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Friedrich Miescher
(1844-1895)

1869: Miescher discovered DNA
in the kitchen of Tiibingen Castle
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“TRole of DNA
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1953 Watson and Crick

- The structure of DNA is a double helix

- It is the order of the bases along the molecule
that contains heredity information
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Sanger DNA Sequencing

Y— 1975 Frederick Sanger
V. oohr develops the “chain
g | termination method”

| ', method for DNA
l . ﬁz sequencing 4

e Sanger sequencing basis
of Genomics until 2005
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e Genomics is the study of the
genome sequence of individual

organisms
.. g it
C) oF d A ”{, ' =

e Genome sizes:
- Bacteria: 1-10 million bases (Mb)
- Drosophila: 140Mb
- Human: 3 billion bases (6b)
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Genome Sequencing Projects on GOLD
September 2009, 5643 projects

6000
5000
4000
| Incomplete
3000 O Complete

2000
1000
0 -
\qé\ \qq‘b \q@ (LQQQ (LQQ" @61' @65 @Qb‘ o @Q@ PO I

GOLD: Genomes online database
www.genomesonline.org
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Genome Projects on GOLD according to Phylogenetic Groups ©

September 2009 - 5831 Projects

zGenome Projects by Groups
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e A Genomic Encyclopedia for Bacteria and Archaea
- J6I/DSMZ project

1,200 B GEBA genomes
[l Pre-GEBA genomes
[ Organisms from the greengenes database
1,000 Organisms from the greengenes database
(excluding environmental samples)
- Systemaflcal|y % 800 F 120
o
>
sequence S 100
= 600
° L) 80
microbes from 5
o 60
>
underrepresented £ “of "
20
clades
200 - 5 R
0 400 800 1,200

0 5,000 10,000 15,000 20,000 25,000 30,000 35,000 40,000
Number of organisms

Dongying Wu et al, Nature, 2009
green

http://www. jgi.doe.gov/programs/GEBA/

workbench compatible with ARB
greengenes. Ibl.gov
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PD of a set of taxa: —————

e The sum of all -

branches on the "-E ;
phylogenetic tree =
that spans the set

(Faith, 1992) -
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J. Craig Venter,!” Mark D. Adams,’ Eugene W. Myers,] :
Peter W. Li,! Richard J. Mural,! Granger G. Sutton,! -
Hamilton O. Smith,1 Mark Yandell,1 Cheryl A. Evans,l

Robert A. Holt,I Jeannine D. Gocayne,I Peter Amanatides,I
Richard M. Ballew,l Daniel H. Huson,! Jennifer Russo Wortman,
Qing Zhang,1
Lin Chen,1 M !!iﬁ m
Paul D. Thom °
Catherine Nel
Joe Nadeau,5
Arnold J. Lev
Carolyn Slay:
Arthur Delch

1

Narwre 409, 860 - 921 (2001) © Macmillan Publishers Ltd.

International Human Genome Sequencing Consortium

The human genome holds an extraordinary trove of information about human development,

physiology, medicine and evolution. Here we report the results of
produce and make freely available a draft sequence of the human
initial analysis of the data, describing some of the insights that ca

2008:
1000 Genomes Project...

?
From One to Many...

SCIEMCE NOW  NEXT UWAVE SCIENCE'S STKE SCIENCE CAREERS

Initial sequencing and analysis ohuman genome

2001

Nature 15 February 2001

Letter

Accepted 6 January 2010

Complete Khoisan and Bantu genomes from southern
Africa

See associated Correspondence: Schlebusch, Nature 464, 487 (March 2010), Nature 464, 487 (March
2010)

Stephan C. Schusteri-lZ, webb Miller2Z, Aakrosh Ratani, Lynn P. Tomsho?, Belinda
Giardinel, Lindsay R. Kassonl, Robert S. Harris!, Desiree C. Petersen?, Fangqing Zhao?, Ji
QH, Can AlkanZ, Jeffrey M. Kidd2, Yazhou Suni, Daniela I. Drautzl, Pascal Bouffard?,
Donna M. Muzny2, Jeffrey G. Reid2, Lynne V. Nazareth2, Qingyu Wang?, Richard
Burhans?, Cathy Riemer, Nicola E. WittekindtZ, Priya MoorjaniS, Elizabeth A. TindallZZ,
Charles G. DankoZ, Wee Siang TeoZZ, Anne M. Buboltz, Zhenhai Zhang?, Qianyi Mal,
Arno OosthuysenZ, Abraham W. Steenkampil, Hermann Oostuisenll, Philippus Venteri2,
John Gajewskil, Yu Zhanat, B. Franklin Puahi, Katervna D. Makoval, Anton Nekrutenkol,
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Next-Generation Sequencing Technologies

Applied
Big?ystems

454 égjgncss )

e Fuelling a rapid growth of the number
and size of sequencing projects
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Advances in Sequencing Technologies

e First generation (Sanger sequencing):
- 100kb/run, read length 1000bp, 500$/Mb

e Second generation:
- Roche/454: 450Mb/run, 400bp, 20$/Mb
- Illumina: 356b/run, 100bp, 0.50$/Mb
- SOLiD: 506b/run, 50bp, 0.50$/Mb
- Heliscope: 376b/run, 32bp, <0.50$%$/Mb

e Third generation:
- PacBio SMRT: 256b/run, >1000bp, ?$/Mb

e Other:
- Ion Torrent: uses ion sensor, <100,000%
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SMRTTM Sequencing

Single Molecule Real Time Sequencmg

e Observes detached
fluorescent dye molecules

e Three protocols:

- Linear sequencing:
1kb reads, 10% deletion rate

- Circular sequencing:

e.g. 200bp reads, high quality
- Strobe sequencing:

e.g. 10 sections, each 100bp , each 500bp apart
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Sequencing No Longer the Bottleneck..

If we simply ran BLASTX on EC2...

$900,000

S $600,000

$300,000

$300,000 $240,000

$120,000

¥ Bioinformatics

$30,000 - ¥ Sequencing

$15,000

$3,000

105 1 ] 130 60 | |98 196 294 | GB
| ¥

454 Solexa  Next gen Solexa

* 95GB == 195,600 node hours (on Nehalem 8core, 16GB),

* [llumina HiSeq2000 = 2x100GB/run

* cost is purely BLAST, no storage or transfer cost

* values are in Amazon EC2 (from Wilkenina et al, IEEE Cluster09)

* note: 10x or 100x improvements over BLASTX will help, but not solve @
4

* prices from mid 2009

This slide kindly provided by Folker Meyer (Argonne National Labs)
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Major unsolved question: o
- Number of species on Earth?
- Cannot be answered even to within several orders of
magnitude
e Some estimations
- 3-50 million species of arthropods
- 1-100 million species of nematodes

EEava | Sl o]
rkeley.edu/arthropoda/arthropoda.html

Once the diversity of the microbial world
is catalogued, it will make astronomy

look like a pitiful science
- Julian Davies, Professor Emeritus, Microbiology and Immunology, UBC
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Iden'rlfled Modern Species

~1.7 million named species

e 287,655 plants, including:

- 15,000 mosses
- 13,025 ferns
- 980 gymnosperms
- 199,350 dicotyledons
59,300 monocotyledons
s 74 000-120,000 fungi

e 10,000 lichens

e 5,700 prokaryotes

Source: http://en.wikipedia.org/wiki/Biodiversity

e ~1,250,000 animals,

including:

