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Outline

* Premetagenome Community Composition
Profiling

* Sequence Processing

* Data Analysis
— Postsequencing Community Composition Estimates
— Binning
— Analyzing Dominant Populations
— Gene-Centric Analysis



Typical workflow for Sanger-based metagenomic
projects at the JGI

Metagenomic pipeline

Sample
collection

anscriptomics, viruses

Storage for ather
molecular analyses
e.g. proteomics,

Database

Metadata

Community
composition analysis

165 sequencing

Kunin V, et al Microbiol Mol Biol Rev. 2008 Dec;72(4):557-78

*Premetagenome Community
Composition Profiling
=4 approaches
=3 resources in 16S rRNA
sequence analysis
sStatistical Toolbox

*Sequence Processing
*Data Analysis



Premetagenome Community Composition

o Profiling
Limitations:

e 16s rRNA

— 16s copy number
— PCR induced bias

* JGI: ribosomal panel-384-well plate

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

* Pyrotags (Pyrosequencing PCR amplified 16s rRNA)
— Reduced phylogenetic resolution (100-200bp 454 reads)
— Dependent on reference 16s database

* FISH (using group-specific 16S rRNA gene-targeted probes)
— Number of fluorochromes, availability, and cost
— Target broader groups such as domains or phyla

Forsyth: Human Oral Microbe Identification Microarray (http://mim.forsyth.org/)




Resources in 16S rRNA sequence analysis

. Various 16S rRNA databases and resources available:
— RDPII Project

— Greengenes 4 Ribosomal Database Project |
—  SILVA rRNA database project o s

Available 16S rRNA databases @anuary 2008);
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The Green Genes

Run by LLNL
Hugenholtz alignment
Not limited to size

Includes phyla with no cultivated
representatives

SSU rRNA gene sequences from Bacteria,
Archaea, & Eukarya

Artificial “group names” are made

Allows:
— Detection of chimeric sequences
— Trimming of chimeric sequences
— Visualization of 16S sequence alignments
— Browsing of sequences
— Searching of sequences
— Aligning of sequences
— Probe searches

[ Acwate |

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

SA Eichorst & JH Saw



SILVA rRNA database project

16S/23S or 18S/28S rRNA databases for silva ¥ m &
(Eukarya, Archaea, and Bacteria)

Developed by German consortium (MPI, TUM,
and Ribocon)

Fully compatible with popular software (ARB) in
16S rRNA analysis

Able to download an Arb database with
reference sequences alignment & reference helix

Cultivated & non-cultivated representatives :
Limited to 50 sequences; have to pay Ribocon for http://www.arb-silva.de/
>50
Allows:

— Browsing of sequences

— Searching of sequences

— Aligning of sequences

— Designing of FISH probes

SA Eichorst & JH Saw



RDPII Project

Not limited to size R e s &ow
. . . . .HIJ P video tutoriats

RDP taxonomy is based primarily on cultivated i e e e

representatives o

No fungal sequences available

Able to align sequences & obtain a distance matrix, =
however there is no seed or reference helix - o
information :

Alignment can vary among batches of sequences T e e
Allows:
— Users to create accounts and upload sequences for http://rdp.cme.msu.edu/
analysis

— Creation of phylogenetic trees quickly
— Raw chromatograms to be processed
— Comparison of different libraries

— Browsing of sequences

— Searching of sequences

— Aligning of sequences

— Probe searches

SA Eichorst & JH Saw



RDPIl sequence analysis flowchart
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JH Saw



Uploading chromatograms

Create a New Library Run

Fill in the Mandatory Fields Below

To run dotur/estimateS

determine species

Logged in as [ jsaw@lanl.gov ]

richness)

* indicates ma
= Gene: | Bacteria 165 rRNA

ry field

MOTE: Library Name Abbreviation cannot exceed 5 characters

= Library Name Abbrev: test2

d
<

Choose gene (16S or unknown)

* Library Name: [test2

MNOTE: If your vector is not in the list,
please send an email to rdpstaff@msu.edu. <«

Fill in required information

* Vector: | Invittogen pCR2.1 |

Account Number: |

Project: |

Folder: |

Primer Name: |

Note(s):

—

id’i:’ii//

|

|

|

|
—

| Define well mapping | |Upload#=tawitheutwell mapping|
L ——

Choose cloning/sequencing
vector

___ To define reads according to well

—

Return to RDP =

position

To upload without well position



Uploading chromatograms

Data Loader Status Logged in as [ jsaw@lanl.gov ]

Start uncompressing file....Done
Start checking vector....Done
Start running Phred....Done
Start running Lucy....Done
Start loading data to database....

refresh

Loader Complete Logged in as [ jsaw@lanl.gov ]

Your data has been loaded into the database.

View Completed Library Runs

{Clicking the following link will cpen a new window)

1. LROODOZ2171

Return to RDP =




Downloading data

Z"'RDP

RDP HOME | BROWSER | CLASSIFIER | LIBCOMPARE | SEQMATCH | PROBE MATCH | TREE | myRDP | seqCART

Welcome, Jimmy Saw! [account info] [logout] overview | upload | download | pipeline | help

Download Format Options

Your seq cart contains 189 sequences: Fasta or Phyllp formats (aligned or
9 myRDP sequences, 9 are aligned * u na||gned

180 public sequences

If you do not wish to include public sequences in your download, please deselgct those sequences from the
hierarchy browser.

