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rRNA hits; map to
genomes or to

functions; count hits
to gene/function;

NP




Community Composition Profiling

— 16s based Community Composition Profiling
* Pyrotags
 RDP pyro-pipeline
* Mothur
* Naive Bayesian classifier

— Random shotgun metagenome based Community
Composition Profiling
e Read based

— MEGAN
— Sequence Recruitment

* Contig/protein based
— AMPHORA



16s Based Community Composition Profiling

Limitations:
PCR introduced bias
Access to the DNA (preparation work)

* Phylochip
— Limited by probes on the microarray
— Relative abundance estimation

* Pyrotags (Pyrosequencing PCR amplified 16s rRNA)
— Homopolymer quality issues
— Shorter reads: targeted variable regions

e ji-tags (lllumina sequencing PCR amplified 16s rRNA)

— hard to find universally conserved flanking region immediately adjacent
to phylogenetically informative variable region

— region of high-quality sequence is very short (<76bp)
* reduced phylogenetic resolution
* more dependent on reference 16s database



Resources in 16S rRNA seguence analvsis

. Various 16S rRNA databases and resources available:

— RDPII Proj
— Greengen

— SILVA rRNA database project

ect
es

Available 16S rRNA databases (anuary 2008):

Database B1

A? | E3 | Alignment

positions

Number of
sequences

RDPII +
(http://rdp.cme.msu.edu/)

~53,000

~472,0004

ARB SILVA +

(http://www.arb-silva.de/)

~46,000

~504,000°

greengenes +
(http://greengenes.lbl.gov/)

7,682

~180,0008

" Bacteria, 2 Archaea, ® Eukarya, * including partial sequences; 5 >300 nt;  >1250 nt

silva¥

Welcome to the SILVA rRNA database project

A comprehensive on-line resource for quality checked and aligned
ribosomal RNA sequence data, free for academic use.

SILVA provides comprehensive, quality checked and regularly updated
databases of aligned small (165/185, S5U) and large subunit (235/285,
LSU) ribosomal RNA (RNA) sequences for all three domains of life
(Bacteria, Archaea and Eukarya)

The SILVA databases can be used for rapid rRNA sequence retrieval,
phylogenetic analysis, and the design of prabes and primers for
diversity analysis. They are fully compatible to the software package

For more background information -+ Click here

handiing and analysis of sequence S —
information. It was originaly / - \
developed for the analysis of s

ribosomal RNA sequences (165/185

& 235/285) but can easily be used for any kind of sequence
information.

ARB

The software package ARB
represents a graphically-oriented,

The ARB project has been started more than 12 years ago by Wolfgang
Ludwig at the Technical University in Munich, Germany, see 1

http://www.arb-

nm &}

Latest News
FRNA technology Workshop Handout ready for download
Registration for rRNA Workshop closed

Many thanks for the overwhelming feedback! With more than a 100% of
over-subscription and...

SILVA 93 now online

Have a look at the latest statistics...

Current database status

SSU Parc SSURef  LSU Parc LSU Ref

Minimal length 300 1200/900 300 1500
Quality filtering basic  stong  basic  strong
Guide Tree no yes yes yes
Release version 93 93 93 93
Release date 01.02.08 01.02.08 01.02.08 01.02.08
Aligned rRNA

566,047 224,967 102,021 10,128
sequences

silva.de/

ABOUT | ANNOUNCEMENTS | CITATION | CONTACTS | RESOURCES |

RELATED SITES

Release 9.59 :- Mar 5, 2008 :: 489,840 16S rRNAs
(More on Release 9 and monthly uvd
is available in the release notes.)

# roP video tutorials
RDP Analysis Tools

@ mYRDE - Align and Classiy your 165 rRNA Sequences. Use the ROP Pipeline to process sequence
fibraries from raw sequencer output to analysis.

Tree Builder Create a phylogenetic tree

= Hierarchy Browser - Browse a phylogenetic hierarchy and complle a list of 165 rRNA sequences for
download or use. Also browse by Publication or Genome

® Classifier - Assign 165 rRNA sequences to our taxonomical hierarchy.

= Library Compare - Compare two sequence libraries using the RDP Classifier.

® Sequence Match - Upload your sequence and search for its nearest neighbors.

® Probe Match - See what your probe targets in our database.

® Other Resources - Alignment files, ASM posters, user-submitted data.

® Release 8.1 - The old RDP site (Release 8.1) is still available, but uses an outdated dataset.