- 1,190,200 invertebrates:
e 950,000 insects
e 70,000 mollusks
e 40,000 crustaceans
e 130,200 others

- 58,808 vertebrates:
e 29,300 fish
e 5,743 amphibians
e 8,240 reptiles
e 10,234 birds
e 5,416 mammals

Sequences for ~200,000
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Metagenomics

e "The study of the DNA of

uncultured organisms”
e > 99% of all microbes cannot be cultured

¢ A genome: www.innovations-report.de
- Entire genetic information of a single
organism
e A metagenome:

- Entire genetic information of a community of
organisms
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:’szypical Sources of Metagenomes
e Soil samples

e Sea water samples
e Seabed samples

e Air samples

e Medical samples

e Ancient bones

e Human microbiome




Rusch et al. (2007):
e 41 samples
o Size filtered 0.1-0.8um

e Sanger sequencing
- 7.7 million reads
- length ~822bp
- ~ 5.96b sequence

e Low abundance of clonal
organisms

Viruses i
o, Archae Alpha Proteobacteria 032
EUKag Osa 3.7% 2.7% Unclassified Proteobacteria 0.155

Gamma Proteobacteria 0.132

e = Yooseph et al. (2007):

Actinobacteria 0.046
Marine Group A 0.022

 — = o 6 million proteins

Unclassified Bacteria 0.008
Delta Proteobacteria 0.005

Bacteria

s T o - linear rate of discovery
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Gut Microbiota

http://en.wikipedia.org

e Turnbaugh et a/ (2006) e Obesity-associated

e Caecal microbial DNA of gut microbiome
ob/ob, ob/+, +/+ mice - Change in relative

e Sanger sequencing: abundance of
- 39.5 Mb Bacteroidetes and
- read length 750 bp Firmicutes

e 454 sequencing: - Change in functional

- 160 Mb CGPGC”’Y (toward energy
- read length 93 bp harvesting)

d ob1 ob1 ob2
vvvvvvvvvvvvvvv

lean1 lean1 lean2
KEGG category (3730) (520) (3730) KEGG pathway
Carbohydrate Citrate cycle*
Pentose/glucuronate interconversions™
Galactose metabolism
Starch/sucrose metabolism*
C5-branched dibasic acid metabolism*

Energy Reductive carboxylate cycle

Pyruvate/oxoglutarate oxidoreductases
Lipid Glycerolipid metabolism™*
ino acid Phe, Tyr and Trp biosynthesis*
Other amino acids B-Ala metabolism

Glycan Lipopolysaccharide biosynthesis*

Glycosphingolipid metabolism*
Transcription Unclassified transcriptional regulators™

Folding/sorting/degradation
Membrane transport
Cell motility

Type |ll secretion system
ABC transporters*
Flagellar assembly*
Bacterial motility proteins
Sporulation*

Cell growth and death
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Mammoth Project
e DNA collected from
ermafrost mammoth
28,000 years old)
e DNA extracted from 1
e 454 sequencing:
- ~302,000 reads
- ~95 bp length
e > 50% mammoth

Metagenomics to Paleogenomics:
Large-Scale Sequencing of
Mammoth DNA

Hendrik N. Poinar,>?3* Carsten Schwarz, > Ji Qi,* Beth Shapiro,5 Ross D. E. MacPhee,®
Bernard Buigues,7 Alexei Tikhonov,® Daniel H. Huson,’ Lynn P. Tomsho,* Alexander Auch,’
Markus Rampp,*® Webb Miller,* Stephan C. Schuster**

Taxonomic analysis

(predicted to align)
9.08% \

B Other Eukaroyta
4.1

T Archaea |
0.24

B Mammoth (alignable
elephant)
45.43%




1ARD KARLS
UNIVERSITAT
Tosr

A:]|

e Urich et al (2008): L o v Commanity !

w
o

Structure and Function
- through Analysis of the
S Meta-Transcriptome

N
o

- RNA randomly reverse
transcribed into cDNA

- NO PCR or Cloning PLoS ONE 2008 vol. 3 (6) pp. e2527 ﬁ
- 454 sequencing:
e ~ 250,000 sequences )
d rRN
e ~ 98 bp length
- RNA types: . e
e ~ 75% rRNA tags
o ~ 8% mRNA tags
e ~ 17% unassigned

_‘ - N
w o

o

Tim Urich, Anders Lanzén, Ji Qi, Daniel H Huson,

% ribo-tags (phylum-resolution)

o n

10%
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Large-Scale Human Gut Analysis

Vol 464 & March 2010 doi:10.1038/nature08821 nature

ARTICLES

A human gut microbial gene catalogue
established by metagenomic sequencing

Junjie Qin**, Ruigiang Li'*, Jeroen Raes™’, Manimozhiyan Arumugam’, Kristoffer Solvsten Burgdorf®,
Chaysavanh Manichanh’, Trine Nielsen®, Nicolas Pons”, Florence Levenez®, Takuji Yamada®, Daniel R. Mende’,
Junhua Li', Junming Xu’, Shaochuan Li', Dongfang Li"", Jianjun Cao’, Bo Wang', Huiqing Liang ', Huisong Zheng',
Yinlong Xie'”, Julien Tap®, Patricia Lepage”, Marcelo Bertalan®, Jean-Michel Batto®, Torben Hansen®, Denis Le
Paslier'”, Allan Linneberg'’, H. Bjern Nielsen’, Eric Pelletier'”, Pierre Renault®, Thomas Sicheritz-Ponten’,

Keith Turner'?, Hongmei Zhu', Chang Yu®, Shengting Li', Min Jian', Yan Zhou’, Yingrui Li', Xiuging Zhang',
Songgang Li‘, Nan Qin’, Huanming Yang', Jian Wang', Seren Brunak®, Joel Doré®, Francisco Guarner®,

Karsten Kristiansen™®, Oluf Pedersen®'?, Julian Parkhill'?, Jean Weissenbach*®, MetaHIT Consortium#, Peer Bork’,
S. Dusko Ehrlich® & Jun Wang''*

To understand the impact of gut microbes on human health and well-being it is crucial to assess their genetic potential. Here
we describe the lllumina-based metagenomic sequencing, assembly and characterization of 3.3 million non-redundant
microbial genes, derived from 576.7 gigabases of sequence, from faecal samples of 124 European individuals. The gene set,
~150 times larger than the human gene complement, contains an overwhelming majority of the prevalent (more frequent)
microbial genes of the cohort and probably includes a large proportion of the prevalent human intestinal microbial genes. The
genes are largely shared among individuals of the cohort. Over 99% of the genes are bacterial, indicating that the entire
cohort harbours between 1,000 and 1,150 prevalent bacterial species and each individual at least 160 such species, which are
also largely shared. We define and describe the minimal gut metagenome and the minimal gut bacterial genome in terms of
functions present in all individuals and most bacteria, respectively.

» 576Gb of sequence from 124 individuals



HARD KAR

TuBIN

IIIIIIIIII

Ty ¢
Contents

e Computational questions

5



EBERHARD K
TTTTTTTTTT
Tu

I .
Metagenome Analysis

| S L e T "y
R N ———— % High-throughput
- W i DNA sequencing

® Yo .

