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Genomics:
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MetaGenomics:

=> Study of the genetic material recovered from an
environmental sample. The sample usually contains >1
species !

Metagenome: the collective genome of all the
microorganisms in a given environment.




Goals and applications

Goals: Who is there ? What are they doing ? - |
How are they doing ? —Wh
Characterization of the diversity g 'sinter

are they doing it?

Many applications :
fundamental research,
industrial, clinical
applications

& | — > Growth
J — Protein
. —— Vaccine

E{_ ﬁl — Secondary Metabolite

i' — Resistance



Almost everywhere !

=> Microbiome (gut, skin,..), ocean (TARA project) , soils and deep ground, space ! And more

- More cell in guts than in the rest of the body ! (>10*4)

- Be considered as a real organ

Actinobacteria
mm Corynebacterium
W Propionibacterium
[ Other Actinobacteria

(1 Bacteroidetes

Firmicutes
I Laoctobacillus
mm Staphylococcus
[0 Streptococcus
mmm Other Firmicutes

mm Fusobacteria
mm Proteobacteria

Obesity

Metabolic Syndrome
Diabetes

C. difficile Infection
Colorectal Cancer
Inflammatory Bowel
Diseases

Psychiatric Disorders

Allergies

Acne

Psoriasis

Atopic Dermatitis
Ectodermal Dysplasia
Skin Cancer

GutMicrobiome
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Gut: stool

_ Skin Microbiome )
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Skin: antecubital fossa ‘
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Mouth- tonsils
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/ Placenta: term birth

Pre-term Birth
Chorioamnionitis
Villitis

TORCH Infections

. Vagina Microbiome

Vaginosis

Sexually Transmitted
Diseases
YeastInfection

Vagina

Colonization of the intestine:

- Initial acquisition during delivery by
vagina, stool and skin

- Breastfeeding

- Breast milk: Bifidobacterium (more than
90% of the flora)

- Industrial milk: more Bacteroides and
Clostridium

- Stool begins to become hard = adult
flora



Where ?

Almost everywhere !

=> Microbiome (gut, skin,..), ocean (TARA project) , soils and deep ground, space ! And more
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FOR THE FIRST TIME, MARINE PLANKTON IN ITS ENTIRETY
WAS COLLECTED AND STUDIED — FROM VIRUSES AND D
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WHY THIS EXPEDITION? e specalised Mant et s s
for coll astic
o THE OCEANS regulate the climate and atmosphere surface.
1t of our planct. oxygen o
= = generated globally cach year by photosynthesis,
a0 e st o CO, Al b pluony
over-fishing, and rising temperatures,
continue to efciently absorb carbon and regulate

REVIVING THE TRADITION OF THE GREAT EXPEDITIONS
OF THE 19" CENTURY, TARA SAILED THE WORLD'S OCEANS
FOR THREE AND A HALF YEARS. ‘

) depth of 10 o 120 meters,
o 'm
A7 [ Pranicron designates al the organisms drifing of srainers and filiers to
with the currents, These microscopic organisms are orazcepuiane brsl
St .
T the foundation of the marine food chain,cnsuring
8. the survival of ish, marine mammals, and billions .
of humans beings. They react quickly to climate
changes and to ocean acidification. We must learn 3 Tie “roserre” CTD
more sbout this complex, dynamic ccosystem AND THE
andits role in global equilibrium. ‘This apparatus contains 10
Niskin bottles to collect water
CORAL REEFS are privileged places for aquatic from different depths, as
biodiversity but they arc suffering from climate B it sl
change, marine pollution, and over-fishing. Tara was any parameters including
the ideal platform for exploring 5 rarely- studied T
coral sites: Diibouti, Suint-Brandon, Mayorte, and conductivity,nitrogen,

the islands of Gaml

ier and Kiribati. | exgen, ﬂ\loxesr,enc:,
et

e e

water at different depths.