® fasta ® aligned
O phylip O show mask/structure
O unaligned
© display Genbank o < Arb compatible format
ACCNO / seq name () navigation tree
(ARB compatible) more ARB help
O display RDP id To download distance matrix
distance matrix @ uncorrected
(DNADist format) O jukes cantor

¢ display on Taxomatic

To display sequences in Taxomatic

DOWNLOAD | fo rm at

[Note: Phylip, Distance Matrix, Navigation Tree and Taxomatic are limited to 2000 sequences.]

To display Genbank ID or RDP ID



Statistical Toolbox

e OTU-based approach
e DOTUR: define & count OTU

(distance matrix as input)

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

e Estimate S - beta diversity index
(Need abundance file for each OTU)

e Community-based approach

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

SA Eichorst



Typical workflow for Sanger-based metagenomic
projects at the JGI

o bl *Premetagenome Community
— Composition Profiling
_ > *Sequence Processing

sMetagenomic assembly
=Gene Prediction
compeiion arasis =[Most popular CDS-finding
tools
=2 Full-service servers (IMG-
M/ER, MG-RAST)

*Data Analysis

Kunin V, et al Microbiol Mol Biol Rev. 2008 Dec;72(4):557-78



Typical workflow for Sanger-based metagenomic projects of
bacterial and archaeal communities at the JGI

Basecalling:

*Phred

*Paracel’s Trace Tuner
*ABl’s KB

Vector Screening:
*Cross_match
*LUCY
*Vector_clip

Assembly:
*PGA
*Arachne
*Phrap
*Celera

Metagenomic pipeline

construction

Sample
collection

Cellular

transcriptomics, viruses

Storage for other
molecular analyses
e.g. proteomics,

DNA

)

Database

Metadata
165
sequences

Assembly

Gene

Contigs

prediction

Binning

Genes

Bins

—

P——

Community
composition analysis

163 sequencing

165 microarray

FISH

Phylogenetic
marker genes

Metagenomic Assembly
(Sanger) at JGI

-Use Trimmer (Lucy etc)
to treat reads PRIOR to
assembly

-PGA work better with
paired reads information
and produce better
assemblies

-Not using pharp for
metagenomic projects

Kunin V, et al Microbiol Mol Biol Rev. 2008 Dec;72(4):557-78



Gene Prediction

evidence-based (ORFs with translations homologous to the known
proteins are CDSs)

Blast, CRITICA, Orpheus

— Advantages: finds “unusual” genes (e. g. horizontally transferred);
relatively low rate of false positive predictions

— Limitations: cannot find “unique” genes; low sensitivity towards

short genes; prone to propagation of false positive results of ab
Initio annotation tools

ab initio (ORFs with nucleotide composition similar to CDSs are also
CDSs)

fgenesB, Genemark, GLIMMER, MetaGene
— Advantages: finds “unique” genes; high sensitivity

— Limitations: often misses “unusual” genes; high rate of false
positives

Natalia Ivanova



Most popular CDS-finding tools

 CRITICA
http://www.es.embnet.org/Doc/critica/index.html

* Glimmer family (Glimmer2, Glimmer3, RBS finder)
http://glimmer.sourceforge.net/

« GeneMark family (GeneMark-hmm, GeneMarkS)
http://exon.gatech.edu/GeneMark/

 EasyGene

 AMIGENE

 PRODIGAL (default JGI gene finder)
http://compbio.ornl.gov/prodigal/

Combinations and variations of the above

« REGANOR (CRITICA + Glimmer3 + pre-processing)

« MORFInd (Orpheus + CRITICA + GLIMMER)

 RAST (Glimmer2 + pre- and post-processing) Natalia Ivanova




Metagenome Annotation

« BLASTX
 Fgenesb

http://linux1.softberry.com/berry.phtml?topic=fgenesb&group=progr
ams&subgroup=gfindb

« GeneMark (GeneMark-nmm for reads, GeneMarksS for longer contigs)
http://exon.gatech.edu/GeneMark/

« MetaGene
http://metagene.cb.k.u-tokyo.ac.jp/metagene/

 GISMO
http://www.cebitec.uni-bielefeld.de/groups/brf/software/gismo/

Full-service servers

 IMG/M-ER — uses GeneMark for Sanger, proxygenes for 454
http://img.jgi.doe.gov/submit

« MG-RAST
http://metagenomics.nmpdr.org/

Natalia Ivanova



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

Analysis
Public Community |. . j
release Resources im / m\:\ \

3 munthsﬁ 6-12 munthsﬁ

Core Systems:

Internal Maintenance

development

2 weeks@

Private Annotation
Communit - A A
Access Resourcesy Ilmg[e” ' |

Private Access
Educational




http://imgweb.jgi-psf.org/cgi-bin/img_er v270/main.cgi

IMG ER & IMG/M ER dataset submission

Project Search Result

If vou cannot find a project for vour submiszon, go td MG GOLD }1 define a new proj4

Show Samples

Selaction ER F'lr[?jec't Project Display Mame GOLO
10736 E;’itt.’tmt microbial communities from Yellowstone Gmodl