Environmental
sample

10 million sequences

=1 | ;
_ » s
1

Basic computational
analysis
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http://en.wikipedia.org

www.compostinfo.com/tutorial/microbes.htm



e How to cluster reads by relatedness
(using machine learning techniques)?

e How to assemble metagenome data?
e Gene prediction?
e Faster sequence comparison

e efc

5
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“Three Basic Computational Questions

e Who is out there?

e Types of organisms
e In what proportions?

e What are they doing?

e Types of genes
e Which metabolic pathways?
e In what proportions?

e How do different samples compare"
e Pairwise and multiple comparisons
e Correlations with environmental
parameters?

e Serve to answer biological or medical questions
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Three Basic Computational Questions

e Who is out there?

e Types of organisms
e In what proportions?

www.compostinfo.com/tutorial/microbes.htm
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Two main approaches:

e Targeted sequencing:

- Sequence a specific gene, usually 16S rRNA,
and place reads into a reference phylogeny

e Metagenome sequencing:

- Randomly sequence DNA (or RNA) and then
place reads into the NCBI taxonomy based
on similarity to reference sequences
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Who is Out There?

Main tool: Similarity search

For every DNA (or cDNA) read:

e Find significant matches to sequences in
a reference database

e Use matches to place read in NCBI
taxonomy

5
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Huson et al,

2007
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» Deinococcus radiodurans R1 score=90.9
» Deinococcus radiodurans R1 score=90.1

»_Dai
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‘MEGAN - MEtaGenome ANalyzer

MEtaGenome ANalyzer

Original design by D.-H. Huson & Stephan C. Schuster

With contributions from D.C. Richter, P. Rupek,
H.-J. Ruscheweyh, S. Mitra, A.F. Auch & J. Qi

www-ab.informatik.uniztuebingen.de/softWare/megan
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Written by Daniel H. Huson
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e Interactive tool for metagenomic analysis
(Version 4, to be released Nov 2010)

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

Reads=7353 Assigned=3755

- 1137 of 2796M



! ! Interactive

analysis and
@ @ m visualization
- enomes
Similar for

‘metatranscriptomics Reference databases
‘metaproteomics

-amplicon sequencing



Metagenome analysis BLASTX
against

Basic idea: compare reads against
references sequences of known NCBI-NR
species and/or function

ompariso

S
equence dota

compariso

Identify homologous

Interactive
v v
reference genes analysis and
>gi|57241447 |ref|zP_00369393.1| flagellar @ m visualization
motor switch protein [Campylobacter lari g€ nes

RM2100] . y - '

Score = 33.9 bits (76), Expect = 1.8

Identities = 13/26 (50%), Positives = Refer,ence da.'.abases

19/26 (73%)

Query: 79 LMFVFDDLATVEENGIREIINRADKK 2
LMF FDD++ + N IRE++ ADK+
Sbjct: 243 LMFTFDDISQLSTNAIREVLKAADKR 268

5




Sequence Comparison

DNA Read

.—’ ACTGTGCACGTTGACGTAAGTTT. . .CGTGT

Align to reference sequences, e.g.
BLASTX against NR database:

+ N IRE++

e Indicates gene content:

Daniel Huson © 2010

[Campylobacter lari RM2100 ]

39
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Taxonomic Placement Using LCA

A:1|

A read will often match more than one database entry:

*Campylobacter fetus

° Campylobacter jejuni

Campylobacter

° Campylobacter coli RM2228

m={Campylobacter lari RM2100 ) e

LCA

(Campylobacterale

He obacter’_

*Helicobacter pylori J99

elicobacter hepaticus ATCC 51449 )<=

Helicobacterad 2ae

/;§i|57241447|ref|ZP_00369393.1 flagellar motor switch proteinFliG“\
[Campylobacter lari RM2100]

Score = 33.9 bits (76), Expect = 0.01

Identities = 13/26 (50%), Positives = 19/26 (73%)

Query: 79 LMFVFDDLATVEENGIREIINRADKK 2
LMF FDD++ + N IRE++ ADK+
Sbjct: 243 LMFTFDDISQLSTNAIREVLKAADKR 268

*Campylobacter upsaliensis RM3195 —

)

/;éil32262158|gb|AAP77207.1| flagellar motor switch protein FliG A‘\
[Helicobacter hepaticus ATCC 51449]

Score = 33.5 bits (75), Expect = 0.01

Identities = 13/26 (50%), Positives = 20/26 (76%)

Query: 79 LMFVFDDLATVEENGIREIINRADKK 2
+MF F+D++ ++ N IREI+ ADKK
Sbjct: 244 MMFTFEDISKLDNNAIREILKIADKK 269

)

/:§i|34484004|emb|CAE11000.1| FLAGELLAR MOTOR SWITCH PROTEIN FLIG “\
[Wolinella succinogenes]

Score = 32.7 bits (73), Expect = 0.01

Identities = 13/26 (50%), Positives = 19/26 (73%)

mm=((Wolinella succinogenes )<

————OThiomicrospira denitrificans ATCC 33889

New, unknown species )

Query: 79 LMFVFDDLATVEENGIREIINRADKK 2
+MF F+D+ ++ N IREI+ ADKK

\ijCt: 242 MMFTFEDIEKLDNNAIREILKVADKK 267 Al/

LCA approach: Assign read to LCA of hits in taxonomy
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Taxonomic Placement Using LCA
e For each DNA read:

- Determine which gene sequences it matches

- Corresponding species are assumed to contain
the gene

- Place read on the LCA of species

e Is placement by gene content or
phylogenetic footprint

e Robust against false positive placements

e Robust against (known cases) of
horizontal gene transfer
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Minimum Support Filter

Chroococcales

Cyanobacteria|

Trichodesmium erythraeum IMS101
Microcoleus chthonoplastes PCC 7420
Lyngbya sp. PCC 8106

Nostocaceae Nostoc sp. PCC 7120

Nodularia spumigena CCY9414
Prochlorococcus marinus
Acaryochloris marina MBIC11017

Oscillatoriales

e Require at least e.g. 50 reads on a node
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Taxonomic Analysis using NCBI Taxonomy

Taxonomy browser (Fungi)

PN PN - N " N . = B .
N‘ B I *axO no my : u " ] w w = http://www.ncbi.nlm.nih.gov/Taxonomy/Browser/wwwtax.cgi?mode=Tre - Q. @l

[ News (i} Mac News Tabs 47 Headlines 4” GMail 47 ASK (2 AB 4 ZBIT 47 Via [7]jdoc 47 LSF 4 Backup 4” MoMiKollog 47 cite
[%) JFreeChartDoc 47 modul 4 LaTeX - Wikibook 47 Mail 4” Songza 47 IEEE (3 GBi
Contai 1 '
e conTains all species .
Search for as | complete name [+] @ lock
represented by e e

Taxonomy 0
Browse

Genome Structure PMC

B
O O EST [ ide GSS (J Protein O structure (O Genome Sequences (J
(O Popset ([ sni () 3D Domains ) Domains [ (O GEO Expressions [ UniGene
D unists [ PubMed Central () Gene O O omia [0 sRAExperiments [ MapView
[ Linkout [} BLAST [} TRACE
S o m e s e q u e n C e Lineage (full): root; cellular organisms; Eukaryota; Fungi/Metazoa group

o Fungi (fungi) Click on organism name to get more information.

