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Three domains of life based on the work of Carl Woese and colleagues



Why Ribosomal RNA Sequences
• Ribosomes are the protein synthesis factories.
• Core function present in all cellular organisms.
• Very little evidence of horizontal gene transfer.
• Historically easy to work with.

– Purify by centrifugation and extract rRNA.

• Now we use PCR to amplify from genomic DNA.
– rRNA genes have conserved regions interspersed 

with highly variable regions.
– Conserved regions used for both PCR primers and 

sequencing primers.
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New to RDP release 11:
 RDP tools have been updated to work with 

the new fungal 28S rRNA sequence 
collection.

 A new Fungal 28S Aligner and updated 
Bacterial and Archaeal 16S Aligner. We 
optimized the parameters for these 
secondary-structure based Infernal 
aligners to provide improved handling for 
partial sequences.

 Updated RDPipeline offers extended 
processing and analysis tools to process 
high-throughput sequencing data, 
including single-strand and paired-end 
reads.

 Most of the RDP tools are now available 
as open source packages for users to 
incorporate in their local workflow.

RDP's mission and funding:  
Part of RDP's mission is to provide support to our 
users. Email and phone contacts are available on 
the contacts page. Funding institutions:

RDP Release 11, Update 4 :: May 26, 2015

3,224,600 16S rRNAs :: 108,901 Fungal 28S rRNAs 
Find out what's new in RDP Release 11.4 here.

Cite RDP's latest tool articles.

RDP provides quality-controlled, aligned and annotated Bacterial and Archaeal 
16S rRNA sequences, and Fungal 28S rRNA sequences, and a suite of analysis 
tools to the scientific community. 

http://rdp.cme.msu.edu/ 7



RDPTools Collection of commonly used RDP Tools for high throughput sequence processing and analysis. Package

classifier RDP extensible sequence classifier for fungal large subunit rRNA, bacterial & archaeal 16S rRNA. Java

ReadSeq Sequence file reader and format converter. Java

Xander_assembler A gene-targeted assembler tool for metagenomic sequences. Shell 

AlignmentTools Tools for pairwise sequence comparison, distance calculation, and hidden markov model sequence scoring 
(using HMMER3 models). Java

Framebot Dynamic programming based frameshift detection and correction tool with nearest neighbor classification. Java

Clustering RDP memory-constrained hierarchical clustering tools. Java

fungene_pipeline Scripts and resources for analyzing sequence data for select eco-functional genes. Python

KmerFilter Tool for kmer analysis. Java

TaxonomyTree Taxonomy tree building and traversal utility tool. Java

SeqFilters Tool for sorting and selecting nucleotide sequences according to given filters and tags. Java

SequenceMatch K-mer based sequence matching tool to calculate nearest neighbors of sequences. Java

ProbeMatch Tool for finding (and removing) DNA/RNA primers in sequence reads. Java

AbundanceStats Tool for generating various ecological abundance statistics. Java

FungeneUtils Package of tools for protein sequence analysis. Java

SOAP-examples Code samples from various languages for interacting with RDP soap services. Perl

gfclassify A gene family classifier that allows for fast and accurate classification of amplicons (or open reading frame) 
nucleotide sequences.

C and 
Biopythonhttp://rdp.cme.msu.edu/ 8



Genes Beyond rRNA

• Faster evolving and single copy phylogenetic 
markers

• Genes encoding important ecological 
functions often not phylogenetically coherent.

9

Presenter
Presentation Notes
Mention Qiime associated with GrenGenesMothur from Ann ArborBoth incorpoarate RDP tools
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htpp://fungene.cme.msu.edu

Presenter
Presentation Notes
Offers databases of many common ecofunctional genes and proteinsIntegrated tools allow researchers to browse these collections and choose subsets for further analysis, build phylogenetic trees, test primers and probes for coverage, and download aligned sequences Specialized tools to process coding gene amplicon data 
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Xander: Gene-Targeted Assembler
Combining de Bruijn Graph and HMM

Wang et al., (2015) Microbiome3:32
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Nonpareil Collaboration

• GaTech
– Initial Implementation
– Applications

• MSU
– Speed up 300-fold
– Harden for release



Environmental Antibiotic Resistance



Environmental Antibiotic Resistance
Our Role:

• Develop tools to test consistency of sequences 
in antibiotic types and subtypes and to assure 
clear demarcation subtypes.