— Mational Park —

10730 Aquafic _ﬂncmbial communifies from Yelowstone Bison Gmod

Hot Spring Pocl —

Sonstic pcrabigl sasannitias feon Vallarerefosas Bath

—

10026

Submit Sample

Select Sample to Submit

Project 10739; Aguatic microbial communities from Yell

If vou cannot find 2 sample for vour submission, either create a default samplz of

Selection ER Sample D Sample Display Name

(Number of rows displaved: 3)

Sample 5it
2 0507193 Eison Pool, 6 m downstream DJ
5 _050719P Eison Pool, downsiream photos
4 0307199 Eison poeol, downstream «dge o
1 _050719N Bizon Pool boiling source pool
3 050719R Bizon Pool, 11 m downstreat

Create Default Sample

New Metagenome Dataset Submission

Submit isolatz genome or metagenome for inclusion mto IMG/M ER svstem.

Submission
Target ER System (*) IMG/M ER
ER Submission Sample 1D 10022

Genbank/Fasta File (*)

O, file name in JGI file
system (**)

JGI Project 1D

EC computation by PRIAM
needed? (*)

Gene calling nesded ? (*)
Product name computation
needed? (*)

Is public in IMG database? (*)

Unigue species code or
locns t30 prefic

(* required if gene calling is
needed)

CeneMark
Proxygenes

Unknown

Topoloay -

Comments
Additional Metagenome Filzs

contigs File
Singlets File
Binning File

READS Files




http://metagenomics.nmpdr.org/

M G RAS Meta Genome Rapid Annotation
I using subsystem lTechnology

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-guality 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 technelogy and data established by FIG and the NMPDR team at Argonne Naticnal Laboratory and the University
of Chicago.

In addition to SEED data we use the following ribosomal RNA databases for our analyses: GREENGENES, RDP-11 and European ribosomal RNA
database.

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

Login

Password Login |

Forgot your password?
Register a new account




http://metagenomics.nmpdr.org/

Current Step | Upload Summary

Please enter a project name and metagenome names for all uploaded files:
Project information:
Project Name:

mg-rast-test_87739d27295c4735fad42383d2cbf340_jSCS5P0j.fasta
Metagenome Name:

Description:

Mame

Size (bp) 4 ¥ Creation Date Annotation Progress

SID2303

2008-12-19 [ | | |l
view t‘.'fs

MeMeil, Leslie

2022 McMeil, Leslie 4442110.3 SID2302 6954286 2008-12-19

Jobs Details #2023

» Browse annoted metagenome in SEED Viewer

» Available downloads for this job: [Genbank export| =] Download |

#» Share this metagenome with selected users

» Make this metagenomes publicly accessible

#» Back to the Johs Overview

wﬁennme Upload has been successfully completed.

Eﬁ Enter an email address

Enter an email address: |participant@wnrk$hup.m

Share job with thiz uzer or 5|ru:n|.4|:n>y?\l‘S




Typical workflow for Sanger-based metagenomic
projects at the JGI

Metagenomic pipeline

Sample
collection

transcriptomics, viruses

)

Database
Metadat
al

ata
igs

Assembly

Gene

Conti

prediction

Binning

165
sequences [ ——

Community
composition analysis

163 sequencing

165 microarray

FISH

Phylogenetic
marker genes

Kunin V, et al Microbiol Mol Biol Rev. 2008 Dec;72(4):557-78

*Premetagenome Community
Composition Profiling
*Sequence Processing

*Data Analysis

— Postsequencing
Community Composition
Estimates

— Binning

— Analyzing Dominant
Populations

— Gene-Centric Analysis



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

Problem of the BLAST-based composition estimation
*The poor representation of microbial diversity by sequenced isolates ,
often resulting in remote matches to phylogenetically distant organisms
or the absence of any hits

MEGAN addresses this problem by assigning sequence fragments to the
lowest common ancestor of the set of taxa that it hit in the comparison

26060

Comparison and Analysis of Multiple Datasets

Untitled-cmp.megan* - [3] - MEGAN

Baod &% 5l ot0oEE 8

W 109/ nr

W ecoli-testrun-2000-nr

Escherichia coli |—.B herichia coli CFTO73
Enterobacter

B herichia coli K12
Cammaprote bact [
Proteobacter . @ Escherichia coli 0157:H7
————.Salmon lla enterica subsp. enterica serovar Choler.

‘ a—.—.—=%higella flexneri 2a str. 301
emophilus semnus 129PT
-—-—-—-—.— Bdellovibric bacteriovorus HD100D

Bos taurus

porthe grisea 70-15

Mot assigned
No hits

Taxa=71 =~

~ 868 of 2177M
4

Absolute comparison, Reads=4000 Assigned=3119%

COG analysis

COGs - multiple documents - ME

Number of -eads
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90
a5
an
75
7o
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&0
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50
45