The Ribosomal Database Project (RDP) provides ribosome related data and services to the scientific
community, including online data analysis and aligned and annotated Bacterial small-subunit 165 rRNA

sequences
Sponsors:
) St s A s,
@ H y s o} it

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

News £

03/05/2008
K0P o, Update 9 Released: i elesse
includes a beta version of

Texomati visualzation o). Lmare]

08/08/2007
RDP 5, Update 53 Released using TOBA
Release 7.7 (The Taxanomic Outline of
Bacteria and Archaea). (more]

06/08/2007
ROP 9, Update 51 Released. It's now

‘completed genomes by searching with
the GenBank Project ID. [more]

04/03/2
RDP 5, Update 43 Released. Upgraded
Tree Builder now includes bootstrap
confidence estimates. [more]

03/22/2007
New video tutorials available in Flash,
Quicktime and Windows Media formats.

08/22/2006
Introducing simple chromatograms

d and research buddies to myRDP.
Quality fiter can be applied to view only
Good quality sequences. more]

03/23/2006
Batch retrieval by GenBank accession
umbers available.[more]

02/02/2006

downloading. The data and tools presented by greengenes can assist the researd

News:

+ Dr. Mike Dyall-Smith hes graciously made available his tutorial for installing Arb on the

+ We nave supplemented the greengenes (Hugenholtz) taxonomy Lsing 3 new automated curation tool, GRU
Danicl Salect T removes ok of he arumt mar indolued i group reming curaton. Feedback welcome via

We thank Jakob Fredslund for developing a tool, vert XML trees to Newick format

o pariular Shlogenetl incage” Have yau checked s daabase and nob
(Stouping, Ungroping, Naming Tooh deveioped by

‘The greengenes web application provides access to the current and comprehensive 165 rRNA gene sequence alignment for browsing, blasting, probing, and
her in choosing phylogenstically specific probes, nterpreting microarray.
results, and aligning/annotating novel sequences. If you are an AR user, you can Use greengenes to keep your own local database current.

faform. Tanks Mike
+ Graduste and postdocora elowships i plart-microbe nferactons ot the Goivereny o Ak it Lot Tayier are avera

+ Have you registered for the al S kteman, Gambans (Ao -5, 0087 Fomes mchue: Oatabases, Phylogery,
Campu(ahana\Tua\s, Sryiochios, and Eolog. Haps to mest you
+ We'have a posdactralpossin avaiabie fo s informaicet o Geion a microarray for detacton and anibiotic resistance profing of select bacteris pathogens.
Re
« Thank ycm il the poleclar icrbialEccogits who foined us i iscusing methods to analyze data and draw mesningfl conclusions. The n atthe
Fore Tools ; December'1o - 14, 2007 helped us carve ot uture werk o mprove the anlyas ielnes
+ Summer mm Greengenes Tutoril The anna iv tiorial for 155 rRNA gene ibrary analysis ook place on uly rekely Lab. Please contact
o4 have any fallow-up uestions.
[Abour ] + Sorng Phylochin Dota Analyeis PowNIoN Apr 25th, UC Berkeley) Notes: 1as were exchanged o how to explore data generated by the G2 PhyloChip. The hot
topic was how ta integrate PhyloChip output with a second matrix containing treatment categories, environmental abservations or patient history, as examples
Citation Alko, “aciues Ravel provided an aloha version of new software his TIGR team is developing for projecting multi-array experiments onto a phylageneti tree.
Attendees included researchers from LB, UCS, L, LLNL, and Affymelrix. Contact K</ DA el if you

ody has got it rigt we wil fix it

sheh e o e &
[y et i |
E, Browse taxonamic treeof your choice and mark nodes.
[+ Toxanomy | &a
B oo cequencerecods of your hoie
o @ ot "
Ghenang
i wi Speciy a Sice (ub-algnment) of the ok to view/dounload

empty My
Interest List

http://greengenes.lbl.gov/cgi-bin/nph-index.cgi



Overview of barcoded pyrosequencing workflow for rRNA-based community composition profiling

— =T .
e sl icsamplee sndisequenceion et ool
.g. FLX
tagged PCR primers Pifosequernicer(e:g: 6= ) sample it came from,

dropping low-quality reads

| K-mer based|

Trimming
O
o)
A
4+— < I; <
@)
° [
Use community clustering Build phylogenetic tree GtrOLg) {Slatfed :eque?ces Trirlr:' blarcodes and build
techniques (either OTU- using one representative in oI s for downstream rr;_u iple stett)quené:e
based or tree-based) to of each OTU: track which anesyses a |fgnmen ased on
relate samples to one parts of the tree came reierence sequences
another from which sample

| OTU based | | Tree based | Clustering Alignment

Homology based

©2009 by Cold Spring Harbor Laboratory Press .
Hamady M, Knight R Genome Res. 2009;19:1141-1152