‘The UVP (Underwater

Vision Profiler)

ON AT
OF HIGH TECH

A unique space for microscopic imagery about 20 physic

setup aboard Tara d.m-,u, Enie parameters, and image particles
researchers characterize the organisms collected, nd organisms.

their functional diversity and their complexity:

« THE UNDERWATER
VISION PROFILER

observes plankton during
sampling.
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VOYAGE OF THE SAMPLES

¢ TOSAMPLEZOOPLANKTON:  WENEED 1000 000 LITERS OF SEA WATER, ———————>

september 2009 — december 2013
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Almost everywhere !

environmental
microbiology reports

Environmental Microbiology Reports (2011)
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doi:10.1111/5.1758-2229.2011.00279.x

High coverage sequencing of DNA from
microorganisms living in an oil reservoir

2.5 kilometres subsurface

Hans K. Kotlar,'* Anna Lewin,* Jostein Johansen,*
Mimmi Throne-Holst,*" Thomas Haverkamp,®

Sidsel Mar * Asgeir Wi g,*

Philip Ringrose,’ Trine Aakvik,? Einar Ryeng,®
Kijetill Jakobsen,® Finn Drables® and Svein Valla®*
'Statoil ASA, 7053 Ranheim, Norway.

2Department of Biotechnology, Norwegian University of
Science and Technology, 7491 Trondheim, Norway.
*Depariment of Cancer Research and Molecular
Medicine, Norwegian University of Science and
Technology, 7491 Trondheim, Norway.

“SINTEF Materials and Chemistry, Department of
Biotechnology, 7465 Trondheim, Norway.

SCEES and MERG, Department of Biology, University of
Oslo, 0316 Oslo, Norway.

lerant than for a corresponding E. coli enzyme, con-
sistent with the conditions in the oil reservoir.

Introduction

The diversity of environments on the earth is enormous,
ranging from, e.g. extremely cold to hot, dry, or acidic
conditions, and studies of microbes inhabiting such
extreme environments are interesting from a basic biologi-
cal point of view, for applied biotechnology and to evaluate
the outer boundaries for the existence of life. Oil reservoirs
located deep into the earth crust attribute a combination of
high pressure, temperature, salinity as well as physical
barriers to life on the surface. Petroleum oil is generated
from organic materials deposited millions of years ago,
buried under layers of sediments of gradually increasing

Sampling an oil field

=> Microbiome (gut, skin,..), ocean (TARA project) , soils and deep ground, space ! And more

Xpand Pressure Flask



Almost everywhere !

=> Microbiome (gut, skin,..), ocean (TARA project) , soils and deep ground, space ! And more

Survival of B.subtilis spores : @
Unprotected : several seconds N
Protected : more than 6 years

1 \
Others microorganisms : . o SHD
Phage T1, Synechococcus .

Haloarcula, Deinococcus

AE WIGKOMES

X

Recently : surprising survival of lichen




Almost everywhere !

=> Microbiome (gut, skin,..), ocean (TARA project) , soils and deep ground, space ! And more

Many other metagenomics hot spots



* Microarrays

Requires knowledge of the community in advance

- PhyloChip (taxonomic)
- Geochip (metabolic)

* (Meta) Barcoding sequencing

Amplicon based analysis through High throughput sequencing of a given gene (or part of)
after amplification

- SSU rRNA (=16S/18S)
- protein coding genes: rpoB, nifH, IRS, cytC, RecA,...
- ITS (internal transcribed spacer)

o

G
Shotgun Aoy

* (WGS / Total / Shotqun) MetaGenomics i " approaches % (3l microbe
- (bacteria and archaea)
Seq U en CIn q — l Metagenorr.rli.c-s.(?'NA} Metatranscriptomics (RNA)
Clustering Cetoooos s
Sequencing of the whole DNA in a sample. Moppingto  denows sy e
Complete Community anaIySiS1 Databasjmapping g ‘ Vo Sample type Orgi’niz:tio;’linto
H . to identify s g apping to new R - SLETE
characterization of the pangenome PR | || I s
'E Genomes/genes 'E % :
: : H [ [T E‘DDDDD HE
* MetaTranscriptomics l Cancmanss : @

| Putative functional pathways | % : .
‘ Active pathways/microorganisms

Idem TotalMetagenomics, but from RNA



(Meta) Barcoding sequencing

* Usually based on rRNA 16S for bacteria (~1540nt), rRNA 18S for eucaryotes
=> current taxonomic classification for prokaryotes & eukaryotes. Species definition !