o Blastocladiomycota
o Blastocladiomycetes
« Blastocladiales
o environmental samples
= uncultured Blastocladiomycota

e >560,000 nodes e

¢ Cladochytriales
« Lobulomycetales

« Rhizophydiales
° « Spizellomycetales
e (2007: 280,000 nodes) © Monob s
’ + Monoblepharidales
o unclassified Chytridiomycota
= Chytridiomycota sp. Mori Alga2
= Chytridiomycota sp. Mori B3
= Chytridiomycota sp. Mori T21
= Chytridiomycota sp. Mori T23
o environmental samples
= uncultured Chytridiomycota
[ ] [ ] [ = uncultured rhizosphere chytridiomycete
‘ K l n ' ' ‘ a me = uncultured Spizellomyces
o Dikarya
o Ascomycota (ascomycetes)

« Saccharomyceta
« Taphrinomycotina
ver For Green i e
« unclassified Ascomycota
* Ascomycota incertae sedis

Soup... (and more =
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Organize and
Visualize

v Use NCBI
taxonomy to bin
sequences by
evolutionary
relatedness of
organisms

A pomain-

o O O

155_PE_1_fixed-paired.rma* - [2] - MECAN

ZBIT

S8 8 $ L B eteEE # OSmmn QL &5

root(

cellular organisms

Ounclassified Bacteria

Proteobacteria

Bacteria

(OPlanctomycetes
OSpirochaetes

Bacteroidetes/Chlorobi grou

OFirmicutes
<:° Deinococcus-Thermus
OFusobacteria

(OCyanobacteria

CNitrospirae

OChloroflexi

(OActinobacteria
OTenericutes

OThermotogae

Archaea ,—OEuryarchaeota

OAquificae
(OChlamydiae/Verrucomicrobia

oCrenarchaeota

Eukaryota

oNanoarchaeota
OViridiplantae
(OAlveolata

OEuglenozoa
OFungi/Metazoa group
OParabasalia

OAmoebozoa

{

|

(_ )Not assigned

(_)No hits E

OViruses U

Taxa=33 -

Reads=51246 Assigned=28399 MinScore=35.0 TopPercent=10.0 MinSupport=5 disabledTaxa=9

+ 1232 of 1864M

Taxonomic analysis of 50,000 reads
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ZBIT

SDLH $ L ese 5 otoe=éE M OSmm [T &6

Organize and

Cystobacterineae

(" )Gammaproteobacte’ |

Myxococcales s

®Myxococcaceae

oStigmatella aurantiac_

Visualize

Desulfmib:ianales_i—'

Desulfovibrio _______.pecyifovibrio vulgari:
I

©Plesiocystis pacifica !

©Desulfovibrio salexig

De:.ulfobacteraceaeI

oDesulfonatronospira

v

Use NCBI

Desulfgbacterales ®

f?esulfococcus oleowvi

@Desulfobacterium at

. |
Deltaprateobacterig

s&};lfatibacillum alk

taxonomy to bin

0]
ODesulfotalea psychrc

sequences by
evolutionary

Desulfuromonadales

Pelobacter ————0pe|obacter carbinolic

I

—OGeobacter metallirec
%eobacter ’——OGeobacter sp. FRC-3

)

ODesulfuromonas ace

°Pelobacter propionici

relatedness of

U/

—

OGeobacter uraniiredu
°Geobacter lovleyi SZ
°Geobacter bemidjien:

oBdellovibrio bacterioy

organisms

©delta proteobacteriul

yntrophus aciditrop
Epsilonproteobacte
etaproteobacteria

OMagnetococcus sp. |

OMariprofundus ferrot

v GDEG1CX11G0Qz8.1 [9]

DATA [length=233]

Desulfobacterium autotrophicum HRMZ score=46.6

nclassified Bacteria
Bacteroidetes/Chlot
Planctomycetes

OSpirochaetes

marine gamma proteobacterium HTCCZ148 score=45.8

@Nitrospirae

Nitrosococcus oceani AFCZ7 score=45.1

OFirmicutes

°Deinococcus-Thermt

OFusobacteria

Roseovarius sp. 217 score=42.4
Nitrococcus mobl ] Nt COY

Chloroflexi
Cyanobacteria

Actinobacteria U

OTenericutes

OThermotogae

|
|
|
|2
p» Nitrosococcus oceani ATCC 19707 score=45.1
|
|
|
|
|

OAquificae

(OChlamydiae/Verruco

Archaea —Euryarchaeota

©Crenarchaeota
l—/QN'gn.oarchaeota

PRES

Y T >l

’ Taxa=114 -

Reads=51246 Assigned=28399 MinScore=35.0 TopPercent=10.0 MinSupport=5 disabledTaxa=9

+ 1201 of 1864M

Taxonomic analysis of 50,000 reads
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155_PE_1_fixed-paired.rma* - [2] - MEGCAN

In'l'ernacﬁl' and S@B 8 § g e HIIl otociel & OSMMAD TILIE £k
Summarize o reenataa

Deltaproteobactena

h d delta/ep<||0n ubdivi Campylobacterales
v Searc for' noaes Proteobacteria obama_ nclassified Epsilonproteobacter

)71

/,
. 4 lSquurovum sp. NBC37-1
of interest mmf,,upm,
(ONautiliales
(C)Betaproteobacteria

Ounclassified Proteobacteria
OZetaproteobacteria
Bacteria Qunclassified Bacteria
_C ) OBacteroidetes/Chlorobi group
(OPlanctomycetes

OSpirochaetes
CNitrospirae
OFirmicutes

) °Deinococcus-Thermus
,_ ©Fusobacteria
root () OChloroflexi
(OCyanobacteria M/
OActinobacteria
OTenericutes
OThermotogae
OAquificae
(OChlamydiae/Verrucomicrobia gr
I—OEuryarchaeota

©Crenarchaeota
|—°Nanoarchaeota S
Viridiplantae OStreptophyta E

lular organisms

Archaea

\ Taxa=53 ~ Reads=51246 Assigned=28399 MinScore=35.0 TopPercent=10.0 MinSupport=5 disabledTaxa=9 ~ 1076 of 1864M

Taxonomic analysis of 50,000 reads
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000 Inspector - 155_PE_1_fixed-paired.rma - [2] - MEGAN

o
v 155_PE 1 fixed-paired.rma
v Sulfurovum sp. NBC37-1 [5917]
GDEG1CX11G3K5K.2 [6]
GDEG1CX11G2QRJ.2 [100]
GDEG1CX11GZA6G.2 [22]
GDEG1CX11GTWQ6.1 [100]
GDEG1CX11G2DYH.1 [100]
GDEG1CX11G14WB.2 [1] Dactet
GDEG1CX11GZZGJ.1 [13]
GDEG1CX11G104U.1 [1]
GDEGICX11GWIOM.2 [22]
GDEG1CX11GYO2L.2 [5]
GDEG1CX11G25H0.2 [100]
GDEG1CX11GY5Q9.1 [10]
GDEGICX11G1VMN.2 [1]
GDEG1CX11GZR4E.1 [27]
GDEG1CX11GZR4E.2 [100] [/
GDEG1CX11G1W26.1 [100]
GDEG1CX11G1L5B.2 [4]
GDEG1CX11G1Y2D.1 [1]
GDEG1CX11G0Q6M.1 [100]
GDEG1CX11G2DJ2.1 [36] loup
[V DETR [lengen=z3r]
>GDEG1CX11G2DJ2.1 length=299 xy=2780_1424 region=11 run=R 2010_03_03_14 54 %
TTTTAGAGATAGAAATTATCCCAGACTTAGGAGTAGCCATAGACGAACTTTTCGCTGCAATAGACAAAAGTARAATY
v Sulfurovum sp. NBC37-1 score=80.5
>ref|YP_001357841.1| hypothetical protein SUN_0524 [Sulfurovum sp. NBC37-1]
dbj|BAF71484.1| conserved hypothetical protein [Sulfurovum sp. NBC37-1]
Length = 87

