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Venter has revealed a second twist in his genomic self-examination.

Venter was discussing his Global Ocean Voyage, in which he used his  scousones o
personal yacht to collect ocean water samples from around the world.

He then used large filtration units to collect microbes from the water

samples which were then brought back to his high tech lab in Rockville, MD where he
used the same methods that were used to sequence the human genome to study the
genomes of the 1000s of ocean dwelling microbes found in each sample. In discussing the
sampling methods, Venter let slip his latest attack on the standards of science — some of

the samples were in fact not from the ocean, but were from microbial habitats in and on
his body.

“The human microbiome is the next frontier,” Dr. Venter said. “The ocean voyage was just

And now that my genome is nearly complete, why not use myself as the model for human
microbiome studies as well. ”

It is certainly true that in the last few years, the microbes that live in and on people have
become a hot research topic. So hot that the same people who were involved in the race to
sequence the human genome have been involved in this race too. Francis Collins, Venter

main rnmnetitnr and ctill the dirertar af the Natinnal Hiiman (Gennme Recearnrh Tnctitute

a cover. My main goal has always been to work on the microbes that live in and on people.
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Microbial Diversty w/ New Data

* Sequence data continues to revolutionize
studies of microbial diversity

* To best take advantage of it:
* Better genomic sampling
» Better methods to use phylogeny




Whatever the History:

Trying to Incorporate it is Critical
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Part |: Better Sampling
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In this project, the power of genome sequencing will be harnessed to better understand the bacterial
branches of the Tree of Life. This "phylogenomics” project, which will integrate genomic and phylogenetic
studies, is one segment of the National Science Foundation’s "Assembling the Tree of Life” program,
What's New announced this week.

Home

The first complete genome sequence of a free-living organism was determined at The Institute for

Project Genomic Research (TIGR} in 1995, In the years since then, complete genome sequences have been

Summary determined for a wide diversity of species )
including bacterial pathogens, extremophiles, f
protistan parasites, plants, animals, and fungi. =

FPeaople h h . -
While these include representatives from each ERETERTR 2 =

of the three major branches in the tree of life

(the Bacteria, Archaea and Eukarya) only a
Results limited subset of each of these groups has

been studied. In particular, despite the vast

diversity of bacterial species and their
News/Press importance as pathogens and the foundation
of many ecosystems, many major groups have
been neglected.

!
N

EBroader

Impact The goal of this project, a collaboration

between TIGR and the Center of Marine
Links Biotechnology (COMEY), is to fill some of the
gaps in our knowledge in the bacterial

domain. Specifically, this project involves - EUKARYOTES ‘1 |
SAB sequencing the complete genomes of 2 |
representative strains of eight bacterial phyla. 2 g
Each phylum represents a major branch in the Vo - ﬁ’ a
TIGR "Tree of Life" and the phyla that were selected =

(Chrysiogenetes, Deferribacteres, .
Dictyoglomus, Mitrospira, Coprothermabacter, Synergistes, Thermodesulfobacteria, and
Thermomicrobium) have not yet been explored using whole genome sequencing.

The data from these genome sequences will then be used

1. to improve the understanding of the complex phylogenetic relationships among major bacterial
phyla

2. to provide information and resources that will allow scientists to examine the evolutionary
relationships within these poorly understood phyla in more depth than is now possible and

3. to launch experimental studies on the biology and physiology of organisms in these phyla.
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GEBA Lesson 1:

The rRNA Tree of Life is a Useful Tool
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FIGURE 5.17. A phylogenetic tree with representatives of each of the three domains of life. The tree is based primarily on
analysis of sequences of small-subunit rRNA molecules. It is believed that the positions of some organisms in this tree do nof]
accurately reflect their true phylogenetic position {e.g., see Box 8.1 for a more thorough discussion of the evolution of eukary

otes and the back endpaper for a more up-to-date tree). Nevertheless, the division of life into three domains is supported by

analyses of many other characteristics.

redrawn from Pace N 1977 American Association for the Advancement of Science

Evolution © 2007 Cold Spring Harbor Laboratory Press

From Wu et al. 2009 Nature 462, 1056-1060
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GEBA Lesson 2:

The rRNA Tree of Life is not perfect ...
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GEBA Lesson 3:

Phylogeny improves genome annotation

* Took 56 GEBA genomes and compared results vs. 56
randomly sampled new genomes

 Better definition of protein family sequence “patterns”

