
Q: What do boat-boring
bivalves and stinkbirds have
in common?
A: Their guts are just two of 44
new CSP 2009 targets.

In the continuing effort to
tap the vast, unexplored reaches
of the Earth’s microbial and
plant domains for bioenergy
and environmental applications,
the DOE JGI has announced its
latest portfolio of DNA sequenc-
ing projects for the coming year.
The 44 projects, culled from
nearly 150 proposals received
through the Community
Sequencing Program (CSP), will
collectively generate more than
60 billion nucleotides of data.

“The scientific and techno-
logical advances enabled by

the information that we gener-
ate from these selections
promise to take us faster and
further down the path toward
clean, renewable transporta-
tion fuels while affording us a
more comprehensive under-
standing of the global carbon
cycle,” says Eddy Rubin, DOE
JGI Director. “The range of
projects spans important ter-
restrial contributors to bio-
mass production in the Loblolly
pine—the cornerstone of the
U.S. forest products industry—
to phytoplankton, barely visible
to the naked eye, but no less
important to the massive gen-
eration of fixed carbon in our
marine ecosystems.”

With new

Genomics is accelerating
improvements for converting
plant biomass into biofuel, thus
bringing closer to reality wide-
spread use of an alternative to
fossil fuel for the world’s trans-
portation needs, reports Eddy
Rubin, DOE JGI Director, in the
August 14 edition of the jour-
nal Nature. In “Genomics of
cellulosic biofuels,” Rubin lays
out a path for how emerging
genomic technologies will con-
tribute to a biofuels future that
is substantially different from
the present corn-based ethanol
industry—and in part mitigate
the food-versus-fuel debate. 

“The Apollo moonshot and
the Human Genome Project
rallied support for massive
R&D efforts that created the
capabilities to overcome
obstacles that were not con-
templated at the outset of
these initiatives,” says Rubin.

“Similarly, today’s barriers to
improving biofuels are signifi-
cant, but genetics and genomics
can catalyze progress towards
delivering, in the not-too-distant
future, economically viable and
more socially acceptable biofu-
els based on lignocellulose.”

While Rubin acknowledges
that this strategy is in its
infancy, rapid progress is
being made.   

“Over the past 10,000
years, wild plant species were
selected
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Among the CSP 2009 targets is the contents of the enlarged crop
of the Hoatzin, Opisthocomus hoazin, or Amazonian stinkbird, which
is unique among known avian species by virtue of its fermentative
foregut. 

Director Rubin
Reviews
Genomics of
Biofuels in
Nature
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The newly sequenced genome of a dainty,
quill-like sea creature called a lancelet
provides the best evidence yet that verte-
brates evolved over the past 550 million
years through a four-fold duplication of the
genes of more primitive ancestors.

The late geneticist Susumu Ohno
argued in 1970 that gene duplication was
the most important force in the evolution
of higher organisms, and Ohno’s theory
was the basis for original estimates that
the human genome must contain up to
100,000 distinct genes.

Instead, the Human Genome Project
found that humans today have only 20,000
to 25,000 genes, which means that, if our
ancestors’ primitive genome doubled and
redoubled, most of the duplicate copies of
genes must have been lost. An analysis
of the lancelet—or amphioxus—genome,
being published in the June 19 issue of
Nature, shows this to be the case.

“Amphioxus and humans had a com-
mon ancestor 550 million years ago, which
allows us to use amphioxus as a surrogate
for that ancestor in terms of understanding
how vertebrate genomes evolved,” says
Daniel S. Rokhsar, a faculty member in the

University of
California, Berkeley’s
Center for Integrative
Genomics and pro-
gram head for com-
putational genomics
at the DOE JGI.
Rokhsar and post-
doctoral fellow Nicholas H. Putnam per-
formed the  genome-wide analyses of the
amphioxus genome sequenced by JGI and
are lead authors of the Nature paper.