EBERHARD KARLS » l
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~

J|

v Search for nodes
of interest

v Inspect sequences
assigned to a
node

dVVVVVVVVVVVVYVVYVYVYYYY

lular or« Score = 80.5 bits (197), Expect(2) = 8e-22
Identities = 36/51 (70%), Positives = 47/51 (92%)
Frame = +2

Query: 74 NATKEQEEDLEEMRDMRTECFSIIEELGRDELEAEEIDELLAELVEMKTEE 226
rc NATKEQ+EDLEEMR+MRTECF+I+EE+ +DEL+ EE +ELL ELV++KT+E
Sbjct: 35 NATKEQKEDLEEMREMRTECFAIVEEIKKDELDEEEAEELLTELVDLKTDE 85

Score = 46.6 bits (109), Expect(2) = 8e-22
Identities = 23/32 (71%), Positives = 27/32 (84%)
Frame = +3

Query: 3 LEIEIIPDLGVAIDELFAAIDKSKMPQKNKKK 98
LE+EIIPDL VAIDELFAAIDK+K K +K+
Sbjct: 11 LELEIIPDLEVAIDELFAAIDKAKNATKEQKE 42

Strongylocentrotus purpuratus score=37.0 ia gr
Drosophila erecta score=35.8

Rattus norvegicus score=35.8 E
Algoriphagus sp. PR1 score=35.4 3

v VYyVvYyYyvyYY

Gallus gallus score=35.0
[ D < »l

| | Viridiplantaer (OStreptophyta v

Taxa=53 ~ Reads=51246 Assigned=28399 MinScore=35.0 TopPercent=10.0 MinSupport=5 disabledTaxa=9 ~ 1076 of 1864M

o e 0 Taxonomic analysis of 50,000 reads .
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Interact and
Summarize

v Search for nodes
of interest

v Inspect sequences
assigned to a
node

v Collapse and un
-collapse parts of
the tree

~

155_PE_1_fi

xed-paired.rma* - [2] - MECAN

S@LH% $ Lo HI oteEE H OSmm [T ER

OAIphaproteobacteria

Gammaproteobacteria

OMyxococcales

Desulfovibrig————pesulfovibrio vulgaris
Depulfovibrionales—

[

©Desulfovibrio salexigens DSI

Desulfobacteraceael
'Y

©Desulfonatronospira thiodis
ODesulfococcus oleovorans H

Desulfobacterales [ T

(ODesulfobacterium autotropt
©Desulfatibacillum alkenivora

ODesulfotalea psychrophila L

Deltaproteobacteria
'

esjulfuromonadales

ODesulfuromonas acetoxidan
Pelobacter—————OPelobacter carbinolicus DSM

e oPelobacter propionicus DSM
————0OGeobacter metallireducens (
Geobacter °Geobacter sp. FRC-32

OGeobacter uraniireducens Ri
°Geobacter lovleyi SZ
°Geobacter bemidjiensis Bem

oBdellovibrio bacteriovorus H

odelta proteobacterium MLM!

Bacteria

©Syntrophus aciditrophicus SI

Campylobacterales

ular organisms

Sulfurovum sp. NBC37-1

Epsilonproteobacteria . ﬁo unclassified Epsilonproteobacteria (miscellaneous
unclassified Epsilonprote eria

Nitratiruptor

ONautiIiaIes

OBetaproteobacteria

O

O unclassified Proteobacteria

root O (O Zetaproteobacteria
| (O unclassified Bacteria
[ C J4 >
Taxa=114 - Reads=51246 Assigned=28399 MinScore=35.0 TopPercent=10.0 MinSupport=5 disabledTaxa=9

axonomic ana

+ 1063 of 1864M

ysis o )
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Interact and
Summarize

o OO

155_PE_1_fixed-paired.rma* -

[2] - MECAN

7111”

S0L 8 § Leee S otos=éE M O SmmE TR £k

Search for nodes
of interest

Inspect sequences
assigned to a
node

Collapse and un
-collapse parts of
the tree

Lo aAlanimdea

axa - 155_PE_1_fixed-paired.rma - MEGAN
teria

& [LE] $ & e09¢ [B] Bags” E % T sync

Taxa identified for '155_PE_1_fixed-paired.rma’

B EE

[ 293)

unclassified P,

Gammaproteobacteria
,157)

Proteobacteria

-

( JAlphaploteobacterial
Ass=38,
?um 293,
Olgammlnroteobacterlal
Ass=323
—%um 1157
O elta/dpsilon subdivisions
'Ass=105,

Sum=1172

Sum=150,

{Olunclassified Proteobacterial

Ass=0,
Sum=20,

EO etaEroleobacte ria
Ass=0,

O unclassified Bacteria

O Bacteroidetes/Chlorobi group

OPlanctomycetes

O Spirochaetes

(Y
N

O Nitrospirae

OFirmicutes

O Deinococcus-Thermus

O Fusobacteria

OChIoroerxi

Y4 »

PRS

C

~ 1098 of 1864M

subdivisions (11,729)

155_PE_1_fixed-paired

- 1058 of 1864M

5 | [e

Taxa=6

Reads=51246 Assigned=28399 MinScore=35.0 TopPercent=10.0 MinSupport=5 disabledTaxa=9

Taxonomlc analysis of 50,000 reads
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Capture

v Capture all

sequences (and/or
their matches)
assigned to
selected nodes

m ’/'\l m

) Extract by Taxa - 155_PE_1_fixed-paired.rma - [2] -

2
=

o ‘megan.main.Megan Edit Select Layout Options Tree Window -
F.Q;o_d [ New... #N
S088 § Lo EHN
= = Open___ ®¥0 e e e e e S T T e T =
=3 Open from Database...
= open Recent S O Helicobacter cinaedi CCUG 18818
[ Save As...
——O Helicobacter pullorum MIT 98-5489
@ Open Web...
O —OWoIinelIa succinogenes DSM 1740
& Import from BLAST... 030

@& Assignments... " DSM1251

ﬁ Export Image... Export reads to a FastA fi

i Reads...

& Page Setup... # Matches...
& Print... #8P biont 6C6
) i Summary...
wroteobacteria A @ C %M
ompare... / :lQE
ulfurovum sp. NBC37-1|
~ Extract Reads By Taxa... IAss=5917,
Extract Reads By COGs... ) Nitratiruptor sp. SB155-2
Ad Extract Reads By Subsystems...
& Import CSV.. ——CNautilia profundicola AmH
@ Tools > ——(Caminibacter mediatlanticus TB-2
[ Properties...
——O Neisseria
> Close #W

oBurkholderiales Genera incertae sedis

MEGAN

O Burkholderia cepacia complex

Output files

Directory: [Users/huson/data/megan

O Burkholderia pseudomallei

[ Browse... )

File name: reads-%t.fasta

V! Include Summarized

OBurkholderia graminis C4D1IM

O Polaromonas

oOxalobacteraceae

( Close ) ( Execute )

O Dechloromonas aromatica RCB

O Aromatoleum aromaticum EbN1 Y
v

[T =5l

[ Taxa=1204 - Reads=51246 Assigned=28399 MinScore=35.0 TopPercent=10.0 MinSupport=5 disabledTaxa=9 ~ 987 of 1864M )/

Taxonomic analysis of 50,000 reads
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Three Basic Computational Questions

e What are they doing?

e Types of genes
e Which metabolic pathways?
e In what proportions?