35
30
25
20
15
10

w

COGs identified for ‘cave

COG cla
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Atomated pipeline for phylogenomic analysis
(AMPHORA)

http://bobcat.genomecenter.ucdavis.edu/AMPHORA/

Query

saquences

Phylogenetic Marker Database

seed 1
saad 2
saed 3 EE:--AE.E I:I'..
seed 4 E- Eﬂ--DI.H.D LLEVDAIL
seed § 3 1EBEG- - IGSSRUDIDAIL Marker
mask  1111111111100000000000011111111111111 multipla
o HMM model dnaG
saquance - - afr
alignmeant ’ infC
nusA
Select markers 07 mpgk
\ pyrG
mrplA
: plB
Y Align and mask 0.64% 4k rpIC
Search against ! rp:E
representative " @ :g”:
gencmes 2 05 rplK
(]
° rplL
v 5 rpIM
a 04 rpIN
Multiple sequence 2 ':g:g
alignmant 2 03 rpIT
2 o rpmA
L mask 11111111111c-ounuaonnaonuuonnnnnnn -:ggg
0.2 mrpsC
Build masks Trim ::E:F
0.1 ; 1rpsJ
mrpskK
Y query 1 DEELEDCDBVEY m i H l' I H mrpsM
query 2 ot : mrpsS
query 3 xm::.v 0= ’y _&: @ @ @ P P @ R @ RPN E D S @ _sr:an
HIM query 4 VEaILVAG 2@ a8 a8 e W S & FF Y S R S \0\\@ & G@“ mtsf
& @ > g @ o o & ¥ N A
@60 & \060 ‘0 +@ \Oorb G\e}o O\‘\é(\ & \660 d\é\ 0960 \5(‘60 ‘,9 \06\ \\oo Q\&\ (‘ﬁo < \cat;o(b
g e Tree inference P LLLEF T T & &
Steps in building a | & F S o
Phylogenetic S & N Q/Qn,\\(bé}a\ &
Marker Database 5

Wu M and Eisen JA. A simple, fast, and accurate method of
phylogenomic inference Genome Biology 2008, 9:R151




Typical workflow for Sanger-based metagenomic
projects at the JGI

Metagenomic pipeline

Basecalling

Vector trimming

Sample
collection

transcriptomics, viruses

Storage for ather
malecular analyses
e.g. proteomics,

)

Database

Metadata
165
sequences

Assembly Contigs
Gene
prediction Gen
‘ Binning }k
Bins

p——)

Community
composition analysis

165 sequencing

16S microarray

FISH

Phylogenetic
marker genes

=

Kunin V, et al Microbiol Mol Biol Rev. 2008 Dec;72(4):557-78

*Premetagenome Community
Composition Profiling
*Sequence Processing

*Data Analysis

— Postsequencing
Community Composition
Estimates

— Binning

— Analyzing Dominant
Populations

— Gene-Centric Analysis



Bins are sets of metagenomic sequence fragments originating from

one phylogenetic group, preferably from the same species

#7% ldengity

Phylatypes,

Sirawns (clonal tsalates),
I ! OMA sequence within the phiylatyps i3 a1 least 97

DMA sequence within ibe strain 15 1000 1dentical

ot

idaniical



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
intrinsic features of the sequence.

o eX. 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 Similarity-based

PhyloPythia (IBM), 2007

supervised MEGAN, 2007

Naive Basin

S-GSOM, 2008

Fuzzy k-means
classifier, 2008

ComeostBini 2008

GSOI\/Ii 2008

unsupervised

KL Liu



Typical workflow for Sanger-based metagenomic
projects at the JGI

Sample
collection

Metagenomic pipeline

Basecalling

Vector trimming

Storage for ather
malecular analyses
e.g. proteomics,
transcriptomics, viruses

)

Database

165
sequences [——

Assembly

Gene

Contigs

prediction

Binning

o e |

Bins

J

Community
composition analysis

165 sequencing

16S microarray

FISH

Phylogenetic
marker genes

=

Kunin V, et al Microbiol Mol Biol Rev. 2008 Dec;72(4):557-78

*Premetagenome Community
Composition Profiling
*Sequence Processing

*Data Analysis

— Postsequencing
Community Composition
Estimates

— Binning

— Analyzing Dominant
Populations

— Gene-Centric Analysis



Aim 1: Determine the SNP frequency
profile of a dominant population

* The ratio of nonsynonymous to synonymous SNPs in
protein-coding genes within a population provides an
estimate of the fraction of genes under selective
pressure.

* The ratio of haplotypes for individual SNPs (site
frequency spectra) can be used to estimate important
parameters in population genetics such as the scaled
mutation rate and scaled exponential growth rate.
(Johnson, P. L., and M. Slatkin. 2006. Genome Res.
16:1320-1327)

* SNPs highlight junctions of homologous recombination
between strains, allowing the degree of sexuality
within a populationto be estimated. (Whitaker, R. J.,
and J. F. Banfield. 2006. Trends Ecol. Evol. 21:508-516)



Fine-scale population structure

The visualization and analysis of polymorphisms in composite population assemblies.
*Consed (http://www.phrap.org/)

*SNP-VISTA (http://genome.lbl.gov/vista/snpvista/)

Strainer (http://www.bioinformatics.org/strainer/wiki/)

*Mag: Mapping and Assembly with Qualities (http://mag.sourceforge.net/mag-man.shtmil)

*UCSC Genome Browser (http://genome.ucsc.edu/)
SNP VISTA

Please be patient for applet to load.
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http://eenome.ucsc.edu/

