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I also study symbioses between sponges and the complex microbial communities found inside sponges
My lab has largely considered the ecological nature of these interactions, which span from mutualism to parasitism, sponsored by NSF
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Sponge Biodiversity

Porifera are distributed In
3 traditional classes + 1 new class = 4 classes
25 orders
127 families
682 valid genera (700+ proposed)
8,261 recognized species + estimated 8,000 to be named

ICZN sponge taxonomy is maintained as the
World Porifera Database (www.marinespecies.org/porifera)
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The phylum Porifera is fairly diverse, with about 8,000 named species of sponges. 



Chondrocladia lyra, a new species of carnivorous sponge from
northern California (Demospongiae, Poecilosclerida, Cladorhizidae)

Welton Lee, California Academy of Sciences



A phylogeny is used to visualize evolutionary
relationships among groups of organisms
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NSF Assembling the Tree of Life:

Porifera Tree of Life (PorToL), >1300 species
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Computational Needs for Phylogenetics

 Secondary Structure Alignments
Parallel MAFFT

Vol. 26 no. 15 2010, pages 1899-1900
AP P LI CATI ON S N 0 TE doi:10.1093/bioinformatics/btq224

Sequence analysis Advance Access publication April 28, 2010

Parallelization of the MAFFT multiple sequence alignment
program
Kazutaka Katoh* and Hiroyuki Toh

Computational Biology Research Center, National Institute of Advanced Industrial Science and Technology,
Tokyo 135-0064, Japan

Associate Editor: David Posada




Secondary Structure: small subunit ribosomal BNA
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http://www.rna.ccbb.utexas.edu/
http://www.rna.ccbb.utexas.edu/

Computational Needs for Phylogenetics

 Secondary Structure Alignments
Parallel MAFFT

e Bayesian Algorithms
Parallel PhyloBayes
APPLICATIONS NOTE ' %i7o osamointomatos/omste

Phylogenetics

PhyloBayes 3: a Bayesian software package for phylogenetic
reconstruction and molecular dating

Nicolas Lartillot'*, Thomas Lepage’ and Samuel Blanquart®
1Département de Biochimie, Université de Montréal, Montréal, Québec, Canada and
2Département d’Informatique, LIRMM, Montpellier, France

Received on January 26, 2009; revised on June 9, 2009; accepted on June 10, 2009
Advance Access publication June 17, 2009
Associate Editor: Martin Bishop




PhyloBayes

New parallel version
implemented by
Puri Bangalore

CAT-GTR model of
sequence evolution,
with over 50
different models
specified across
3500 bp alignment
of 250 taxa
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Computational Needs for Phylogenetics

 Secondary Structure Alignments
Parallel MAFFT

 Bayesian Phylogenies
Parallel PhyloBayes

e EST Libraries
Custom Software to Select Homologous Genes
55 species
128 nuclear-encoded proteins
30,257 aligned amino acid positions
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Sponges are an ancient lineage of metazoans.

Deuterostomia

Ecdysozoa
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Anthozoa

Coelenterata

Ctenophora

Placozoa

Demospongiae

Porifera

Hexactinellida
Calcarea
Homoscleromorpha

Choanoflagellata

Capsaspora

Ichthyosporea

PorTol team members contributed to a recent phylogenomic study of metazoan relationships that places sponges in a
monophyletic clade that is basal to other animals (Philippe et al. 2009). Bayesian tree obtained from the analysis of 128
nuclear-encoded proteins (30,257 aligned amino acid positions) for 55 terminal taxa with the CAT model of evolution.
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Sponges are also the most ancient metazoans, although this placement at the root of the metazoans has seen some controversy over the past several years. The Porifera Tree of Life project contributed to a recent study by Phillippe et al. using analyses of about 100 proteins for 55 taxa, and found support for a monophyletic origin of sponges, suggesting that all sponges do form a single phylum, with a single common ancestor.
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PorTol team members contributed to a recent phylogenomic study of metazoan relationships that places sponges in a
monophyletic clade that is basal to other animals (Phillippe et al. 2009). Bayesian tree obtained from the analysis of 128
nuclear-encoded proteins (30,257 aligned amino acid positions) for 55 terminal taxa with the CAT model of evolution.
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Computational Needs for Phylogenetics