165 r RNA + 21 proteins

ﬁ
Prokaryote
ribosome "“'9' 23S rRNA, 55 1 RNA + 31 proteins
> 1851 RNA + 30 protene
Tl 285 r RNA, 5.85 r RNA, 55 r RNA
+ 45 proteins

* Most commonly used molecular marker
— essential function
— Ubiquity
— evolutionary properties

* Rapid and cost-effective approaches for
* OTU (operational taxonomic units) assessing diversity and abundance.
definition based on 16S rRNA gene

* Highly conserved gene, 9 hypervariable

=> organisms displaying 97 to 98% identity domains interspersed with conserved
in this gene to be part of the same OTU fragments



(Meta) Barcoding sequencing

16s rRNA structure. Design primers for PCR (polymerase chain reaction) for
specific regions of the rRNA, not the whole molecule (ie. V4 and V6 region for 16S)

Environmental samples

* PCR amplification with primers that hybridize to highly
DNA exraction conserved regions in bacterial or archaeal 16S rRNA,
followed by cloning and sequencing

| \‘ 3
: .l“' v, Genomic DNA

os N% El T o PP -
”’ Ml W N N - W BN BN W .
p 3 3 3
X(’)) PCR end sequencing - J: Ji J Ji' ) ‘H

16S rRNA sequencing

‘TTIGTAAA-TCTICAGATAA. e
TTTGTCAAGTCTTTRATGAA . | .
TTTGTCAACTCTTTGETGAN . | .

Sequence comparison * Phylogenetic analysis of 16S rRNA helps to reveal
\ [/ the species diversity in a community

Y




(Meta) Barcoding sequencing

Limits of rRNA use
- Sampling challenges : rich species Vs sparse species. Rare species could not be sequenced
- Do not tell much about the functional abilities of a community

- Based on the assumption that the level of interspecies rRNA variation is homogeneous
among genera

- PCR bias: not all rRNA genes amplify equally well with the same “universal” primers

- Multiple copies of rRNA genes in some species (which may artificially lead to the over-
representation of some species)

- Speed of evolution of rRNA genes may vary according to the phylum

- Homology cutoff not applicable to all genera => may underestimate, or overestimate the
diversity

- The discriminatory power may be insufficient at the species level, especially for closely
related species

ig.
- Pantoea agglomerans strains may exhibit up to 27 bp differences, which does not validate the 98.7% cutoff)
-Clostridium tetani and C. innocuum exhibit 104 bp differences, which does not validate the 95% threshold =>

classification in distinct genera?



(Meta) Barcoding sequencing

Limits of rRNA use

- Possibility of 16S rRNA genes acquired by HGT (Jain et al. Horizontal gene transfer among genomes: the
complexity hypothesis. Proc Natl Acad Sci USA 1999;96:3801-6)

- Missing sequences or variable quality of available sequences, including from validly published
species

Pyrosequencing

Culturomics A

7.4\

2

/,

Firmicutes
' Bacteroidetes
* M Actinobacteria
I Proteobacteria
Fusobacteria

Deinococcus-Thermus
Fungi
Verrucomicrobia

For procaryotes : NGS could be complementary to culturomics. 90-95%
microorganisms remain uncultivable in laboratory.

For eucaryotes : cultures is not even possible (plankton, fungi..), direct observation
(microscope) is exhausting => NGS is widely uses (rRNA 18S, or other genes)



(Meta) Barcoding sequencing

species rich habitat, only a small
fraction has been sampled

this habitat has not been
exhaustively sampled

OTUs

""" most or all species
/ have been sampled

>
number of reads

Rarefaction allows the calculation of species richness for a given number of individual
samples, based on the construction of so-called rarefaction curves. This curve is a plot of the
number of species as a function of the number of samples.



(Total) MetaGenomics sequencing

=> Environmental sample : all DNA sequencing, no specific amplification

Who is here ? => Biodiversity caracterization
Who does what ? => Physiological caracterization

INTRODUCTION TO SPECIAL ISSUE

Tara Oceans studies plankton at planetary scale

R E S E A R' H A R I I ‘ I E P. Bork', C. Bowler?, C. de Vargas®*, G. Gorsky®®, E. KarsentiZ’, P. Wincker®
+ See all authors and affiliations

Science 22 May 2015:
Vol. 348, Issue 6237, pp. 873
DOI: 10.1126/science.aac5605

Environmental Genome Shotgun

sequenCing Of the sargasso sea Article Figures & Data Info & Metrics eletters PDF

J. Craig Venter,'* Karin Remington,” John F. Heidelberg,?
Aaron L Halpern,? Doug Rusch,? Jonathan A. Eisen,?

The ocean is the largest ecosystem on Earth, and yet we know very little about it. This is

Dongying Wu 3 Jan Paulsen.? Karen E. Nelson.? William Nelson.? particularly true for the plankton that inhabit the ocean. Although these organisms are at least as
DI‘l'rid(' E. Fouts,? Sll:l'll.lll I.C\fy.z Antho'ny H. Knap, 6 A important for the Earth system as the rainforests and form the base of marine food webs, most
el Ll o "