Use UCSC Genome Browser to host SNP data

Genomes

Tables

L'CUSC Genome Browser on P. blakesleeanus Sep. 2006 Assembly
move [[ece [ «e J[< (2 ]2 ][22 Jaoemin [16¢ ] 3 J[ 10 [ baze ] zoom ou [ 16 (3 (10 ]

jump | ciesr | size 40,000 bp

posiionfsearch [scafuld_1:30,001-78.000

Seszion

scaffold_1: 40000
SNPs | |

wize1Plus.C_10016 1

gud1.1.184.1

gw1.1, 10731

bz Pius 10029

hesiPB_pg.C_1not
B gwl.1.301

HaneshPE_pg i 20
brzneshPE _pgi o

e_gwl. 13071
heshPB_pg.C_10023
FoeneshPE_pm.t
%'.e-:- FE_pg C_10075
Foenewise1.C_10030
ilreshFE_pg.L 10027

s0000)| s5000]

Lser Supplied Track

Best Gene Prediclions

55000|

sooco|

1s000|

HI
ml
L]

70000

75000

Hi
(L

mave fhagt

[<Jeo [2]

Chel: anoa feanze for detalz Chek on baze posrion to zoonn araund cursor Clck grawbhae bars an el tor track spbon:

and descrmbions

[ defautttracks || hideall | [ menags cusiom recks | | condgure || iefrash |
e dinp doen cottrals below and preee refrech to alter tracks deplaged,
Tracks with otz of items will sutormatically be displayed m mors compact modes

- ] Custom Tracks

SMEs

| dense wl|
Baze Positicg wihect Maich
.l.'|FlI'|-'-Fi | F-M;"T

et Cieres

[l =]

i
s
e

mcare end




Metatranscriptome analysis
lllumina reads

{1

Remove duplicated reads
& rRNA

{1l

Non-rRNA

1l

Cluster

N

Sequence of singletons Consensuses of clusters

4 1L 1L 4 1 1L

Matthias Hess



Short-Read Alignment Tools

Eland (http://www.fejes.ca/2008/01/aligning-dna-eland.html)

RMAP (http://rulai.cshl.edu/rmap/)

SOAP (http://soap.genomics.org.cn/)

SHRIMP (http://compbio.cs.toronto.edu/shrimp/)

MAQ: Mapping and Assembly with Qualities (http://mag.sourceforge.net/)

Align lllumina reads to Reference using MAQ

/ IMumina Reads




Aim 2: Determine the Gross-scale population structure

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

Metagenomics
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Fig. 2. Features of genomic islands (shaded) in the Prochlorococcus strain MIT9312 genome compared
with wild sequences from the Atlantic and Pacific Oceans. Coleman et al. , 2006



Typical workflow for Sanger-based metagenomic
projects at the JGI

Sample
collection

Metagenomic pipeline

Basecalling

Vector trimming

Storage for ather
malecular analyses
e.g. proteomics,
transcriptomics, viruses

)

Database

165
sequences [——

Assembly

Gene

Contigs

prediction

Binning

o e |

Bins

J

Community
composition analysis

165 sequencing

16S microarray

FISH

Phylogenetic
marker genes

=

Kunin V, et al Microbiol Mol Biol Rev. 2008 Dec;72(4):557-78

*Premetagenome Community
Composition Profiling
*Sequence Processing

*Data Analysis

— Postsequencing
Community Composition
Estimates

— Binning

— Analyzing Dominant
Populations

— Gene-Centric Analysis



Sanger/Titanium metagenomes: assembled data

taxonomic analysis
using Phylogenetic
assembled Distribution of

metagenomes genes

ITainning

abundance analysis
using Function
Comparisons and
Function Category
Comparisons

abundance analysis of
custom function
categories using
Function Profiles

Natalia Ivanova
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454
library

N~

454 metagenomes

Proxygene
clustering

prd

BLASTX, e-value 0.1
clustering: read recruites

genes that recruit other
reads;

disjoint clusters

taxonomic analysis
using Phylogenetic
Distribution of
genes and reads

~

~.

Natalia Ivanova

abundance analysis using
Function Comparison
and Function Category
Comparison




Analysis of Community Diversity &
Abundance

* IMG: Phylogenetic Distribution of Genes

* Purpose. Assess phylogenetic composition of
a metagenome sample based on the
distribution of the best BLAST hits of the

protein-coding genes found in the dataset.



Navigation: IMG/M Microbiomes or Find Genomes/Genome Browser - Microbiome
Details - Phylogenetic Distribution of Genes.
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Navigation (cont.): Phylogenetic Distribution of Genes — Compare COG Functions;
View all COG Functional Category/Pathways

Phylogenetic Distribution of Genes

Comparison Summary Statistics for Crenarchaeota and Euryarchaeota COG
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Navigation (cont.): Phylogenetic Distribution of Genes = (Project on Family) -
(Project on Species) - Protein Recruitment Plot / Reference Genome Context Viewer

Phylogenetic Distribution of Genes
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Analysis Protein Family Relative
Abundance

e IMG: Abundance Profile Overview

* Purpose. Examine relative abundance of all
protein families (COGs and Pfams) and
functional families (Enzymes) in metagenomes
and isolate genomes.



