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Presentation Outline

•  Introduction to Metagenomics
•  Global Ocean Sampling (GOS) Expedition
•  Challenges of Metagenomics
•  The CAMERA Project
•  Live Demonstration of CAMERA



•  Genomics –  ‘Old School’
-  Study of a single organism's genome 
-  Genome sequence determined using shotgun 

sequencing and assembly
-  ~1300 microbes sequenced, first in 1995

-  DNA usually obtained from pure cultures (<1%) 
•  Metagenomics  

-  Application of genome sequencing methods to 
environmental samples (no culturing)

-  Environmental shotgun sequencing is the most widely 
used approach

-  Environmental Metadata provides key context

Genomics vs  Metagenomics
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Estimated <1 % cultured, exploit metabolic potential of vast uncultured species



•  Metagenomics
-  Genomics + Metadata

•  Environmental Metadata
-  Time and  location (lat, long, depth)  

of sample collection
-  Correlate w/remote sensing data
-  Physico-chemical properties (e.g. 

temperature, nutrients, salinity)

MODIS-Aqua satellite image of ocean 
chlorophyll in the Sargasso Sea grid about 
the BATS site from 22 February 2003

Metadata
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This example from Ocean -  other types of metadata for other enviros, eg, host-derived, termite gut? etc



•  Within an environment
-  What biological functions are present (absent)?
-  What organisms are present (absent)

•  Compare data from (dis)similar  environments
-  What are the fundamental rules of microbial ecology 

•  How do organisms adapt to environmental 
conditions?

•  Search for novel proteins and protein families

Metagenomic Questions
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And new members of existing families



Complexity of 
Microbial Communities

•  Simple   (e.g., AMD, gutless worm)
-  Few species present (<10)
-  Diverse

Variations on standard genomics techniques
•  Complex (e.g., Soil or Marine)

-  Many species present (>10, often >1000)
-  Many closely related

New techniques



JCVI Global Ocean Sampling  Expedition  
Largest Metagenomic Study to Date
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GTL paid for sequencing, tool dev, data analysis, pub. 



Global Ocean Sampling (GOS)
178 Total Sampling Locations

Phase 1: 41 samples, 7.7M reads,   >6M proteins
Diverse Environments

Open ocean, estuary, embayment, upwelling, fringing reef, atoll,  warm seep, 
mangrove, fresh water, biofilms, sediments, soils

Presenter
Presentation Notes
UPDATE MAP? GOS data is the size of the datasets really helps highlight the major challenges inherent to doing metagenomics. 
How to go about analyzing such vast datasets? Extreme assembly - poor assembly or limited assembly with many anonymous pieces
Within all abundant populations analyzed, we found extensive intra-ribotype diversity : (1) extensive sequence variation within orthologous regions throughout a given genome; despite coverage of individual ribotypes approaching 500-fold, most individual sequencing reads are unique; (and (3) hypervariable genomic islands that are too variable to assemble.. 




Challenges of Complex 
Metagenomic Datasets

•  Most sequence reads are unique
-  Very limited assembly
-  Most sequences not taxonomically anchored
-  Annotation of annotated reads required
-  Relating shotgun data to reference genomes

•  Annotation challenging
-  Which ORFs code for predicted proteins?
-  Lack of genomic context
-  Large data volume



•  Significant investment in sequencing
-  Only accessible to bioinformatics elite
-  Diversity of user sophistication and needs

•  Bioinformatics and Computation Challenges
-  Assembly, annotation, comparative analysis, visualization
-  Dedicated compute resources

•  Importance of Metadata
-  Metadata required for environmental analysis
-  Need to drive standards

•  Compliance with Convention on Biodiversity

Motivations for CAMERA
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Highly fragmentary data – tools tailored for pure culture completed genomes, new tools designed for GOS analysis, brought to you by DOE



•  J. Craig Venter Institute
-  Marv  Frazier, co-PI
-  Saul Kravitz, Program Manager
-  Rekha Seshadri, Chief Scientist

•  UCSD/Calit2
-  Larry Smarr, co-PI
-  Paul Gilna, Executive Director

•  UC Davis
-  Jonathan Eisen, co-investigator

•  Gordon and Betty Moore Foundation
-  David Kingsbury and Mary Maxon

CAMERA Team
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IT cyberinfrastructure – Calit2, taxo classification  - Esien



Demo of CAMERA 1.3

•  Data and Metadata Collections
-  ALL metagenomic nt  sequence and metadata
-  Coding sequences functionally annotated

•  BLAST with Environmental Metadata
-  Large query and subject sizes
-  454 FLX run or microbe VS All Metagenomic

•  Fragment Recruitment Viewer
-  Based on Rusch’s  GOS viewer

•  Text Search of Annotations
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Main Research portal
Browse available projects and their data



This is the “Projects”
 
page.  A synopsis of the selected project is displayed 
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PAGE DESCRIPTION: For a given project in CAMERA, you can download the sequence reads derived from the project samples. All of the available metadata (latitude, longitude, depth, salinity, etc.) associated with that sample are displayed in this table. Advanced sorting of this table is possible. 