Michael W. 1 as 6 Ken Neal 5 Owen White 3 plankton are invisible to the naked eye and thus are largely uncharacterized. To study this invisible
Jeremy Pl't;r!nn 3 :IIH Holfaan ! 'Rlchll. PII'IDII; 6 world, the multinational Tara Oceans consortium, with use of the 110-foot research schooner Tara,
" " "

Holly Baden-Tillson,’ Cynthia Pfannkoch,” Yu-Hui R 4 sampled microscopic plankton at 210 sites and depths up to 2000 m in all the major oceanic
Y l'_hm"m O. Smith’ ! regions during expeditions from 2009 through 2013 (7).

Success depended on collaboration
between scientists and the Tara Expeditions
logistics team. The journey involved not only
science but also outreach and education as

We have applied "whole-genome shotgun sequencing” to microbial populations
collected en masse on tangential flow and impact filters from seawater samples
collected from the Sargasso Sea near Bermuda. A total of 1.045 billion base pairs
of nonredundant sequence was generated, annotated, and analyzed to elucidate

the gene content, diversity, and relative abundance of the organisms within well as negotiation through the shoals of
these environmental samples. These data are estimated to derive from at least legal and political regulations, funding
1800 genomic species based on sequence relatedness, including 148 previously uncertainties, threats from pirates, and
unknown bacterial phylotypes. We have identified over 1.2 million previously unpredictable weather (2). At various times,

unknown genes represented in these samples, including more than 782 new
rhodopsin-like photoreceptors. Variation in species present and stoichiometry
suggests substantial oceanic microbial diversity.

journalists, artists, and teachers were also
on board. Visitors included Ban Ki-moon
(Secretary-General of the United Nations)
and numerous youngsters, including

1.2 million unknown genes Tara Oceans : 117 millions of oceanic genes
(Venter et al., 2004) (Bork and al., 2015)



(Total) MetaGenomics sequencing

Principe of metagenomics

Sample collection

}

Whole DNA extraction

}

Whole DNA amplification

:

Whole DNA sequencing

:

Data analysis - Bioinformatics

(alignement, comparaison of sequences,
gene prediction, metabolic pathway reconstruction)

=> [Information about : Biodiversity, but also physiology, metabolic pathways...



(Total) MetaGenomics,Sequencing

NGS-Based Metagenome Analysis Methods

Your Sequencing Method of Choice

Whole Sample Sequencing

Shotgun Metagenomics

Y

Gene-Targeted
Metagenomics

o)

16s RiboTags ‘

AN

" =
| Read I
I Binning m—
I Character- or | | I
Homology- | _ eads l
I Based : _ _
|| Approaches | — |
ntg
I I Binning l
v,
Contig Read
Annotation Annotation
Taxonomy/Function-subfamily T T
Community Profiling Conkgibaied Riddbased
Taxonomy Taxonomy
Function- and and
Subfamily Functional Functional
Profiling Profiling Profiling

Final Analytical Data Set for Analysis and Community (Metagenome) Comparisons

Current Opinion in Biotechnology




(Total) MetaGenomics sequencing

Analysis and expected results

* Direct results : DNA sequences and contigs

& (| | [ | | (e | [ [ [ | e (| e (e | o e | e e [ e e | e e | R

CONTIGO6241 [e

cds JHLET LR LR LT L L BB R L R B R

[ |9 [ [ o | (o e [ | e | e [ (o o (e (o | e (e e (e [ e e e e e (e | [ [ | e | [ e e f e e e e |

* After analysis

Mivmaziga brevicallis AFTTAITS

honaunga ovaia AFZTI99

TR e Choanoflagellida
LEMDE9 AFI71736

CVIB136 @

(1) Biodiversity

TLower fungzt’

- Phylogenetic trees :

AF113430
AFOEI405 —

o e LepioepiaTia Bicoior

Known species and n%mm |
-:meuxmm Basidiomycota

CEmEES .. - new species ?
O - new phyla ?

Lepadella potells AY213117

Ascomycors Discovery of :

Unknown microorganisms
=> Who are they closest to ?