• Help develop strategy and tools for detecting 
antibiotic ARGS in environmental 
metagenomes.



Reminder: 
DNA less conserved than Protein



Find all possible 
thermodynamically stable primers

For each forward and reverse position F-R,
Choose D primers giving best coverage

Remove covered sequences 
from reference set

Have we created N assays 
or

are all sequences covered?

Choose F-R with the best 
coverage

Output primers 
(one assay)

No StopYes

Choose and align a reference set of sequences

Smart Chip: 5184 well 
qPCR platform

EcoFunPrimer – Primer Design

Presenter
Presentation Notes
Taxonomic Blind Spots Emiley Eloe-Fadrosh
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The End
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Secondary structure
of small-subunit 
ribosomal RNA

5' end 3' end

Image adapted from R. Gutell
http://www.rna.ccbb.utexas.edu/

27

Presenter
Presentation Notes
This slide shows the folded structure of 16S rRNA. This is a single stranded RNA molecule that is an essential component of the bacterial ribosome. Note the 5' and 3' termini are indicated. To obtain the phylogenetic tree presented in the first slide, this molecule from many different species must be sequenced to determine the order of bases in the single strand. The next slide shows a collection of unaligned sequences of 16S rRNA from several different bacterial species. 
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Xander
Gene-Targeted Metagenome Assembly

Wang et al.  (2015) 3:32 
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Major rRNA Databases

• Ribosomal Database Project
– Dept. of Plant Soil and Microbial Sciences

• Arb/Silva
– Max Planck Inst. For Oceanography

• GreenGenes
– UCSD Biomedical Sciences

• Human Oral Microbiome Database
– Forsyth Institute

Presenter
Presentation Notes
Users not interested in molecular biology problems. Interested in evolution, microbial ecology, population biology



36 Years of rRNA gene Sequencing



Why Ribosomal RNA Sequences

• Easy to purify ribosomes and rRNA
species by sedimentation.

• Now we use PCR with primers 
targeting conserved regions to 
amplify rRNA genes.
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Woese and Fox. (1977). Phylogenetic structure of the prokaryotic domain: the primary 
kingdoms. Proc Natl Acad Sci U S A. 74(11): 5088–5090. PMCID: PMC432104





Elucidation of the three domains of life 

Carl Woese
(1929 – 2012)

Ribosomal RNA sequence as 
phylogenetic marker

• Discovered 
“3rd kingdom”

• Archaea and Bacteria 
separate domains



Average Nucleotide Identity and
Average Amino Acid Identity

Whole Genome Comparison

http://rdp.cme.msu.edu/ 37

Kostas T. Konstantinidis
Georgia Tech



Diversity of uncultured organisms 
explored by rRNA sequencing

David A. Stahl, David J. Lane, Gary J. Olsen and Norman R. Pace
Science, New Series, Vol. 224, No. 4647 (Apr. 27, 1984), pp. 409-411 
Published by: American Association for the Advancement of Science
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Hydrothermal Vent Black Smoker

Presenter
Presentation Notes
Tubeworms and microbes symbiontsDeep-sea hydrothermal vents are hydrogeological phenomena occurring on the deep ocean bottom, wherever it is a tectonically active area and heated waters reach the seafloor with significant temperatures and pressures. Specific animal communities are strongly associated with these hydrothermal areas, and unique trophic relationships are established among chemolithotrophic bacteria, clams and mussels.How molecular data and approaches can be applied to researchObesitey micobiome in china



Sogin et al., 2006. PNAS 103(32): 12115–12120
doi: 10.1073pnas.0605127103



Rel. 6; moved to MSU's 
Center for Microbial Ecology 

1989
Initial funding by NSF

1991
Nucleic Acids Res  19 (Olsen, Larsen, Woese)

1992 
Rel. 1, 2 available to public hosted by Argonne National Labs 
471 rRNA sequences generated by Carl Woese lab

1993-1994 - Rel. 3 and Rel. 4
moved to U. of Illinois Urbana-Champaign

RDP 
Classifier 

(OpenSource)Rel. 9;
Bacteria and 

Archaea Aligner
(RNACAD)

Rel. 10;
Bacteria and 

Archaea Aligner
(Infernal 0.8)