{ARD KARLS

TuBIN

IIIIIIIIIIII

S |
Identifying Taxa and Genes

Metagenome analysis BLASTX
- , against
Basic idea: compare reads against NCBI-NR

references sequences of known
species and/or function

S\
\\
A\

[ |
Interactive

A\ 4 \ 4
analysis and
m @ m visualization
- enomes

Reference databases

5
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Functional Analysis using SEED

e The SEED classification assigns genes to
functional roles in subsystems

e A subsystem is a set of functional roles that
implement a specific biological process or
structural complex

e RAST and MG-RAST: Rapid annotation
using subsystem technology

e Graph has ~10,000 nodes and edges

o www.theSEED.org

Overbeek et al., Nucleic Acids Res 33(17), 2005
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Example of a Subsystem

Salvage /B .

[ Cysteine metabolism ]

Central Carbon || Fatty Acid
metabolism || metabolism

[KPRED|or[KARED|

ATP ADP
BRCRY—(Con)
UNIVERSAL PATHWAY
: I in E.coli I L _Key intermediates
present in 5.coli 1 L-Aspartate VI D4 Phosphopanlothmalc
|pment in H. sapl'eld II | beta-Alanine VII  L-Cysteine
L 3-Methyl-2-oxobutanoate  VIII (R)-4'-Phosphopant-Cys |
Imﬁm | IV 2-Dehydropantoate IX Pantetheine 4'-phosphate
|V [(R)-Pantoate X Dephospho-CoA

NADP | |absentinboth |

BS Pantothenate (Vitamin BS) CoA Coenzyme A

Subsystem: Coenzyme A Biosynthesis

1_|ASPDC | Aspartate 1-decarboxylase (EC 4.1.1.11)
ADPH 2 |KPHMT|3-methyl-2-oxobutanoate hydroxymethyltransferase (EC 2.1.2.11)
I 3 |KPRED | 2-dehydropantoate 2-reductase (EC 1.1.1.169)
| THF 4 | KARED|Ketol-acid reductoisomerase (EC 1.1.1.86)
S _|PBAL |Pantoate--beta-alanine ligase (EC 6.3.2.1)
5,10-Methy- |PANF _|Pantothenate:Na+ symporter (TC 2.A.21.1.1)
lene-THF, [PANK | Pantothenate kinase (EC 2.7.1.33)
i Beitons H,0 8 |PANK2 |Pantothenate kinase type II, eukaryotic (EC 2.7.1.33)
| \ 9 |PANK3 | Pantothenate kinase type III, CoaX-like (EC 2.7.1.33)
: 10 [PPCS_|Phosphopantothenoyleysteine synthetase (EC63.25)
Aspartate and | | Branched-chain 1 1 |PPCDC | Phosphopantothenoylcysteine decarboxylase (EC 4.1.1.36)
beta-alanine || amino acid 12 |[PPAT _|Phosphopantetheine adenylyltransferase (EC 2.7.7.3)
metabolism metabolism ¥ 5 =

713 1PPA'I‘2 ]Phosphopamcthcmc adenylyltransferase, type II cukaryo;c (EC 2.7.7. 3)

114 |[DPCK | Dephospho-CoA kinase (EC 2.7.1.24)

Coenzyme A Biosynthesis Subsystem
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Organize
and Visualize

Functional analysis

vUse SEED
classification to bin
sequences by
subsystems

The SEED

Home of the SEED.

ww.Theseed.or'g

SEED: Overbeek et al.,
Nucleic Acids Res 33 (17), 2005

2 ar e

Functional Analysis (SEED) - 155_PE_1_fixed-paired.rma* - [2] - MECAN

S5& wewg 3 S & TulAd OS Ml

OCarbohydrates
‘Photosynthesis
OCofactors, Vitamins, Prosthetic Groups, Pigments
Virulence

OSulfur Metabolism
(OStress Response
; ;Protein Metabolism
ORNA Metabolism
OMotility and Chemotaxis

OSecondary Metabolism
OAmino Acids and Derivatives
(ONitrogen Metabolism
OCIustering-based subsystems
(OFatty Acids, Lipids, and Isoprenoids
(ONucleosides and Nucleotides
(O)Cell Wall and Capsule

OMetabolism of Aromatic Compounds
ODNA Metabolism

©Phages, Prophages, Transposable elements
(OMembrane Transport
ORespiration

OMiscellaneous
(Ocell Division and Cell Cycle

‘Dormancy and Sporulation
(ORegulation and Cell signaling
(OPhosphorus Metabolism

oPotassium metabolism
Not assigned
No hits

€ ———— Y

<>

SEED terms=30 -

Reads=51246 Assigned=8890 + 1272 of 1864M “

SEED analysis of 50,000 reads
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Organize
and Visualize

Functional analysis

vUse SEED
classification to bin
sequences by
subsystems

v... and by functional
roles

www.theseed .org

SEED: Overbeek et al.,
Nucleic Acids Res 33 (17), 2005

~ ™

Functional Analysis (SEED) - 155_PE_1_fixed-single.rma* - [2] -

MECAN

Boevos S EHIM M TIMOS

ERIET

»

A:1|

ViiIuIiclILCT
U ulfur Metabolism

hesis_and_gamma-glutamyl

Rubren

Oxidative_s

cycle —Glutathione svnthetase (EC 6.3.:

Oxidative stress
| Yy

nitric oxide reductase activity
*Glutathione reductase (EC 1.8.1.

\

. Gartr)\ma ?‘Iutamyltranspeptldase
hrin [—ORu rervthrin
't ‘Superoxide reductase (EC 1.15.1
CAlkvl hvdroneroxide reductase
°Hvdroaen peroxide-inducible a
°transcrintional reaulator. Crn/Fi
ONnrS protein involved in respon
°Paraquat-inducible protein A
°oParaauat-inducible protein B
©Alkvl hvdroperoxide reductase
*Transcrintional reaulator. FUR f:
°Ferric uptake requlation protein
‘Suneroxide dismutase [Cu-Zn] |
°Rubrervthrin
*‘NAD-dependent protein deacet)
sSimilaritv with alutathionvisperi

tress

Q_

(=}

*Glutathione S-transferase, unna

Stress Respo(qSe

ock_dnaK_gene_cluster_exte

|gmaB stress_responce_regu

Bacterial_hemoglobins

Sarcosine oxidase alpha subuni
‘Hemoalobin-like protein HbO
—Odiauanvlate cvclase/phosphodi
—oTetrapvrrole (Corrin-Porphvrin)
*Xanthosine/inosine trinhosphat
°Nucleoside 5-triphosphatase R¢
OTranslation elonagation factor Le
‘Radical SAM familv enzvme. sim™
°Hvpothetical radical SAM family
°Ribosomal RNA small subunit m
):ORibosomal protein L11 methvltr
OMiaB familv protein. possiblv in
oHspR. transcriptional repressor
CChaperone protein Dnal
——OChaperone protein Dnak
°Heat shock protein GrpE
*tmRNA-bindina protein SmnB
‘Ribosome-associated heat shoc
‘Sianal peptidase-like protein

nded

_regulation ———Serine phosphatase RshU. reaul

t——Serine-protein kinase rshW (EC

| Hfl_operon —o¢tp- -binding protein HfIX

©—HfIK protein F
—~Glutamate decarhonxvlase (FC 4.é

SEED terms=92 -«

Reads=51246 Assigned=9054 ~ 832 of 1864M

SEED analysis

of 50,000 reads




° Functional Analysis (SEED) - 155_PE_1_fixed-single.rma* - [2] - MECAN
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" USquur Metabolism

nitric oxide reductase activity
a u re . . *Glutathione reductase (EC 1.8.1.
hesis_and_gamma-glytamyl/cycle —Glutathione synthetase (EC 6.3.;