For more information, visit: berkeley.
edu/news/media/releases/2008/06/
18_lancelet.shtml

were the subject of recently published
studies. These include the metagenomic
and functional analysis of a microbial com-
munity from Lake Washington in Seattle
(Nature Biotechnology, August 2008), a
hypersaline microbial mat (Molecular
Systems Biology, June 3, 2008), and the
airborne metagenome in an indoor urban
environment (PLoS One, April 2, 2008).

“The IMG/M system is the most com-
prehensive and constantly evolving resource
for analyzing metagenomic data, offering
an array of valuable analysis tools in con-
junction with links to major public data-
bases,” says Nature Biotechnology paper
author Ludmila Chistoserdova, a microbi-
ologist at the University of Washington.
“While very powerful, the system is user-
friendly and intuitive, a true ‘one-stop-
shop’ for metagenomics researchers.” 

More details on IMG/M are available at:
img.jgi.doe.gov/img_mw_v241/doc/
releaseNotes.pdf.

A special version of IMG, IMG/EDU, has
been established to support DOE JGI’s
Education Program in Microbial Genome
Annotation for teaching microbial genome

analysis and annotation using specific
microbial genomes in the comparative con-
text of all the genomes available in IMG
(www.jgi.doe.gov/education/genomeanno-
tation.html).

“IMG/EDU will serve as the core of a
web-based portal that enables undergradu-
ates to participate in microbial genome
annotation,” says Cheryl Kerfeld, head of
DOE JGI’s Education Program. “Currently,
students at 12 schools nationally are
using the portal in their molecular biology,
genetics, microbiology, and biochemistry
courses in which they examine gene calls
and annotate genes and biochemical path-
ways. By helping to build curated genomes
with researchers across the globe, under-
graduates will discover the concepts and
applications of bioinformatics using
IMG/EDU.” 

IMG/EDU was developed and imple-
mented by Nikos Kyrpides, Natalia Ivanova,
Kostas Mavrommatis of the JGI Genome
Biology Group and Victor Markowitz, Amy
Chen, Ken Chu, Krishna Palaniappan,
Ernest Szeto, Yuri Grechkin, and Anna
Ratner of the Lawrence Berkeley National

Laboratory (LBNL) Biological Data Manage-
ment and Technology Center (BDMTC).

An additional resource, IMG/ACT, 
provides support for managing student
classes and assignments, as well as for
sharing teaching materials and guiding
students in their study of gene calls and
functional annotations (jgi.doe.gov/
education/annotation_tools.html). 

IMG/ACT was developed and imple-
mented by the JGI Scientific and Institutional
Application Group’s Anthony Kosky, Rene
Perrier, David Hays, Joni Fazo, Leila
Hornick, Kristen Taylor, Mike Brodhead,
as well as the JGI Education Program’s
Kerfeld and Edwin Kim, with input from
the 12 faculty members nationwide who
are participating in the pilot.

IMG (img.jgi.doe.gov), IMG/M
(img.jgi.doe.gov/m), and IMG/EDU
(img.jgi.doe.gov/edu) are the result of a
collaboration between the DOE JGI and
BDMTC.

For more information on the Microbial
Genomics & Metagenomics (MGM)
Workshop, go to: www.jgi.doe.gov/
meetings/mgm/index.html 

IMG Upgraded cont. from page 2

no
table

 pu
blicatio

ns

Lancelet Genome Shows How Genes Quadrupled
During Vertebrate Evolution



As Aesop said, appearances are
deceiving—even in life’s tiniest critters.
From its discovery in the 1880s, clinging
to the sides of an aquarium, to its recent
characterization by the DOE JGI,
Trichoplax adhaerens, a simple and primi-
tive animal, appears to harbor a far more
complex suite of capabilities than meets
the eye. In a paper in the August 21
online edition of the journal Nature, a
team of scientists establishes this organ-
ism as a branching point of animal evolu-
tion and identifies a set of its genes, or a
“parts list,” that has evolved along partic-
ular branches of the tree of life.

