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Calit2 Community Cyberinfrastructure for Advanced
Mlcroblal Ecology Research and AnaIyS|s (CAI\/IERA)
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Access to Computing Resources Tailored by User’s
Requirements and Resources
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CAMERA

A Community Gateway to Data & Analysis Functions
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[ Geochemistry / Hydrology / Minerology / Temperature / Pressure / Location / Time ]
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Marine Genome Sequencing Project —
CAMERA Anchor Dataset Launched March 13, 2007

Eac h Sam p I e Canada
~2000 United States , &

-’
L

Microbial ’
L ]
Sp eciles Mexico .:‘ P.uerto Rico
: S . Honduras Ko
i Costa Rica_% Panama *e .,
® » o "
%e, 7 Y 7 sampies Galapagos Island.s. o
% Zgnzgnla/=/ 8700 French o ©°° “x10samples
5 nzibars  ° e Ile; P PR - Vanuatu rench e ®
Yne ®Cocos-° Sl ®\x17samples ¢ Fiji Toh aPOIyneS.'e
. Madagascar Keeling Is. ®) ®e 0,09 - eo:)k
%0 N Sp@ley Australia .).o *® New Caledonia Islands
(]
® o ® O
o cean Data .
= South Africa .‘I.O \‘{xgsamp[es
[ )}

P’o ©@®
po ©
® Analyzed @ Sampled, but notAnaIyzed‘ — N

Measuring the Genetic Diversity

h o f ‘ MICROBIOLOGY - N |
Suly, INITATIVE of Ocean Microbes

;ﬁcamera ?MOORE J. Craig Venter ‘il"’

Marine Microbial Ecology rio N NS T YT UTE
L



The Human Microbiome Is a Microbial Environment
Being Metagenomically Sampled
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&, Data & Tools = Project Samples

~| Project Samples |-~ hide (2 helo

Project: \Human Distal Gut Biome project v| & View project () Export as CSV

1-30f3 oo Advanced Sort prey 20 | goto ¥
Bifidobacterium Longum ‘ 2.6 MB | Human Stool " Hurnan Gut " 0°N | 0oy
Methanobrevibacter Smithii 7 10.7 MB | Human Stool | Hurnan Gut ! 0°N | 0"y
Uncultured Bacteria 196.4 MB | Human Stool | Human Gut 5 0°N | 0%y

1-30f3 = Show: 102050 prev 20 | goto v| next 20

/—[ Project Samples J— ~hide (7 help

Project: | Human Microhiome Project v| e Mieww project () Export &5 CSY

1-4aofd [l Acvanced Sort goto ™
HMP16S BCHM 1153 MB 0°M 0
HMP16S JCWI 121 MB | CORPUS 0°M 0
HMP16S WIBR 1424 MB 0°M 0
HMP165 WUGST 166.9 MB 0°M 0

1-4ofd = Show: 102050 goto ¥

* W
—)MOORE (04

FOUNDATION



CAMERA and NIH Funded Weizhong Li Group’s Metagenomic

Computational NextGen Sequencing Pipeline
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What is a “Healthy” Gut Microbiome?
Dominated by Bacteroidetes and Firmicute Phyla
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Firmicutes
Actinobacteria

Bacteroidetes
Proteobacteria
Fusobacteria
Tenericutes
Spirochaetes

Cyanobacteria
! Verrucomicrobia
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Source: “Structure, function and diversity of the healthy human _ ‘ﬁ

microbiome,” HMP Consortium, Nature, 486, 207-212 (2012)



To Map My Gut Microbes, | Sent a Stool Sample to
the Venter Institute for Metagenomic Sequencing
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Gel Image of Extract from Smarr Sample-Next is Library Construction
Manny Torralba, Project Lead - Human Genomic Medicine o
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Phyla Gut Microbial Abundance Without Viruses:

LS, Crohn’s, UC, and Healthy Subjects

Source Welzhong Li, UCSD CaI|t2 FuturePatlent Expedltlon
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Almost All Abundant Species (21%) in Healthy Subjects

Are Severely Depleted in LS Gut
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Source: Sequencing JCVI; Analysis Weizhong Li, UCSD
LS December 28, 2011 Stool Sample
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Comparing 3 LS Time Snapshots (Left)
with Healthy, Crohn’s, UC (Right Top to Bottom)

GraphLayout

Calit2 VROOM-FuturePatient Expedition



We Find Major Shifts in Microbial Ecology

Between Healthy and Two Forms of IBD

Ave. Healthy
®m Bacteroidetes

®m Firmicutes

Microbiome “Dysbiosis” = Proteobacteria

or “Mass Extinction”? m Actinobacteria

® Fusobacteria
W Euryarchaeota

Ave. Ulcerative Colitis LS Apr 2012 Ave. Crohn's

Collapse of
On the IBD Spectrum Bacteroidetes
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Major Changes in LS Microbiome Before and After

1 Month Antibiotic & 2 Month Prednisone Therapy

LS Jan 2012 LS Apr 2012
Reduc

Redu

Therapy Greatly Reduced Two Phyla,
But Massive Reduction in Bacteroidetes
And Large % Proteobacteria Remain

W Bacteroidetes
® Firmicutes

™ Proteobacteria How Does One Get Back

LS Aug 2012

Small Changes
With No Therapy

W Actinobacteria to a “Healthy” Gut Microbiome?

W Fusobacteria

™ Euryarchaeota




From War
to Gardening
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:9:' tﬁ A% “I would like to lose the language of warfare,”
" e 89 said Julie Segre, a senior investigator at

the National Human Genome Research Institute.
"It does a disservice to all the bacteria
that have co-evolved with us
and are maintaining the health of our bodies.”

" (g



From Taxonomy to Function:

Analysis of LS Clusters of Orthologous Groups (COGSs)

® General function prediction only
® Function unknown
® Translation, ribosomal structure and biogenesis
® Replication, recombination and repair
m Amino acid transport and metabolism
® Transcription
m Carbohydrate transport and metabolism
m Cell wall/membrane/envelope biogenesis
m Energy production and conversion
® Inorganic ion transport and metabolism
m Coenzyme transport and metabolism
# Nucleotide transport and metabolism
m Posttranslational modification, protein turnover, chaperones
® Signal transduction mechanisms
m Defense mechanisms
® Lipid transport and metabolism
u Intracellular trafficking, secretion, and vesicular transport
1 Cell cycle control, cell division, chromosome partitioning
1 Secondary metabolites biosynthesis, transport and catabolism
w Cell motility
Chromatin structure and dynamics
m RNA processing and modification
" Cytoskeleton

Extracellular structures

J. Craig Venter @ UC San Diego SDSC ‘ils)

I'N S T I TUTE Apalysis: Weizhong Li & Sitao Wu, UCSD




What is Adequate Metadata

to Define the Environment of the Human Microbiome?

* Need the Variables that Determine Relative
Abundances of Microbial Species
— Genetics of Host
— Immune System Variables
— Other Environmental Variables (Food, Antibiotics, etc.)

« At What Scale Do We Need These Metadata Variables?
— SNPs vs. Full Genome

— Medical Tests vs. Proteomics, Metabolomics,
Transcriptomics

— Phenotyping of Signs and Symptoms