——Gamma-glutamyltranspeptidase

Rubrerythrin ————°Rubrerythrin
't @ ‘Superoxide reductase (EC 1.15.1

\

v Cap‘l‘ur'e a" L—oAlkyl hydroperoxide reductase :
°Hy roggn.perc;xide—linduc(i:ble gn
°transcriptional regulator, Crp/Fi

Sequences (Cmd/Or' Oxidative stress ONnrS prgtein involved in resp/on

°Paraquat-inducible protein

their matches) BT gr—craraquat nducible protein s
assigned to

*Transcriptional regulator, FUR f:
selected nodes

°Ferric uptake regulation protein
‘Superoxide dismutase [Cu-Zn] |
°Rubrerythrin

*‘NAD-dependent protein deacet)
°Similarity with glutathionylsperi
*Glutathione S-transferase, unna

Stress Respo se Sarcosine oxidase alpha subuni

v By function (SEED) | O remmarosmC e s Sl 10,
———Odiguanylate cyclase/phosphodi

y u 0 BMte“al—herm’gk’hm“‘—"Te%rapy¥role( orrin- orpt?yrin)

*Xanthosine/inosine trighosphat
°Nucleoside 5-triphosphatase R¢
OTranslation elongation factor Le
‘Radical SAM family enzyme, sim™
°Hyl;)otheti|cal radicaI"SA bfamily
‘ °Ribosomal RNA small subunit m
Directory: [Users/huson/data/megan ( Browse... ) ‘lusmwczombosomal protein L11 methyltr
| ©MiaB family protein, Fossibly in
oHspR, transcriptional repressor
©Chaperone protein Dna
V' Include Summarized ——OChaperone protein DnaK
°Heat shockcrrotein GrpE
*tmRNA-binding protein SmpB
‘Ribosome-associated heat shoc
- . -Signal peptidase-like protein
igmaB_stress_responce_regulation ——Serine phosphatase Rsbu, re%ul
—Serine-protein kinase rsbW (EC
Hfl_operon —GTP-binding protein HfIX
*HfIK protein |
—~Glutamate decarhoxvlase (FC 4.E

™) Extract by Taxa - 155_PE_1_fixed-paired.rma - [2] - MEGAN
Output files

File name: reads-%t.fasta

( A £ A
( Close ) ( Execute )

|4

SEED terms=92 - Reads=51246 Assigned=9054 ~ 962 of 1864M

SEED analysis of 50,000 reads
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ZBIT
Pathway
Analysis

Functional analysis
[Sranch D sucrose METABOLIM | ; e
vUse KEGG pathways

B o it (rmrin )
to bin sequences by i -

v
- T2 —o«— I —

O
D- D-Glucwonate
(2,6-5-D-Fructosyln . UDP-D-xylose UDP-D-ghucwonate 7 |
H . OIS +0<+{24110}»o— > e Trlaes
their presence in i e o
extrace Sucrose-6F o O
iy {32128} f-D-Glucose- 1P
-D-Glucose-6P
* ' 3-Ketosucrose O 119913 3
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Nucleic Acids Res. 38, D355-D360 (2010)
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Three Basic Computational Questions

e How do different samples compare?
e Pairwise and multiple comparisons
e Correlations with environmental
parameters?
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mouse-cmp.megan* - [7] - MEGAN (version 4.0alphal, built 23 Jun 2010)
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Taxa=125 » Relative comparison, Reads=600438 Assigned=523100 (normalized to 100000 reads per dataset) ~ 1889 of 8303M
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Functional Analysis (SEED) - mouse-cmp.megan* - [7] - MECAN (version 4.0alphal, built 23 Jun 2010)
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Taxonomy network - mouse-cmp.megan* - [7] - MEGAN (version 4.0alphal, built 23 Jun 2010)
ik : (Zoom to Fit): (Find...)

| 'Network MDS  Matrix |

Compare

High-level comparison: obese_007-4alpha [2
v Select taxa

v Compute ecological
indices (diSTGnCeS) " lean1-4alpha [1]

v Represent
distances using
neighbor-net

v ..or MDS

" Mouse_gut_28795_fatrl-4alpha

" Mouse_gut_28789_west1-4alpha

" Mouse_gut_2879

Mouse_gut_28793_west3-4alpha [5]

Goodall, Chi-Square,Kulczynski, Bray-

Mitra, Gilbert, Field and Huson, Curtis, Hellinger, Euclidean and UniFrac

ISME J, 2010

Neighbor-net:
Bryant and Moulton, 2003

A

C Y <]

Datasets=6 » Data=Taxonomy Ecologicalindex=GCoodall-Normalized Method=Multi-dimensional scaling ~ 2089 of 8303M
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Compare

High-level comparison:

Taxonomy network - mouse-cmp.megan® GAN (version 4.0alphal, built

- [7] - ME

23 Jun 2010)

& - Zoom to Fit): (Find...)

Mouse_gut_28789_west1-4alpha [6]
Mouse_gut_28f95_fatrl-4alpha [4]

13_west3-4alpha [5]

leanl-4alpha [1]

obese_007-4alpha [2]

Taxonomical
comparison

Mouse_gut_28799_carbrl-4alpha [3]

v Select functions...

Datasets=6 »

ZBIT

SEED network - mouse-cmp.megan* - [7] - MECAN (version 4.0alphal, built 23 Jun 2010)
& i : (Zoom to Fit): (Find...)

