images and/or slide mounted specimens will be linked to all metadata appropriate to a specimen or sample.

Using morphology to inform phylogeny.  Our experience underscores that diverse and often independent datasets are complementary and inform one another toward resolving phylogenies, molecular and morphological character sets being the prominent example.  NemATOL I leveraged clade-specific workshops to discuss and define characters and states to be assessed for phylogenetic utility.  These character sets emphasized traditional aspects of morphology to be collected and verified by individual labs in conjunction with relevant new data on character homologies and polarity from developmental and other evidence.  Morphological characters were primarily evaluated and used for phylogenetic inference by groups of investigators working within clades rather than across the entire phylum.  For some groups (e.g. Rhabditomorpha) there is a more detailed characterization of certain classical morphological characters, and a more advanced understanding of their informativeness for phylogenetic analysis (Fitch Karin references).  However, for some other taxonomic groups and clades, molecular frameworks suggest that many characters traditionally used to define taxa are proving by preliminary tests to be homoplaseous and in some cases uninformative or even misleading for defining phylogenies.  Problems with these morphological characters (which often lack detailed characterization) include misinterpretation, phenotypic plasticity, convergence, non-independence and epigenetic factors as well as the large number of continuous characters that can be difficult to recode (cite Fitch, Subbotin et al. 2006 Subbotin et al. in review
).  Although some of these problems also affect molecular data, resolving them for nematode morphology must take into account that these traditional characters are often at the limits of light microscope resolution (thus leading easily to misinterpretation).  Against this background, in the context of NemATOL I, we have demonstrated the value of employing SEM, TEM (including 3D modeling), and confocal-LM, to discover new (and reinterpret classical)  characters in representatives of major clades including Rhabditomorpha, Cephaolobmorpha, and Tylenchomorpha,  (Baldwin et al., 2004; Bumbarger et al., 2006, 2007, submitted, Fitch, Dolinski and Baldwin, 2003).  These approaches have characterized features that appear homologous and promising for testing specific hypotheses of relationships within Nematol II, including special emphasis on slowly evolving morphological features that may help resolve nodes that have weak support in current molecular trees.

The scope of Nematol II limits the number of taxa that can be evaluated with technically demanding morphological tools; thus to maximize overall phylogenetic insight for the phylum, it is crucial that these representatives be selected to best reflect character states across clades and outgroups; this process is supported in Nematol II as major clades are increasingly resolved.  Based on our preliminary studies as to what will be the most productive we propose to target:  1) aspects of lip patterns as observed by SEM, 2) cellular basis of feeding structures via TEM reconstruction.  This includes, in the stoma region, anterior hypodermal, arcade and anterior pharyngeal cells as well as strategic regions of the pharynx including the basal region/bulb, 3) the basic topography of the nervous system in key areas including the head region (sensory organs), and innervation of the male tail (e.g. comparing underlying topography of males with and without caudal sensilla (e.g., papillae) expressed at the surface); this includes the phasmid which is considered a synapomorphy for the Secernentea sensu lato (= Rhabditida) radiation and may or may not include homologs outside Secernentea
 4) architecture of the secretory/excretory system across the phylum with respect to patterns of glands and canals and expanding on the basis for classical bifurcation of the phylum (e.g.  Secernentea and Adenophorea sensu lato; Chitwood and Chitwood, 1977)
.  This region is also promising for resolving branching of clades within the Secernentea radiation, including apparent synapomorphies in the particular topography of lateral canals
.  5) Additional promising characters relevant to major branches throughout Nematoda is suggested by ongoing work of collaborator Yushin from TEM of diverse sperm (Yushin and Malaknov, 2004, Yushin and Coomans, 2005), and 6) in patterns of early development by collaborator Schierenberg from 4D resolution of early embryos (Schierenburg, 2006).  In addition to participants Yushin and Schierenburg, collaborators Giblin-Davis and Poiras, have long interacted with Baldwin on several projects including classical taxonomy with SEM and TEM; this expertise combined with their ongoing surveys focusing on groups underrepresented (i.e. insect associates) and potentially key to some important radiations, will be invaluable to both morphological and molecular aspects of the proposed projects.  

Whereas the morphological selections are undoubtedly ambitious in the context of NemATOL II, we propose that the work is tractable because 1) NemATOL II will extend the  phylogenetic framework as a basis to efficiently target the most useful representatives of clades, 2) we are building upon long experience of PIs and collaborators including that gained through NemATOL I, 3)  areas of special morphological interest can often be elucidated simultaneously.  By example, innervation of the anterior region is resolved in conjunction with reconstruction of the stoma (Bumbarger et al., 2006, 2007) and regions of the pharyngeal base and excretory system involve investigating (as for TEM sections) the same region, 4) with development of emerging software and microscopy tools, technical processes can often be simplified to access characters across a wider range of taxa.  For example, phylogenetically informative patterns of radial pharyngeal muscle cells (De Ley et al, 1995, Baldwin and Eddleman, 1995, Baldwin et al, 1997, Dolinski, and Baldwin, 2003) first elucidated with TEM reconstruction can now be used to interpret character states across a range of taxa using more rapid confocal procedures in conjunction with specific florescence of membrane junctional complexes.  The demonstration of confocal microscopy as a useful shortcut has been developed in the Baldwin lab by collaborator Burr, and has built upon methods previously used by PI Fitch (Fitch XXX) (Burr and Baldwin, unpublished).  Indeed, characters first elucidated with detailed TEM reconstruction often "open our eyes" to visualize key features using simpler and more efficient instrumentation.  In short, phylogenetic approaches in morphology are designed with proven techniques and the most cost effective and efficient methods possible to 1) document specimens used for molecular data with corresponding records of phenotypes and 2) engage diverse expertise (PIs and collaborating participants) to target the taxa and features most promising toward resolving major radiations within the limited scope of this project.
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Figure 1.  Serial TEM digital reconstructions depicting cell-cell homologies across taxa with quick time movies (url here) A. anterior nervous system (Cephalobina) B. Anterior epidermal cells and stoma (Cephalobina) C. Anterior epidermal cells and stylet (Tylenchida). (Bumbarger et al. 2006, 2007, Ragsdale et al. submitted)







�For example, in NemATOL I testing clade Pratylenchus demonstrated a large set of classical characters to lack phylogenetic information.  However a very small set of redefined classical features and new characters from SEM of lip patterns, while too small for a combined analysis with molecular data, did provide a basis for demonstrating a striking level of congruence using Baysian approaches and pie charts to demonstrate and convey the strength of each node and the strength of each character state at the node (Subbotin et al., submitted).


�By  example it would be phylogenetically informative if the pattern of innervation essential for phasmids was conserved in taxa such as Plectida that are sister to the Secernentea, and furthermore if that same conservation does or does not extend more broadly to additional outgroups.


� The excretory system may also prove informative within clades.  Its structure was one of the few morphological characters congruent with molecular trees for Ascaridoidea (Nadler and Hudspeth, 2000) 


� By contrast to tradition TEM methods, fixation by freeze substitution (Bumbarger et al, 2006, 2007) especially preserves excretory canals that are open and readily resolved.





�PAGE \# "'Page: '#'�'"  ��Might better fit elsewhere????