OV AL -
L Philoding acwtioomis
U41ZEl

A d
Copricapsis sp. AFIEII0T
Priomatslma wmiermediur AFTIEA1T

FTePSp AVIE4TIT |

Amoeboz




(Total) MetaGenomics sequencing

(2) Physiology and genomic

Genomes Genes Pathways
functional groups metabolism, physiology

B ‘unique’ shared core

ase

 — | Knuwn function

UCYN-A chromosome

1,443,823 bp,
1,214 predicted proteins,

- 31% everage EC contant,

IS General function KOG bearing
I Unknown fl..lnG'lan
BN Mo orthologous group

Informations as :

- G+C contents

- Genome sizes

- DNA repair mechanisms

- Pathways of excretion, polysaccharides secretion



(Total) MetaGenomics,Sequencing

Sequence Classification

More difficult than for barecoding sequencing => creating bins
Sequence classification (binning) is the process of separating sequence data using specific
information. Sequence classification by:

(1) Sequences composition

* Tetranucleotide frequency (kmer counting)

* Clustering of reads. (e.g. swarm, cd-hit)

* Sequence (co-) assembly (MetaHit, Metavelvet)

* Differential coverage of contigs (GroopM, Concoct)

Advantage : read with unknown origin can be classified into a bin
Disadvantage: impossible to determine taxonomy or function of the reads

Input data: 1159
(genomesimelfort et al., Peerd, 2014)

a) PCA - Tetranucleotide binning
b) GroopM coverage binning




(Total) MetaGenomics: sequencing

(2) Sequences similarity

* Compare sequences to reference database (e.g. Blast, bwa, bowtie)
* Use phylogenetics to classify sequences.

Advantage: One can determine taxonomy and function of reads.
Disadvantage: reads with no similarity to databases sequences, can not be classified

Usual example : Using the best blast hit

B Citrobacter

Il Cronobacter
\ B Enterobacter
\ M Escherichia
| M Kebsiella

B Lambda-like viruses

B Pseudomonas

B Saimonella

 Serratia

B Shewanella

B Shigella

B Yersinia

B unclassified (derived fr...
B unclassified (derived fr...

12V http://nickloman.github.io/



(Total) MetaGenomics Sequencing = tools

Tools for sequences classification

Nucleotide composition:

CompostBin , PCA-analysis of k-mer, frequencies, Self-Organizing Maps (different variants),
MetaCluster, PhyloPythia, Naive Bayes classifier (NBC), etc

Sequence similarity:
MEGAN, SorT-ltems, Threephyler, COMET,Metaphlan, PhyloSift, Kraken, etc
Both:

Phymm / PhymmBL, Phylophytia, RAIphy, Metaxa2*(rRNA), PhyloOTU (rRNA),
MLTreeMap, RITA, STAMP, WGSQuikr.

Differential Coverage:

GroopM, Concoct, Blobology



(Total) MetaGenomics Sequencing = tools

MetaPhlAn: Metagenomic Phylogenetic Analysis
* Uses a database of taxon specific marker genes
* Works well with known ecosystems: e.g. gut communities

Phylosift:
* Uses a database of 37 universal proteins & rRNA genes.
* Designed to classify using phylogenies

Both databases are smaller than NCBI NR, depending on your ecosystem, one will work better

_," Krona - Firmicutes

&« C #H -‘_iikrona.sourcefﬂrge.net;‘examples;phymmhl,kmha,'mmI?coHapse;false&co\or::rue&key:f kg ‘3@
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https://bitbucket.org/nsegata/metaphlan/ htt;): //sburceforge.net/p/krona




(Total) MetaGenomics Sequencing = tools

MEGAN (Huson et al., Genome Research, 2007)

» Developed for characterization of metagenomic shotgun reads

» LCA assignment based on BLAST hit scores AN

« Support for paired-end reads and comparison of datasets. MEfaCenome ANaIyzeE
* Latest version can analyze RDP files / QIIME OTU files ,
 Analysis of metabolism via SEED, KEGG or COG maps PRET SIS SR/ Lo PR CoBaputte!
« Comparison of multiple metagenomes (> 2) B AR 5

www-ab.informatik uni-tuebingen. de/sotiwase/megan

https://github.com/husonlab/megan-ce
http://megan.informatik.uni-tuebingen.de/

Why to use MEGAN ?

Easy to work with on a desktop / laptop computer:
Extra things needed: Java, a BLAST server

MEGAN gives a visualization of BLAST results

 Study diversity

» Compare samples

e Contamination filtering

» Special gene of interest

» Extraction of sequences based on taxonomic / metabolic information.



(Total) MetaGenomicsi SequUeERCING=1to0Is

The basics of MEGAN

MEGAN uses BLAST, a database and a taxonomy file

- BLAST N : nucleotides against a nucleotide database.