Rel. 11;
Update Aligner;
New Fungal 28S 

Aligner
(Infernal 1.1);
OpenSource

GitHub RDPTools

Fungal ITS 
Classifier 

Fungal 
28S

Classifier

19
94

19
95

19
96

19
97

19
98

19
99

20
00

20
01

20
02

20
03

20
04

20
05

20
06

20
07

20
08

20
09

20
10

20
11

20
12

20
13

20
14

20
15

20
16

Xander 

FrameBot

FunGene
v. 2 

NSF funding
MSU-UIUC FunGene

v. 0.1

1M Seqs

GSC MIGS
Metadata GSC Soil

Metadata

Rel. 7 Rel. 8

MiGA



Rel. 6; moved to MSU's 
Center for Microbial Ecology 

1989
Initial funding by NSF

1991
Nucleic Acids Res  19 (Olsen, Larsen, Woese)

1992 
Rel. 1, 2 available to public hosted by Argonne National Labs 
471 rRNA sequences generated by Carl Woese lab

1993-1994 - Rel. 3 and Rel. 4
moved to U. of Illinois Urbana-Champaign

RDP 
Classifier 

(OpenSource)Rel. 9;
Bacteria and 

Archaea Aligner
(RNACAD)

Rel. 10;
Bacteria and 

Archaea Aligner
(Infernal 0.8)

Rel. 11;
Update Aligner;
New Fungal 28S 

Aligner
(Infernal 1.1);
OpenSource

GitHub RDPTools

Fungal ITS 
Classifier 

Fungal 
28S

Classifier

19
94

19
95

19
96

19
97

19
98

19
99

20
00

20
01

20
02

20
03

20
04

20
05

20
06

20
07

20
08

20
09

20
10

20
11

20
12

20
13

20
14

20
15

20
16

Xander 

FrameBot

FunGene
v. 2 

NSF funding
MSU-UIUC FunGene

v. 0.1

1M Seqs

GSC MIGS
Metadata GSC Soil

Metadata

Rel. 7 Rel. 8

Dawn Field
Lynn Schrml

MiGA



The mission of the GSC is to work with the wider 
community towards:

• the implementation of new genomic 
standards

• methods of capturing and exchanging 
metadata

• harmonization of metadata collection and 
analysis efforts across the wider genomics 
community



http://www.arb-silva.de/ http://greengenes.secondgenome.com/

http://www.homd.org/ http://www.rna.icmb.utexas.edu/

Other Ribosomal RNA Databases



Current Trends

• Migration back to high-fidelity near-full-length 
environmental amplicons (e.g. PacBio)

• Integration of higher resolution genomic data 
into 16S based phylogeny and taxonomy 



Genome Taxonomy Database

NCBI tax

- polyphyletic groups   
removed

- ranks normalised

GTDB tax



Ribosomal RNA Shows the Framework

http://rdp.cme.msu.edu 47



Akasaka K-Tower Residence from http://real.tokyoapartment81.com/en/rent/view/231423

Functional Genes Show the Details



Rhizosphere Soil Data, Xander Assembly

Gene nirK nifH rplB
Crop C M S C M S C M S

# chimeric clusters 16 207 11 0 1 0 14 28 44

# protein contig clusters 1993 1807 1581 39 57 41 19287 20463 17334

# OTUs at 95% aa identity 741 674 582 14 24 17 6100 6887 6004

Median (aa) 215 230 208 294 256 255 274 274 274

Longest (aa) 380 372 370 296 296 296 285 285 284

Median % aa identity 88.3 84.7 87.8 92.7 91.9 91.6 77.7 75.8 76.3

Max % aa identity 100 99.4 98.6 100 100 100 100 100 100

# reads covering kmers 27404 19815 16661 411 534 461 225985 179867 149661

Gene Abundance 0.121 0.11 0.111 0.002 0.003 0.003

49http://rdp.cme.msu.edu

Gene abundance calculated from the ratio
of nirK or nifH reads to rplB reads, corrected
for gene length. 
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Elucidation of the three primary 
lineages 
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rplB vs 16S Parwise Distances
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Number of OTUs in Agricultural 
Rhizosphere Soil Metagenome Sample
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Year Sequences

1992 636

1993 887

1994 2688

1995 8791
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