Navigation: Compare Genomes - Abundance Profiles - Abundance Profile Overview
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Analysis Protein Family Relative
Abundance

e Abundance Profile Search

* Purpose. Selection of protein families (COGs
and Pfams) in metagenomes and isolate
genomes based on their relative abundance;
similar to Phylogenetic Profiler for gene
selection, but operates on protein families
rather than individual genes.



Navigation. Compare Genomes - Abundance Profiles - Abundance Profile Search
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Analysis Protein Family Relative
Abundance

* IMG: Function Comparison

* Purpose. Comparison of a query
metagenome/ isolate genome with one or
several reference metagenomes/ isolate
genomes, in terms of their relative abundance
of protein families (COGs, Pfams, TIGRfams)
and functional families (Enzymes), with
estimates of the statistical significance of the
observed differences



Navigation. Compare Genomes - Abundance Profiles - Function Comparisons

Function Comparisons

B img/m\a 0

Find Functions

Find Genomes Find Genes

| VISTA |

MG Home

Abundance Profiles

Genome Statisfics

Abundance Profiles Toocls

The folowing tools operate on functional profiles of multple cenomes.

Tool

Abundance Profile Overview({ All Functions)

Abundance Profile Search

Genome Clustering

Compare Genomeas

Function Comparisons

Functicn Comparisons
| Add Selected to Function Cart ] Select Al Clear Al
Salact| DO D Name

Ll 1 COGO001 Glutamate-1-semialdehvde aminotransferase

[l 2 COGO002  Acetvlghitamate semialdehvde d=hvdrogenase

Pyruvate/2-oxoglutaraie dehydrogenase complex,
dehvdrogenase (E1) component, sukarvotic type,
bota subunit

M 21 COGo022

2.09  3.54e-03
-0.38 3.353e-01

447 3.93e-06

Function Comparisons
Page Options:

500 =« functions per page.

Select One Query G?E-!IfllifllfIfIE':I .

Whalefall Sample #1 (")0) K
Whalefall Sample #2 (*)[C]
Whalefall Sample #3 (*)[C]

% |
Selece Mulriple Reference Gennmeas® -

Whalefall Sample #1 (M[D] =
Whalefall Sample #2 (*)[O]

Whalefall Sample #3 (*)[C]

Function:

@ COG

) Pfam

©) Fazyme
) TIGRfam
MDMeasurement:

@ Gene count
! Estimated gene capiee:

2 w Mimmum [uncuon geng count
| ]

Output:

O Show all rows.
! Show only rows with at least one non-

_) Show only rows with significant hits.

-1.56  5.95e02 15




Analysis Protein Family Relative
Abundance

* IMG: Functional Category Comparison

* Purpose. Comparison of a query metagenome/
isolate genome with one or several reference
metagenomes/ isolate genomes, in terms of the
relative abundance of the genes assigned to
different functional categories (COG Pathway,
KEGG Pathway, KEGG Pathway Category, Pfam
Category, TIGRfam sub-roles), with estimates of
the statistical significance of the observed
differences



Navigation. Compare Genomes - Abundance Profiles - Functional Category Comparisons
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Select One Query Genome’ :

Whalefall Sample #1 (")D]

Whalefall Sample #2 (*)D)
Whalglall Sample #3 *§0)

Select Multiple Keference Genomes” :

Whalefall Sample#1 (*§D] -
Whalefall Sample #2 ("D
Whalgrall Sample #3 (*)D]

Function Caregory:

‘ COG Pathwavs

v

Function Category Comparisons
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I Kepg Pathways
2 Kegg Pathways Category
20 Pfam Categories (formed fiom COG categories / pathwiay?
i) TIGEfam Category Roles
" |Measurement:
@ Gene count
i) Estimated gene copies”
5 ~ Minimum function gene count to calculate d-score’
Whalefa
TR
o @ D-rank* )
0 Derank (unsignad)”
0.00

[7] Tnclude all rows, including these without hits_
177 386602 136
107 14201 185
211 17502 129




Search Terms and Pathways

Find functions in selected genomes by keyword.

Keyword: | lipid

Fiters:  [COG

Ly

0
Select from g¢e o yymber (exact)
ASSUME CUITEL £ Nymber ar enzyme name (inexact)
Domains: (B)a pram
Genome Comy TIGRfam
FETLIT LT A :'gEteﬁrFGn;athway EI"IIHITTIES
ABIOMONAS S e Torn and Synonyms

Agrobacteriun o o
ays
AGrobaCctenun o~ o te | et

Gene Froduct Mame |

Viiruses.

Analysiz Caris

Examples

- "kinase" as a Function Mame may get
FShildrnate kinase", elc,

-"EC:1.2.3.3%0r "1.2.3.3" as an EC Mumber
(ezact) gets only genes associated with EC
L2373

- "1.2.3" 2z an EC Mumber (inestact) retums
genes associated with EC 1.2.3.3 and EC
1.1.23

Alcanivoray, Dormormerer o =
Algoniphagus sp. PR1 (B)[0]
Alkalilimnicola ehrlichei MLHE-1 (Bi[F]

Alkaliphilug metalliredigens O%MF (B83]0)
Altaromonadales bactarium TW-7 (B)[D]
Alteromonas macleodii Deep ecotype (BHC]

LA ke ekl lie AT D04 4 3 LRI

[ 50 ] Feset

A - "IPRO04462" (exact) or "lanase" or
"Acetylghtamate" (inexact) gets "IPRO04462
Acctlygiutamate kinase”.