Clicking the “Publications and Data”
 
link on the project page invokes a “Publications”

 
page
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SEVEN publications are associated with the “Global Ocean Sampling Expedition” project. Again you can see a paper abstract or some type of user-provided summary. You can link out to the journal page and see other information. CHANGE TO SHIBU’s. 
Click on Download tab to see a list of supplementary data files for this publication





This is the “Downloads”
 
tab view of the “Publications”

 
page 
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Moore Marine Microbial Whole Genome Shotgun Sequences may also be downloaded
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Moore Marine Genomes – link out to see organism details and download sequence files.
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CAMERA allows you to launch large BLAST jobs. We can handle queries totaling > 10 Mbp and return millions of BLAST results
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Paste or upload single or mutiple query sequences 
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Previously uploaded queries are stored and can be re-used.
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Select the reference database to BLAST against - select reads, ORFs, peptides predicted from reads (under “Read datasets”) or assembled sequences (under “Assembled datasets” ). Non-redundant datasets can be selected under “External datasets”
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Enter a job name, specify advanced or simple BLAST options, in this example user requests 1000 BLAST alignments at E-value <10-5. when uploading a mulitfasta file – example, a 454 read dataset – adjust the # of database alignments returned for EACH query sequence in the multi-fasta file. Click “Submit job” to launch the search.
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Most recent and all previous completed BLAST job results are displayed in a table. The table can be sorted (ascending/descending) by clicking any of the field headings. You can delete old jobs, view BLAST parameters, re-run a job with modified parameters or export BLAST results ans sequences in various formats. 
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In the job summary page, matching sequences are displayed in a table in descending bit score order. The table can be sorted (ascending/descending) by clicking any of the field headings. If you hover over a E-value, you will see the sequence alignment in a small window. Clicking on the E-value will display more detailed information in the "Sequence Alignment" block at the bottom of the page.
Click on a "Subject" accession number to see more details about that sequence. You can download the search results in various formats using the "Export" button. 
The map on the right side shows the geographical origin of the samples from which the matching sequences were derived. 
Matching sequence and blast results can exported in various formats. The options are:
All Matching Query Sequences as FASTA - multi-fasta text file with matching subject (reference) sequences 
All Matching Subject Sequences as FASTA - multi-fasta text file with query sequences that possessed a match 
All BLAST Results with Metadata as CSV - comma separated values file containg all BLAST results and Metadata (can be imported into Excel) 
All BLAST Results as NCBI XML - NCBI XML file 
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Click on a sequence accession to see the detail page. One of the mainstays of CAMERA data is that all sequence entities are associated with their metadata. The sequence features as well as all its metadata can be viewed here. 
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The export “All BLAST Results with Metadata as CSV “ output can be particularly useful. BLAST results and metadata can be analyzed  simultaneously. In this example, we analyzed the distribution of matching sequences by “habitat”  - their distribution across different metadata types can yield interesting information. NOTE: Numbers need to be normalized for total # of reads obtained from that site or habitat or other. 
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Keyword Search utility
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SEARCH CAMERA annotations for keyword “dehalogenase”. Distribution of keyword search results across various categories (Gene Ontology, enzyme commission number, etc) are summarized in pie charts. 
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Details view of the keyword search results is shown. Click on accessions to view peptide (or ORF, read, scaffold) details.  Export the table of search results as CSV file or all matching sequences as multi-fasta file.
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Click on an accession to view details page. The source of this particular peptide sequence is the Hawaii Ocean time Series ALOHA data. Sequence features, annotations and metadata can be perused by clicking on the tabs. 
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Based on Doug Rusch’s fragment recruitment viewer (See Rusch et. al., PLoS Biol., 2007), this tool graphically displays the results of a filtered BLASTN search of a completed microbial genome against Global Ocean Sampling metagenomic sequence reads. The utility of the plot is to examine the biogeography and genomic variation of abundant microbes when a close reference genome exists. The reference genome coordinates are shown on the x-axis, while the y-axis shows the percent identity scores of the BLASTN alignment. BLAST parameters were set to detect distant similarities (as low as 55% identity), and reads must align over nearly their entire length without any large gaps. Metadata is encoded in the color of the individual reads. By default the color indicates the sample from which a read was derived. Therefore color is a proxy not only for sample but by extension also indicates the temperature, time, pH, and many other physical characteristics measured at the time of the sampling. 
Note: Details on the design and utilities of the Fragment Recruitment Plot are available in the paper by D. Rusch et. al. entitled The Sorcerer II Global Ocean Sampling Expedition: Northwest Atlantic through Eastern Tropical Pacific in PLoS Biology journal. Only pre-computed results are available in this current version of the fragment recruitment viewer. 
Example, use “Data” tab to select Reference genome of Pelagibacter ubique,
Click “Show legend” – determine the geographical distribution of reads? Where do the high identity matches come from?. 
In the plot, use “+” button and arrows to zoom in to the region of the recruitment gap – reference genome coordinates from  500,000 to 575,000 bp
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Referecne genome annotations are shown below the X-axis. ORFs predicted on the plus or forward strand are BLUE  and minus or reverse strand are PINK. When overlapping ORFs are predicted in the same region, the 2nd overlapping ORF in that region is shown on a new line
To determine what genes are found in the reference genome in the region of the recruitment gap, use the “Select annotations” tool to select this region and view a list of annotations. 
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Samples filter allows you to deselect certain sample sites (Example, all Sargasso Sea sites) or an entire metagenome project dataset and refresh the plot. Click on a sample name for metadata information from that site. 
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Click “Export region” to select a portion of the plot and download a multi-fasta file of recruited read sequences from the portion. Bp range or % identity can also be numerically specified in the pop-up window.
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Use “annotation filter” to view location of specific genes on the reference genome. Example, perform annotation search with gene name “glycosyl transferase” .  Annotations are re-displayed below the X-axis.






CAMERA  
http://camera.calit2.net

•  Website:    http://camera.calit2.net
•  Questions: camera-info@calit2.net

•  Saul A. Kravitz  skravitz@jcvi.org
•  Rekha Seshadri rseshadri@jcvi.org

http://camera.calit2.net/
mailto:camera-info@calit2.net
mailto:skravitz@jcvi.org
mailto:rseshadri@jcvi.org
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