Analysis Toolbox

K-mer based approach
— NBC
— Markov

OTU-based approach
— DOTUR: define & count OUT (distance matrix as input)

— SONS: measuring overlap between communities (OTU designation as
input )

— Estimate S - beta diversity index (Need abundance file for each OTU)
Tree-based approach

— S-LIBSHUFF (distance matrix as input)
— Treeclimber (phylogenetic tree as input)
— Unifrac (phylogenetic tree as input)

Patrick Schloss’ Mothur has most of these packages

SA Eichorst



Comparing community memberships and structures

16s SSU/
Blastn vs
HOMD

285 LSU
Silva training set

rRNA

Profile

Alignme
nt

Alienment Distance Top Blast
g Matrix output
Tree ® S
build

hylogenetic 01U

phylog Abundanc
tree

p
/
Treecrlimbe oS Estlmate
\v

Patrick Schloss’ Mothur

RDP has better GUI and plug-in
http://www.mothur.org/



RDP Pyrosequencing Pipeline

—r http://pyro.cme.msu.edu/
Raw
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RDP Pyrosequencing Pipeline

Pro:
*Including the initial process: sorting, trimming tag and primers,
removing low quality
*Aligner based on the 2" structure (Nawrocki & Eddy, 2007)
*Including complete-linkage clustering, formatted for downstream
analysis
*Including package for study community richness & diversity:
*Generating Shannon/Chaol
eJaccard/sorensen index
*Rarefaction curve
*Including the K-mer analysis: NBC and library comparison

Con:

*Only includes "Bacteria" and "Archaea" sequences, no Eukaryote
*No oral specific training set

eLibrary comparison only handle two samples at a time



K-mer based NBC and LANL-Markov classifier
* No multiple sequence alignment required
* Provide confidence estimates for each assignment.
* Tested on the leave-one-out cross validation (LOOCV)

* Different from RDP classifier, our Markov classifier assumes a

dependency on sequence reads
This page uploads a "16S rRNA" file (in fasta format) from

your machine and displays the results of the 16S Classifier.

Enter the file name to upload:

4 N\
[ Browse... )

Training set:
* HOMD
(ORDP

http://oralgen.lanl.gov/oralgen-tng/missimp.htm| (Upicad Fite )
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Community Composition Profiling

— 16s based Community Composition Profiling
* Pyrotags
* RDP pyro-pipeline
* Mothur
* Naive Bayesian classifier

— Random shotgun based Community Composition
Profiling
* Read based

— Sequence Recruitment
— MEGAN

e Contig/protein based
— AMPHORA



Read based approach: Sequence Recruitment

Sequence recruitment---align metagenomic reads against reference
genomes or genome fragments

Template
nnnnnnnnn (

Camnle ceantieoncaoc c)
24AllTpgIcC oTyyucTiitco DiqUCIIDC‘DI

@ Java parser

X
= (reducer)
o= —— =
c - —
© = R
| plotting

Template position, bp



Fragment Recruitment Service

http://oralgen.lanl.gov/oralgen-tng/FragRecruit.html

about fragment recruitment

Reference Genome: Selenomonas flueggei ATCC 43531
Query Metagenome: HumanGutCommunitySubject?

tabular data
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Mapping the metagenome reads to reference genomes
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Read based: lowest common ancestor

vs top blast approach

Top Blast hit:

—The poor representation of microbial diversity by sequenced
isolates

—remote matching to phylogenetically distant organisms or
the absence of any hits.

Such as MG-RAST, HOMD

Lowest common ancestor:
—All reads count
—Trace back to the lowest common ancestor of the set of taxa.

Such as MEGAN, AMPHORA



Contig/protein based: Automated pipeline for phylogenomic analysis
(AMPHORA)

Query
sequences

—— Two applications:

seed 1 :
;::g g Phylogenetic Marker Database 3
seed 4 M
seed 5 3SSHr Marker - BU|Id a genome
mask  1111111111100000000000011111111111111 multiple Ak
sequence
alignment t re e frO m 5 78
Select markers .
complete bacterial

Align and mask
Search against 9 ge n O m e S

representative
enomes

ji

Multiple sequence
alignment

— ldentify bacterial

phylotypes from
metagenomic data

4

Build masks

4

HMM

Steps in building a * Tree inference
Phylogenetic

Marker Database
Q,ﬁljl Wu et al 2008




AMPHORA Features

Fully Automated: in a pipeline

Can be used for phylogenetic analyses of single
gene or whole microbiomes.