[ Network MDS  Matrix |

Mouse_gut_28789_west1-4alpha [6]

. Mouse_gut_28795_fatrl-4alpha [4]
fouse_gut_28793_west3-4alpha [5] //

obese_007-4alpha [2]

Mouse_gut_28799_carbrl-4alpha [3]

Functional
comparison

O

Data=SEED Ecologicalindex=Goodall-Normalized Method=NeighborNet » 2362 of 8303M
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Phylogenetic Networks
Concepts, Algorithms and Applications

~ 360 pages
- b5 lemmas
- 20 theorems
- 50 algorithms
- 85 exercises

Phy]ogenetic - 15 applications

- 190 figures
Networks [y

Concepts, Algorithms and Applications

Daniel H. Huson
Regula Rupp

Celine Scornavacca Dec 20 1 O
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:Example: Mouse Gut Microbiome
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~

obese.rma - MEGAN (version 3.Sinternal7, built 30 Apr 2009)

€

root 113810

Bacteroidetes/C

Bacteria 8458

O Proteobacteria 265

hlorobi group 1830

Ccandidate division TM7 5

Bacteroidetes 1775

O Chlorobi 16

CPlanctomycetes 5

cellular organisms 10145 |

@)

CSpirochaetes 6

\‘ E ;Firmicutes 4430 )

(ZFusobacteria 18

©Cyanobacteria 7

(D Actinobacteria 57

Thermotogae 16

O lentisphaerae 12

CEuryarchaeota 10

OEukaryota 277

OViruses 16

{_ /Notassigned 677

(__JNo hits 368

Taxa=24 »

Reads=11381 Assigned=10336 MinScore=0.0 TopPercent=10.0 MinSupport=5 disabledTaxa=9

+ 592 of 8109M

) <[>

Dominant gut microbes: Bacteroidetes and Firmicutes
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Comparative Analysis

o000

comparsion-Obese-vs-Lean - [3] - MEGAN (version 3.Sinternal 7, built 30 Apr 2009)
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Taxa=27 »

Relative comparison, yy 99982 Assigned=199982 (normalized to 100000 reads per datasel
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Organize
Visualize
Interact
Summarize
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e More computational questions
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Single Reads vs Paired Reads

In metagenomics:
e Use single reads or paired reads?

e In the latter case, short clones or long
clones?

5
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Taxonomical Analysis Based on Gene Content

Set of
all species
containing gene

aaaaaaaaaaaa

read

Unknown source genome

Use LCA to assign to (higher-rank) taxon



EBERHARD KARLS »
UNIVERSITAT
TUBINGEN »

Taxonomical Analysis Based on Gene Content

Short clones or long clones?

gene

Unknown source genome



e ZBIT
Taxonomical Analysis Based on Gene Content

Claim: long clones are more specific

[ Campylobacter fetus [ Campylobacter fetus
[ °Campyobacter ejuni [———"°Campylobacter jejuni
mmmmmmmmm \J
’7 ~——Campylobacter coll RM2228 e . i
o ~Campylobacter upsaliensis RM3195
~ ~
=—Helicobacter pylori 199

ining containing
gene

gene

—

Unknown source genome

LCA of intersection of species: — =
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Simulated Performance 454 vs Illumina

250bp, single

75bp, single

75bp,short clones

75bp, long clones

(1oexs) wi-ON  (10ex8) ySy-OIN

(10ex8) J-w-OIN  (10exs) S-wi-ON

%00

%00 |
%602
%0€
21014
%605
7009

%0L

—
(00} © o
o o (@}
X S X

4% more reads
assigned at
species level

Q)
—
D
QO
o
(7]

% reads (correctly) assigned at species level

MetaSim - simulator (Richter et al, 2008)



e Currently analyzing large set of 454
paired reads (7kb clones) collected
from an Arctic hot vent at 3km depth
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e Machine-learning based classification

approaches are much faster than
BLASTX

e Biologists want to see alignments and
they are needed for functional analysis

e Hybrid approach:

- Use taxonomic classifier to perform
taxonomic binning

- BLASTX reads only against assigned taxa

e Study of NBC (Rosen et a/ 2008) and
Phymm (Brady & Salzberg, 2009)
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8000 10000

4000 6000

2000

0

Hybrid Approach

» Correct

. S'mU|a1'lon S"'Udy ° ® |ncomrect

Correct Higher Order
Incorrect Higher Order
Assignment Accuracy No Hit/Not Assigned

BLASTX  NBC Phymm BLASTX  NBC Phymm BLASTX  NBC Phymm BLASTX  NBC Phymm BLASTX  NBC Phymm BLASTX  NBC Phymm

454 Solexa 454 Solexa 454 S0lexa
High Complexity Medium Complexity Low Comlexity

e ~10x speed-up over full BLASTX
e Increased accuracy using NCB

e Decreased accuracy using Phymm
Weber et al, submitted
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MEGAN-DB
e Database of precomputed MEGAN files

MeganDB - The Metagenome Analyzer Database (@D

@ ) @ (X ) s DU://megan-db.org/megan-db/ &) @~ megan-db 3 ﬁ|

[7News [} Mac News Tabs 47 Headlines 47 GMail 47 ASK (2 AB 4 ZBIT 47 Via [<]jdoc 47 LSF 47 Backup 4” MoMiKollog 47 cite [%] JFreeChartDoc 47 modul 47 LaTeX - Wikibook 47 Mail
4 Songza 4 IEEE (%) GBi
I © © Human Microbiome Pr... I ) Terragenome I M Swisscom Hospitality ... | € ., MeganDB - The Metal

gy =3 Tig TE g
TERSTgasMuenooin B, (YS0Chyg Ry
Scor Sltles Yt°‘=hzol
Tdenpsio. 214 . < C iny
egan '—
Quex;y o
VARG,

2
Sbice
The MEtaGenome ANalyzer g, .
2 wpr
DataBase Sbice o NDT’,;;ggrirE:gpm,m

B A
zmumummm§ roTg

Currently 235 metagenomes in database | % 0 samples in your cart

(Any text or keyword %] | ] Advanced search

Home Welcome to the MeganDB. This web based database of metagenomic data is especially designed for the metagenome
Hel analysis tool MEGAN. All public metagenomes are pre-processed on our servers, so MEGAN can easily read them out.

ep Analysis of your own data and especially the comparison of public datasets against your own samples is possible with
Getting started MEGAN. Therefore, we provide a Java web start version of MEGAN, which you can simply start with one or more selected

metagenome samples. That means that you do not have to download the whole MEGAN input file (RMA file), which can

Metagenomes become very large, up to gigabytes.
Search If you need to do exhaustive analyses on your selected metagenome, you still can download the ready-to-use RMA files
Download MEGAN and the raw sequences in FASTA format.
Submit data You will find many useful features all around metagenomic projects and samples, like some preview charts, MEGAN itself

Services and Tools has created, a location finder or web services for searching and retrieving meta-data information.

As this project is very young, there might be some features missing or full of bugs. In this case, let us know! Use the
Start MEGAN "
contact page to send us an email.

FTP access
— News
Participate
Feedback Problems on Vienna node fixed
With the last revision of MeganDB this news module has been implemented. It does not only display news on the start
About page of this database, but provides also RSS and Atom feeds. We will announce updates of the database, newly
Statistics included metagenomes and recently implemented features.

The server in Vienna was today not reachable due to a bug in the update logic, which is now fixed. We would like to
apologize for any inconvenience.

NPRY

e www.megan-db.org
Joint work with Thomas Rattei and Simon Domke
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e Outlook
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e Global Ocean Sampling

- www. jcvi.org/cms/research/projects/gos

e Human Microbiome Project
- nihroadmap.nih.gov/hmp/

e Terragenome Consorii

Terabases of sequences

e Survey of the Earth microbiome

* Petabases of sequences
* Processing and storage of exabytes of data

(megq, giga, tera, peta, exa...)
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Computational Challenges...
e Data storage and access

e Tools for navigating
metagenome data and
metadata

e Ever faster analysis methods

e How to learn across multiple
datasets?

e How to build a model of the
Earth microbiome?

5
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o Suparna Mitra, Daniel Richter, Nico
Weber & Max Schubach

o Stephan Schuster and Qi Ji

o Tim Urich, Christa Schleper, Thomas
Rattei, Simon Domke

o Ida Steen and Anders Lanzen
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www-ab .informatik.uni-tuebingen.de

5