“Our whole genome analysis supports
placing the placozoans after the sponge
lineage branched from other animals,” says
Daniel Rokhsar, the paper’s senior author.
Rokhsar is head of DOE JGI’s Computational
Genomics Program and Professor of
Genetics, Genomics, and Development at
the University of California, Berkeley.

The analysis of the 98 million base-pair

genome of Trichoplax (literally “hairy-plate”)
illuminates its ancestral relationship to
other animals. However, despite the find-
ing, Trichoplax is the sole member of the
placozoan (“tablet,” or “flat” animal) phy-
lum whose relationship to other animals,
such as bilaterians (such as humans,
flies, worms, and snails) and cnidarians
(such as jellyfish, sea anemones, and
corals), and sponges is contentious. 

Earlier mitochondrial DNA studies sug-
gested that this “mother of all metazoans,”
Trichoplax, was the earliest branch, before
sponges diverged, but this remains debat-
able—even among collaborators.

A Simple Yet Complex Organism

Originally collected from the Red Sea,
and cultured over the last 40 years in the
laboratory, Trichoplax is a two-millimeter
flat disk containing fluid sandwiched
between two cell layers. It lacks organs
and has only four or five cell types. Yet,
despite its apparent simplicity, its genome
encodes a panoply of signaling genes and
transcription factors usually associated
with more complex animals. 

“Trichoplax has had just as much time
to evolve as humans, but because of its
morphological simplicity, it is tempting to
think of it as a surrogate for an early ani-
mal,” says Mansi Srivastava, the study’s
first author and a graduate student under
the direction of Rokhsar at the Center for
Integrative Genomics, U.C. Berkeley.

“Trichoplax is an ancient lineage—a
good representation of the ancestral
genome that is shedding light on the
kinds of genes, the structures of genes,
and even how these genes were arranged

on the genome in the common ancestor
600 million years ago,” says Srivastava.
“It has retained a lot of primitive fea-
tures relative to other living animals.”

Further research is underway to defin-

itively place the organism’s evolutionary
position. “The latest and most complex
analysis again suggests that placozoans
populated the oceans long before sponges
evolved,” says Bernd Schierwater, director
of the Institute of Animal Ecology & Cell
Biology and head of the Center for
Biodiversity at TiHo Hannover, Germany.
Schierwater, a study co-author, joined
Stephen Dellaporta and Leo Buss of Yale
University in proposing the Trichoplax
sequencing project in 2004 to DOE JGI’s
Community Sequencing Program.

“The outcome of the Trichoplax
adhaerens genome sequencing is so
exciting that we are now culturing another
13 placozoan species in order to identify
the most basal placozoan lineage and
genome,” says Schierwater. 

Trichoplax has no neurons, but has
many genes that are associated with neu-
ral function in more complex animals. “It
lacks a nervous system, but it still is able
to respond to environmental stimuli,”
explains Rokhsar. “It has genes, such as
ion channels and receptors, that we asso-
ciate with neuronal functions, but no neu-
rons have ever been reported.” 

Not So Distant From the Human
Genome

Of the 11,514 genes identified in the
six chromosomes of Trichoplax, 80 percent
are shared with cnidarians and bilaterians.
Trichoplax also shares more than 80 per-
cent of its introns—the regions within genes
that are not translated into proteins—with
humans. Even the arrangement of genes
is conserved between the Trichoplax and
human genomes. This stands in contrast
to other model systems such as fruit flies
and soil nematodes that have experi-
enced a paring down of non-coding regions
and a loss of the ancestral genome
organizations.

Genome of Simplest Animal Reveals Ancient Lineage,
Confounding Array of Complex Capabilities 
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Dan Rokhsar and
Mansi Srivastava co-
authored a paper in
Nature on Trichoplax,
an organism identi-
fied as a branching

point on the
tree of life.
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