» Greatly improves “comparative™ and “evolutionary”
based predictions

« Conversion of hypothetical into conserved hypotheticals
 Linking distantly related members of protein families
* Improved non-homology prediction




GEBA Lesson 4 :

Metadata Important
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GEBA Lesson 5:




Protein Family Rarefaction

» Take data set of multiple complete
genomes

* Identify all protein families using MCL
* Plot # of genomes vs. # of protein families
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GEBA Lesson 6:

Improves Analysis of Uncultured




Phylogenetic tree

DNA
extraction ‘ PCR
ﬁ | ﬁ
Makes lots of
PCR copies of the
rRNA genes
\\ in sample

Sequence
rRNA genes

N

Sequence alignment = Data matrix

l rRNA3
E. coli Humans

rRNA1 AlCIA|C|A|C
rRNA2 TIA|C|A|G|T
C|lA|C|T|G|T

rRNA4 C|lA|C|A|G|T
E. coli AIG|A|C|A|G
Humans | T|A| T|A|G| T
Yeast TIA|CIA|G|T

rRNA3

5'...ACGGCAAAATAGGTGGATT
CTAGCGATATAGA... 3




| DNA
extraction

——)

Phylogenetic tree

Shotgun

Sequence alignment = Data matrix

Sequence

N

Gene 3

5'...ACGGCAAAATAGGTGGATT

CTAGCGATATAGA... 3

Gene 1 A|C|A|C|A|C
Gene 2 TIA|C|A|G|T
Gene 3 CIA|C|T|G|T
Gene 4 CIA|C|A|G|T

E. coli AIG|A|C|A|G
Humans | T|A| T|A|G| T

Yeast TIA|CIA|G|T
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rRNA Phylotyping Sargasso Data

Venter et al., Science 304: 66. 2004

—— «a-Proteobacteria




Venter et al., Science 304: 66. 2004
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Weighted % of Clones
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Metagenomics




Binning challenge




Other Markers
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Other Markers
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GEBA Now

* 300+ genomes
* Rich sampling of major groups of
cultured organisms

« Zoomed in sampling of haloarchaea,
cyanobacteria and more




Part 2: Better Methods
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Beyond Moore’s Law
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Beyond Moore’s Law
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Method 1: Each is an island

 Each new sequences is an island

 Take reference data
* Build alignment, models, trees

* Add new sequence to reference alignment
and build tree




ss-rRNA query sequence

!

Step 1: make domain assignment

|

Step2: use BLASTN to select related data set

|

build and trim alignments

!

build a maximum likelihood tree

!

make initial taxonomic assignment using mid-point rooting

!

Step 3: create mini database of sequences one level up plus 2 outgroup sequences

!

build and trim alignments

!

build a maximum likelihood or neighbor-joining tree

‘

make taxonomic assignment using outgroup rooting

Bacteria

X

Each sequence
analvzed seoaratelv

Eukaryotes

Wu et al. 2008 PLoS One




AMPHORA

Wu and Eisen Genome
Biology 2008 9:R151
doi:10.1186/
gb-2008-9-10-r151
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Phylotyping w/ Proteins
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Method 2: All in the family

« Combine new sequences into one tree

 Take reference data
* Build alignment, models, trees

» Add all sequences to reference alignment
and build tree




Phylogenetic Challenge
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Phylogenetic Challenge
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Phylogenetic Challenge
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rRNA Phylotyping Sargasso Data

Venter et al., Science 304: 66. 2004

—— «a-Proteobacteria




Venter et al., Science 304: 66. 2004
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Phylogenetic Challenge
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Method 3: All in the genome

« Combine new sequences from different
gene families into one tree

 Take reference data
* Build alignment, models
« Concatenate

* Add all sequences to reference alignment
and build tree
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Weird Stuff is Out There
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II: More Gene Families
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lll: Zoom in on Lineages
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IV: Better Reference Tree




V: Uncultured Lineages
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PD: Genomes
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PD: Isolates
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Uncultured Lineages:

* Get into culture

* Enrichment cultures

* If abundant in low diversity ecosystems
* Flow sorting

* Microbeads

* Microfluidic sorting

* Single cell amplification
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Experiments?

Need Experiments from Across
the Tree of Life too
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e Some studies
in other phyla

e Same trend in
Eukaryotes
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