- "pfam00695" will retrieve that Ffam for
Acl_trans_1

Function Search Results (ii)

The number of genes is shown m parentheses.

| 4dd Selected to Functon Cat | Select Al Clear Al

[J COGO416 - Fatty acid/phospholipid biosynthesis enzyme (1)

[] COG3307 - Lipid A core - O-antigen ligase and refated erzymes (1)
L] COC0671 - Membrane-associated phospholipid phosphatase (1)

[] COG3963 - Phospholipid N-methyltrans ferase (1)




COG Category Details (i
Details for COG Category Amino acid transpont and metabolism
Search | COG  Pfam | KEGG | Enzyme | [ Add Selected to Function Cart Select Al Clear Al
COG Brﬂwser Click on column naine to cort.
5:1 G list
Select  COGID COG Name “EETJZ"
Ammo acid transport and metabolism [
Arginine biosynthesis = [0 | Cocoo0y Acstylghtamate semsaldehyde dehydrogenase 24
Histidine hinsynthesis \Ir :
lzoleucine binsynthesis N . i - 802
Leucine biosyntchisis Genomes with COG0002 (iv)
Iethiorine hiosynthesis
Phenvlalarme/tyrosme hiosynthy Genomes with Acefyiglulamate sexlaldehyde delipdroginase.
Proline binsynthesis
Threonine binsynithesis S ,
Trrpotenban bia i Phvingenetic Distibution
Valine biosynthesis
0D c Gennine Gene Count
& [ Caldprrgs macuibngensiz [C-167 1 1
& |D Feroplasms acidarmanus Terl |
3 Phylogenetic Distribution for COG0002 (V)
L 4
- . { Oach (Hitz are shown in red )
COG Pathway Details (iii) L 0% Arcnaea (40)
A .02 Crenarchascota (10)
Details for COG Pathway Arginive biospnthesis. 1 .03 Thermoprotei [10)
L) 04 Desulfurococcales (1)
i .05 Desulfurococcaceas (1)
| Add Selected to Function Cart | Select Al Clear Al . 06 Aeropyrum (1)
i 08 Aeropyrum pernix K1 [F]{1l}
i « « #0535 unclassified
Clhck on column name to sort. L . . . .06 Hyperthermus
Select  COGID COG Name Geneme
- I Count
[] CcoGoooZ Acetylghvamate sersaldehyde dehydrogenase ﬁi;




Compare Genomes — Function Profile.

orere [ rosoerer | rosoeer | roorioces

Genome Statistics | VISTA | Abundance Profies | Function Profie | Genome Clustering

Function List

[ Remove Selected ] Select All Clear All

Selection Function ID

Hame
v EC:1.2.4.1 Pvruvate dehvdrogenase (acetvl-transferring).
v EC-143 16 L-aspartate oxidase.
v EC:18.14

Dihvdrolipovl dehvdrogenase.

Genome List

Reset Show All Genomes

Select lgnore Taxon NHame

Bacteria
Chloroflexi
Chloroflexus
Chiloroflexus aggregans DSM 9485 [D]
Chiloroflexus aurantiacus J-10-f1 [F]

Chiorofilexus sp. Y-400-f1 [D]
Roseiflexus

Qo Roseiflexus castenholzn DSM 13941 [F]
p @ Roseiflexus sp. RS-1 [F]

© 06 @

[ View Functions vs. Genomes J [ View Genomes vs. Functions

ﬁ

Function Profile

Genome

Chloroflexus aggregans DSM 9485

Chloroflexus aurantiacus J-10-11
Chloroflexus sp. Y-400-11
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G RAS Meta Genome Rapid Annotation
e using Subsystem Technology

ED.ord.

elcome to the Metagenomi

Sequence Profile for Obese Mouse (4440464.3)
Select profile type, dataset and filter options

Profiles
- e r—— - 2
e &3 etabolic Profiie  Phylogenetic Profiie | y
{\_1/' Erofne ‘, "1 = Melabelic Profile with Subsystem
: - e B “7 MG-RAST computes metabolic profiles based on Subsystems from the
O P mﬂ'mh i [+~ sagquences from your metagenome sample. You can modify the parameters of
I” the calculated Metabolic Profile including e-value, p-value , percent identity

and minimum alignment length. This will allow you to refine the analysis to

http://metagenomics.nmpdr.org s i e D

Maximum e-value (000 %]

Minimum p-value ( 3| ieave blank for all
Minimum percent | %] leave blank for all
identity
Minimum alignment | 3| leave blank for all
[ 3 | (Re-comouteresults ) « dlick here to reset »
b 4
Profile results:
This Metabolic profile has been generated with the following parameters:
. Dataset: Subsystem
(\\4/ Number of sequences: 11857
E-value: 0.01

Clicking on a category below will display a pie-chart of the distribution in the subcategory. In the tabular view, each category is linked
to a table of the subset. Those subsets allow downloading in FASTA format. The organisms in the tabular view are linked to a
recruitment plot. To download the entire dataset, please go to the download page.