 Secondary Structure Alignments
Parallel MAFFT

 Bayesian Phylogenies
Parallel PhyloBayes

EST Libraries
Custom Perl Scripts to Select Homologous Genes

* |llumina Sequencing of Mitochondrial Genomes
Galaxy



Homoscleromorpha: Plakinidae vs. Oscarellidae
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We can place these questions in a more general ecological context, comparing sponge-microbe systems with other symbioses, including many plant-pollinator interactions, legume-Rhizobia, and corals-Symbiodinium.
Do common factors control –diversity of these associations; -signaling between hosts and symbionts; 
Do these interactions share similar costs & benefits?
That is what we will explore today



. Sponge Microbiology

Sponges can host abundant and diverse communities of
symbiotic microbes.

J How common are these associations?
. How diverse are these associations?

. How do microbial symbionts interact with the host sponge?

Webster et al. (2001) TEM of

-l mesohyl of Rhophaloeides '

Sl odorabile, with exclusively Eubacterial FISH probe in the mesohyl of
bacterial cells in this image. Hyrtios violaceus (Thacker et al. in prep)
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Because they are constantly pumping seawater through their bodies, and their canals present an immense surface area, it isn’t too surprising that sponges can host abundant and diverse communities of microbes.
Three major questions from the field of sponge microbiology seeks to determine:
How common are these associations?
How diverse are these associations?
And How do microbial symbionts interact with a host sponge?
Two examples here: lower left: TEM of mesohyl or interior tissue of a sponge called Rhophaloeides – even though this is a sponge cross section, only bacterial cells can be seen in this image.
Lower right: Confocal micrograph of mesohyl of Hyrtios violaceus, stained with a fluorescent probe for eubacteria – all of the light areas here are bacteria
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FIG. 4. 165 rRNA-based phylogeny showing representatives of all bacterial and archaeal phyla from which sponge-derived sequences have been
obtained. Sponge-derived sequences are shown in bold, with additional reference sequences also included. The displayed tree is based on a
maximum likelihood analysis. Bar, 109 sequence divergence.
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One way to investigate symbiont diversity is what I call a microbial perspective, where an investigator takes one sponge, extracts DNA, and then sequences as many bacteria as possible from that sponge.
Recent reviews by Mike Taylor and Nicole Webster compile thousands of such sequences to build huge phylogenies: 16 bacterial phyla and both archaeal lineages are reported as sponge symbionts.
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e Shared workflows archived at Dryad

e Facilitate access to TeraGrid / XSEDE



Presenter
Presentation Notes
Provides easy access to the computational power of NSF’s TeraGrid/XSEDE network – you should not need to pay for Amazon cloud computing when NSF has built XSEDE to support your research.


~-Sponsored DRYAD
0://datadryad.org

* Respository for phylogenetic data sets

* Currently expanding to accommodate any
bioscience data

e Arbor workflows will be stored in DRYAD
e Reveal exactly how authors analyze data

 Retrieve methods and substitute your own data



Arbor: Case Studies

|. The Evolutionary Process of Spatial Diversification

Il. The Evolution of Symbiotic Communities
I11.The Evolution of Complex Interactions
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For example, spatial diversification case study will integrate phylogenetic, distributional, and climatic data to test hypotheses about niche evolution and diversification, with GIS visualization. I am coordinating II, and contributing to I and III.
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"::PorToL Team "

University of Alabama at Birmingham
Bob Thacker
Puri Bangalore
Smithsonian Institution / NMNH
Allen Collins
Niamh Redmond
Klaus Ruetzler
University of Richmond
Malcolm Hill
April Hill
Nova Southeastern University
Joe Lopez
lowa State University
Dennis Lavrov

¥ Arbor Team

- .{ Curt Liesl, Kitware
-, Bob Thacker, UAB
' Chelsea Specht, UC Berkeley
& Luke Harmon, U Idaho
* Jorge Soberon, U Kansas

Harbor Branch Oceanographic Institution
Shirley Pomponi

Dartmouth College
Kevin Peterson

Museo Marino de Margarita, Venezuela
Cristina Diaz

Ludwig-Maximilians-Universitat Munchen,
Gert Woerheide

Queensland Museum, Australia
John Hooper

Zoological Museum Amsterdam
Rob van Soest

And many other international collaborators!
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