- BLAST X : Translated nucleotide against a protein database.

* Which database?

one of the many available database like the NCBI-nonredundant database (nr), or a your own
custom database.

e Taxonomy: NCBI taxonomy, or your own custom taxonomy

» LCA clustering
BLAST output file is used to bin sequences using the LCA (“Lowest Common Ancestor” **)
assignment algorithm into specific taxons

“In this approach, every read is assigned to some taxon. If the read aligns very specifically
only to a single taxon, then it is assigned to that taxon. The less specifically a read hits
taxa, the higher up in the taxonomy it is placed. Reads that hit ubiquitously may even be
assigned to the root node of the NCBI taxonomy” (MEGAN manual)



(Total) MetaGenomics Sequencing = tools

GC content
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Epsilonprotecbactena

Epsilonproteabacteria
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i @ stappia 5
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mUItiple Samples .Magnemspinuum 12

Alteromonadales 41 @
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Comparison between reads assigned —
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-
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.Endmiflia 69
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Not assigned 377



(Total) MetaGenomicsi SequUeERCING=1to0Is

Other tools

* MG-RAST* (http://metagenomics.anl.gov/) (1,2)

* IMG/M (http://img.jgi.doe.gov/) (1)

 WebMGA (http://weizhong-lab.ucsd.edu/metagenomic-analysis/) (1)

« METAgen assist* (http://www.metagenassist.ca/METAGENassist/faces/Home.jsp) (1,2)
* Real-Time metagenomics (https://edwards.sdsu.edu/RTMg/) (1)

* Ribosomal Database Project (RDP) (rdp.cme.msu.edu) (2)

 Qiime (Quantitative Insights Into Microbial Ecology) (www.qgiime.org) (1)

* Mega (and not “Megane”), more focus on phylogeny (https://www.megasoftware.net/) (2)
* Mothur (https://www.mothur.org/) (1,2)

(1) MetaG
(2) Barcoding / amplicon sequences
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MG -RAST (online tool)

http://metagenomics.anl.gov/

A

ysls serve

&N Browse Metagenomes

Please use your institutional email address for account requests.

. search Q
?‘ Register - Contact

upload & download <

"he current se

ke a look at MG-RAST for the

Updates MG-RAST Version 3.2 released [May 30, 2012]

Turn your raw sequence into analyzed data.

2012 2023
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MG -RAST il Metagenome Analysis
@ oata seiection
ORGANISM ABUNDANCE Metagenomes 4441147.3 &
Rep e sl Annotation Sources M5NR [+]
Classilicaison Max. e-Value Cutoff le-5 [£]
X . X Min. % Identity Cutoff 60 % [+
& W Clunailicatins Min. Alignment Length 15 [+]
Lowest Common Cutoff
Ancestor Workbench | use features from workbench

FUNCTIONAL ABUNDANCE

= 2 e . @ Data Visualization
Hierarchical Classification

v WL

All Annotations . N AL | - : = e
OTHER o T2 : b -—% -
] LAY x
"N R I | /’3‘0’;,,— i ..'\\\\\

Recruitment Plot

) barchart () tree ® table 7) heatmap (") PCoA (O rarefaction | generate |
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- - ¢é
Ribosomal Database Project (RDP) RDP Release 11, Update 5 :: September 30, 2016 :}gﬂ"

3,356,809 16S rRNAs :: 125,525 Fungal 28S rRNAs
Find out what's new in RDP Release 11.5 here.

https://rdp.cme.msu.edu/

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. New to RDP release 11:

e 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.

Hierarchy
Browser Classifier

@

Sequence
Match RDPipeline

TO | Os | Ty

Tree RDP
Builder Open Source Tutorials

https://rdp.cme.msu.edu/help/tutorial.jsp
http://rdp.cme.msu.edu/tutorials/init_process/RDPtutorial _INITIAL-PROCESS.html

https://rdp.cme.msu.edu/tutorials/classifier/classifer _cover page.html
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I Bactercides

M Clostridium

M Lactobacillus
Escherichia

M Streplococcus

B Saimonella

i
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B Bifidobacterium

Species

ﬁ%ﬁ a2 M Bifidobacterium animalis

B Bifidobacterium breve

B Bactercides vulgatus

[l Bactergides thetaiotamicron

B Clostridium sordelli

B Lactebacillus plantarum

[ Lactobacillus delbruekii

B Lactobacillus helveticus
Escherichia coli

B Streptococcus pyogenes

B Saimonelia enterica