31 pre-build phylogenetic marker genes

— Most are single copy genes within each genome

— Housekeeping genes

Profile HMM-based multiple sequence alignment
— High quality alignment according to seed alighment

— Reproducible

— Speed



A) N1 (MG-RAST)
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Summary: Community Composition Profiling

Approaches for studying the community composition
* Homology based

* Lowest common ancestor (MEGAN)

* Top blast hits (shotgun reads, 16s)

* Phylogenetic tree (31 house keeping gene)

 K-mer character based
e NBC
* Markov

Input data used:
e Targeted:

e 16s rRNA reads

e Other housekeeping genes
 Random shotgun reads



Combination of different strategies
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Bins are sets of metagenomic sequence fragments originating from
one phylogenetic group, preferably from the same species

7% identity

Phylotypes,

Strains (clonal 1solates),
. ( os) DNA sequence within the phylotype is at least 977 identical

DNA sequence within the strain is 100% identical

-




binning methods

» Binning methods developed can fall into

two categories (biology perspective):
o similarity-based
o composition-based

* From machine learning perspective,

binning methods can also be divided into

o supervised learning
o unsupervised learning



Biology perspective

» similarity-based
o Assigh metagenomic fragments to their closest
phylogenetic neighbor based on coding-sequence
identity.
o ex. BLAST, dotter

» composition-based
o Distinguish genomes from one another by
infrinsic features of the sequence.
o exX. olionucleotide frequencies, GC content



machine learning perspective

» Supervised learning
o Methods that build a classifier using the
knowledge of completed genomes
o (Chen et al., 2005 )Current amount of known
genomes is insufficient to represent the
almost limitless microbial.
* unsupervised learning
o Do not have dependence on training data
o Directly clustering metagenomic samples
o Focuses on the long fosmid-sized fragments



Binning methods matrix

Composition-based

PhyloPythia (IBM), 2007

b

MEGAN, 2007
|

Naive Basin

supervised

Similarity-based

S-GSOM, 2008

Fuzzy k-means
classifier, 2008

unsupervised

KL Liu



Metagenome Annotation

IMG/M-ER — the combined approach of BLASTX similarity search
and de novo gene prediction.

e 80-299 bp:

— MultiBLASTx against IMG-NR

— All frameshift fragments are joined afterwards.
* 300-699 bp:

— MultiBLASTx > GeneMark> Metagene.
e >700 bp:

— GeneMark>Metagene

MG-RAST —read based only
Top blastx hit to SEED (reference db) only



The Integrated Microbial Genomes (IMG) system
http://img.jgi.doe.gov

Analysis
Public Community
release Resources

6-12 monthsﬁ

Core Systems:
Maintenance

Internal
development

2 weeks@ on demand! !

N

Private Annotation
Communit | As | l ' E; = ]
AcceSS Resourcesy Imgler \ ' N Im /m %,er' \

Private Access
Educational




http://metagenomics.nmpdr.org/

MG RAS'I‘ Meta Genome Rapid Annotation
- using Subsystem Technology

The NMPDR, SEED-based, prokaryotic genome annotation service.
For more information about the SEED please visit theSEED.org.

The metagenomics RAST server (http://metagenomics.nmpdr.org) is a SEED-based environment that allows users to upload
metagenomes for automated analyses. The server is built as a modified version of the RAST server. The RAST (Rapid Annotation using
Subsystem Technology) technology was originally implemented to allow automated high-quality annotation of complete or draft microbial
genomes using SEED data, and has been adapted for metagenome analysis.

Our freely available server provides the annotation of sequence fragments, their phylogenetic classification, functional classification of
samples, and comparison between multiple metagenomes. The server also computes an initial metabolic reconstruction for the
metagenome and allows comparison of metabolic reconstructions of metagenomes and genomes.

User submission and analysis are confidential. Although we do not guarantee a maximum turnover time, the current average processing time is
about 24 hours. Currently the server handles 454 and Sanger sequence data. Data sets supplied by 454 can be uploaded directly.

The server relies on the technology and data established by FIG and the NMPDR team at Argonne National Laboratory and the University
of Chicago.

In addition to SEED data we use the following ribosomal RNA databases for our analyses: GREENGENES, RDP-II and European ribosomal RNA
database.

To be able to contact you once the computation is finished and in case user intervention is required, we request that you register with
email address.

Login I

Password I Login I

Forgot your password?
Register a new account
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