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Project Goals

The Ribosomal Database Project (RDP; http://rdp.cme.msu.edu) offers
aligned and annotated rRNA sequence data and analysis services to the
research community. These services help researchers with the discovery
and characterization of microbes important to bioenergy production,
biogeochemical cycles, greenhouse gas production, and bioremediation.

Our view of the evolutionary relationships among life forms on Earth has been
revolutionized by the comparative analysis of ribosomal RNA sequences. Life is
now viewed as belonging to one of three primary lines of evolutionary descent:
Archaea, Bacteria and Eucarya. This shift in paradigm has not only challenged
our understanding of life’s origin, but also provided an intellectual framework for
studying extant life — particularly the vast diversity of microorganisms. Ribosomal
RNA diversity analysis using genes amplified directly from mixed DNA extracted
from environments has demonstrated that the well-studied microbes described
by classical microbial systematics represent only a small percentage of diversity.
The use of rRNA to explore uncharacterized diversity had become such a relied-
upon methodology that by 2008, 77% of all INSDC bacterial DNA sequence
submissions described an rRNA sequence, and only 2% of these entries had a
Latin name attached (valid or otherwise; Christen, 2008)! Examining the RDP’s
collection of quality rRNA sequences demonstrates that cultivated organisms
represent only a fraction of observed rRNA diversity, and currently available
genome sequences cover an even smaller slice of this cultivated fraction.
Phylogenetically informed selection of sequencing candidates, as done in the
GEBA Project, can help improve genome coverage of diversity represented by
cultivated organisms (Wu et al., 2009), and single cell sequencing can provide
partial genome data for uncultivated organisms; but it will be years before these
techniques are able to make practical progress towards tackling the immense
diversity represented by the collection of rRNA sequences. In fact, it is our
knowledge of rRNA diversity that is guiding these efforts.

In the current release (August 2011), RDP offers 1,921,179 aligned and
annotated quality-controlled public bacterial and archaeal rRNA sequences along
with tools that allow researchers to examine their own sequences in the context
of the public sequences (Cole et al., 2009). In addition, 11,892 researchers have



over 7.4 million private pre-publication sequences in the myRDP account system.
On average, over the past year, the RDP website was visited by over 10,100
researchers (unique ip addresses) in over 24,500 analysis sessions each month,
an increase of 20% from the previous year, while Web Services (SOAP)
interfaces to these RDP analysis functions process an additional 8.6 billion bases
of sequence per month for high-volume users running their own analysis queues.
In addition, during the past 12 months the RDP Pyro Pipeline has been used by
over 446 researchers (unique e-mail addresses) to process their own high-
throughput current-generation rRNA sequence data.

The popular RDP naive Bayesian Classifier has been cited in over 380
publications in over 100 journals since its publication in 2007. The open-source
command line RDP Classifier package is freely available from SourceForge. This
package has been downloaded 2,745 times during the past 12 months and a
total of 6,025 times since first offered in 2006. A new command line tool
developed to meet the growing need for taxonomy-based analyses of large
numbers of sequences in multiple samples, MultiClassifier, is also freely
available from the RDP site.

We are now offering a fungal version of our RDP Classifier, in collaboration with
Andrea Porras-Alfaro, Gary Xie, Cheryl Kuske and their co-workers (supported
through a DOE Science Focus Area grant to Los Alamos National Laboratory).
This Fungal Classifier is trained on 8,506 curated fungal 28S rRNA gene
reference sequences, along with a hand-vetted fungal taxonomy including 1,702
genera plus higher-level taxa. This is an important addition to the RDP tools, as
fungi play a major role in carbon cycling and plant health. We will continue to
work with our LANL colleagues to improve and extend our set of fungal tools.

We are working with standards bodies, such as the Genomic Standards
Consortium (GSC; http://gensc.org/gsc/) and the Terragenome Consortium
(http://www.terragenome.org), to help define environmental annotation standards
for rRNA and other environmental marker gene libraries, and to assure that RDP
is ready for the new standards. Our work was incorporated into the new
MIMARKS (Minimal Information about a MARKer gene Sequence) standard
(Yilmaz et al., 2011). RDP’s Hierarchy Browser has been updated to allow
searching on MIMARKS attributes.

To help our user community comply with these new community standards, RDP
has added informative web pages to make our users aware of the GSC
standards and developed tools to assist our users to collect and prepare
compliant metadata (contextual data). RDP has created specialized MIMARKS
templates using Google Docs office suite. These Google Spreadsheet templates
for all 14 MIMARKS environmental packages provide embedded help and
validation for MIMARKS attributes. By leveraging Google Docs, our users have a
familiar tool that provides remote collaborative support, data storage, and a
powerful user interface, all without need of local IT infrastructure. When



researchers are ready to submit data, they can use the RDP’'s myRDP SRA
PrepKit, which helps researchers prepare richly annotated sequence data in the
complex XML documents required for submission to the NCBI and ENA SRA
repositories. RDP GoogleSheets also contain macros that produce data formats
compatible with standard ENA and NCBI sequence submission tools.
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Beyond rRNA, RDP is leveraging its tools and services to provide support for
analysis of coding for key environmental functions (functional genes). Like rRNA
genes, protein-coding genes can also be selectively targeted for deep
sequencing coverage. Genes that are important for environmental processes can
thus be used to identify functional, ecological and evolutionary patterns. RDP’s
FunGene repository provides support for amplicon design and analysis for genes
involved in a range of processes. Integrated tools are provided for primer testing,
phylogenetic analysis and model refinement. FGPipeline
(http:/fungene.cme.msu.edu/FunGenePipeline/) has been recently developed to
analyze this type of sequencing data. The major tools underpinning this pipeline
include RDP FrameBot, which extends and implements an existing dynamic
programming algorithm to detect and correct frameshift artifacts and filter out
non-target reads, the HMMERS3 aligner with preconfigured HMM models or user-
supplied protein seeds, and RDP mcClust, which implements a memory-
constrained hierarchical clustering algorithm for clustering large numbers of
protein reads and includes a distributed computing option. This pipeline has been
tested on important functional genes from the carbon and nitrogen cycles, and
genes important for human-microbe interactions, including biphenyl dioxygenase




(bph), important for bioremediation, nitrogenase reductase (nifH), a key
component in nitrogen fixation, and butyryl-CoA transferase (but) and butyrate
kinase (buk), important for production of butyrate, the main energy source of
human colonic epithelial cells.

The RDP’s mission includes user support. Help is available online, through e-
mail (rdpstaff@msu.edu), and by phone (517-432-4998). In the past year, RDP
staff has helped users through over 900 emails and phone conversations.
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