The pie charts provide actual counts of sequences that hit a given functional role based on the Subsystem database from the SEED. You can select a given subsystem
group to get more detalled information up to 3 levels. These selections are represented in the Tabular View.

5 | Classified sequences vs, non-classified:
50.56 (5995)

[ Tomutr viow 4 |

Virulence Resistance to antibiotics and toxic compounds

Bl Achesion 3.24% (20) [l Methicilin_resistance_in_Staphylococe 0.76% (2)
I Tvoe 111 Tvpe IV. ESAT secretion svstems [l Tolerance to colicin E2 0.76% (2)




Compare
Metagenome to

other —
Metagenomes
Heat -

Maps
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Metagenome Heat Map for Obese Mouse (4440464.3)
Select comparison lype, dataset, filter option, and metagenomes

Comparson type:
C Phylogenetic Comparisan
Dataset: Subiystem  §
Maximum e-value Qo1 :
Minimum p-value + | leave blank for all
Minimum percent identity 2| leave blank for ol
Minimum alignment length % | leave blank for al
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Lean Mouss (4440463.3)

Obese Mouse (4440464.3)

Color key:

Solect Subsystem Hierarchy Level to Display)

?.

L i

Subuystem Mierarthy 2 3

{ esear ait fibmers |

daplay T

displayeg 1

50 of 167

17 Metabolic Comparison with Subsystem

3 1 MG-RAST compules metabolic profikes based on Subsyilems from the
sequences from your metagenome sample. You can moddy the parameters of
the cabculated Metabolc Profile ncduding e-value, p-value , peroent entity
and minimum alignment length. This will allow you to refine the analysis to
SUE the seguence charactenmstics of your sample. We recommend a minimal
slignment lengeh of 50bp be used with all ANA databases.
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The foliowing optinns can be used to adjust the display of the comparison :

Apply 'heat map” style E4

coloring:

Number of groups used in Wi

coloring:

Effective raw score maximum: |03 : | choose o manimum reltive score as upper kit for
the colering

Found S82F matches in 1854 Subsystem cascficaton
Fpund 5862 matches in 1872 Subsystern classifications

] 6.5 oo o oz

Display Absolute Values

HEma par page

naxt= lag=

Amino Acds and Derivatlives Alanine, sering, and glycine

Aming Acds and Derivatives

Arginine; urea cyche, polyamines

Aming Acds and Derivatives

Aromasts amino ackds ped derivatves




Compare
Metagenome to
Organism
Recruitment
Plot

Recruitment Plot from Obese Mouse (4440464.3)
‘1 Select filter options

& [ p.001 3 Fragrent e-value coloring
MRS A 3 RN e T T T A
Minimum p-value [ 8l teave blank for ait T ————— o —
.

Minimum percent identity ] leave blank for all
Minimum alignment length = & leave blank for all

Contlg (alternating coloring):
fma e - |

G "\ | Re-compute results | = click hare to reset =
\Z/ !

Plot

i \
{4
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Evalue histogram Summary O
| _—

The reference genome Bactercides thetalotaomicron VP1-5482 (226186.1) contains 1 contig(s)

and is 6.2 Mbp.

710 fragments hit 553 features from the Bacteroides thetalotaomicron VPL-5482 genome. The
= contains 4,964 features in total. Combined, all of the sequence in the Obese Mouse
.\_5’/ (4440464.3) metagenome is 121,307 bp, resulting in approximately 0.019X coverage.

View fragmants
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Sequence Subset from Obese Mouse (4440464.3)

= Dack to Metagename Ceryies

Thit following options were uied 10 select Ihes Sequence |

Dasad on metabolic reconstruction by 5000 sbsvsterm tas
Maximum a-value of hits any

Mindmum p-value of hits any

Minimum percent identity of the hit a0y

Minimum alignmant length of tha kit 40

Found 719 sequences matching these critena. gonwniond as FASTA

{ awpenrt vabie /'
\s/: iy _“' TR

displaying 1 - 50 of 729 Nusle sl
B Solect Sequence 10 , Alignment Best Wit ID . v
O —

] iR lrr 131 B (226186, ).000. 904 Bacterpiden thetastaom cran it
WS40 ury

[) [A6le7ne 153 ‘w Lopa iflG |Bectervides thetsistsomicren Wi
) VP1-5462 ha

) |462097%4 124 12061861 0003282  [Dicterviden thetaiotaomicron [y




KEGG map Metabolism for Obese Mouse (4440464.3)
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DOE Joint Genome Institute

Microbial Genomics
& Metagenomics
(MGM) Workshop

* Agenda

» Registration . .
Walnut Creek, California
¢ Travel Info

http://img.jgi.doe.gov/m/doc/using index.html
http://www.jgi.doe.gov/meetings/mgm/

Argc:urmeo

HATIONAL LABORATORY

RAST User Workshop |l - 2008

The Mational Microbial Fh thogen Database Reso
(MMPDR ) will be hosting a 1-day workshop on
December 4th to introduce the RAST and MG-RAST

analysis servers,

http://www.nmpdr.org /FIG/wiki/view.cgi/Main/MG-RAST
http://www.nmpdr.org/FIG/wiki/view.cgi/Main/HowToUseNMPDR
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