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Mount Diablo, looming over Walnut Creek, California,
the home of the DOE Joint Genome Institute



DOE JGI Mission

The mission of the U.S. Department of Eézergy Joint Genome Institute
s to serve the diverse scientific cammunizyf as a user facility, enabling the
application of large-scale genomics and qfna/ysis of plants, microbes, and
communities of microbes to address the DOE mission goals in bioenergy
and the environment.
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2010 marked a year of transitions for the U.S. Depart-
ment of Energy Joint Genome Institute (DOE JGI).
Changes occurred in DOE JGI’s sequencing technolo-
gies, in the information technology infrastructure that
underlies all of its processes, and in our perspective on the

genome capabilities that the Institute should offer in the

mature sequencing technology has been the mainstay of
production sequencing for the Institute’s first 10 years (we
had over 105 such machines during the peak of the human
genome sequencing efforts). With the steady improve-
ments in next-generation sequencers, it simply no longer
made sense to maintain the elaborate infrastructure and
costs associated with the support of the Sanger instruments.
Subsequently, DOE JGI has focused its production activities
on the evolving Illumina platform. A concerted effort was
made in the past year to provide computational and mo-
lecular biology support of the Illumina platform such that
the full complement of the DOE JGI's products — plant,
fungal, microbial, and metagenomic — could be gener-
ated with a data quality that our users have come to expect
from the Sanger platform, at dramatically reduced cost

and increased throughput. In addition, a third-generation

sequencing technology has been
brought online at DOE JGI, the
Pacific Biosciences (PacBio) Single

Cell Molecular Real-Time Detection

long reads will complement the massive data output of
the short-read Illumina technologies in the coming year
to supply our users with improved genomic products.
With the DOE JGTs transition to more data-intensive
technologies, we sought to maximize our in-house com-
putational capabilities while also tapping into a more robust
computational infrastructure. In 2010, we signed a formal
Memorandum of Understanding and partnered with the
Lawrence Berkeley National Laboratory’s National Energy
Research Scientific Computing Center (NERSC) Divi-
sion to more closely integrate DOE JGI staft and com-
puting capability with this world-class institution. This
alliance represents a coming-of-age for the combined
genomics and high performance computing enterprise.
NERSC has a successful track record in responding to
these kinds of massive-scale data challenges, even though
the tasks DOE JGI presents are quite different from
NERSC’s more traditional High-Performance Comput-

ing workload. Data-centric computing is an important

Eddy Rubin with Production head
Susan Lucas at the DOE JGI Sanger
phase-out ceremony

future direction for NERSC, and

with genomics and subsequent

levels of complex -omics data, we
foresee exponential increases in computa-

tion and storage requirements, which NERSC is
well positioned to handle for us.

Our ever-expanding primary user community — over
1,800 principal investigators, co-Pls, collaborators, and
genome annotators on active DOE JGI Genome Projects
in FY 2010 — continues to benefit from access to DOE
JGI’s data generation and analysis capabilities.

A particularly important metric of DOE JGI is the
wealth of contributions to the scientific literature, with
more than 150 journal papers connected to the DOE
mission areas of energy and the environment—of which
22 were manuscripts published in the high-impact jour-
nals Science, Nature, and PNAS.

Here is a sampling of just a few of the publications
from the past year:

* 'The comparative analysis, published in the journal
Science, of the genome of the multicellular alga Vo/vox
carteri with that of the unicellular alga Chlamydomonas
reinhardtii, which was previously sequenced by the
DOE JGI. The results have implications for how
these aquatic photosynthetic organisms can be engi-

neered and harnessed for potential biofuels.



* 'The publication in Nature Biotechnology of the genome
analysis of the white rot fungus Schizophyllum
commune, which joins another white rot and the first
brown rot fungus as the third wood-decaying fungus
completed by DOE JGI.

¢ 'The ability of leaf-cutter ants to tend a fungal “garden”
to optimize their ability to break down cellulose for
their nutrition — something that could be mimicked
for biofuels production improvements — was
described in a PLoS Genetics publication.

* The culmination of some Community Sequencing
Program (CSP) research on characterizing the foregut
microbiome of the Tammar wallaby. A metagenomic
analysis, published in the Proceedings of the National
Academy of Sciences (PNAS), revealed microbes found
therein that could be considered for new strategies for
breaking down plant biomass toward the production of
cellulosic biofuels.

¢ 'The study, published in Zhe Plant Cell, of the microalga
Chlorella variabilis that highlighted the pathway
through which the organism acquired the cell wall
component chitin, as well as mechanisms for carbon
capture and lipid production that may have implica-
tions for biotechnology applications.

¢ 'The first metagenomic analysis of a syntrophic com-

munity — where bacteria and archaea cooperatively break
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down organic matter — analyzed in the context of a
plastics wastewater system and published in the Iner-
national Society for Microbial Ecology ISME) Journal.
'The development of a new computational tool for mi-
crobial genome annotation quality control known as
“GenePRIMP,” which highlights errors that need to be
manually corrected — a feature that is critically im-
portant to the DOE JGI user community for their ef-
ficient use of these data, was published in Nazure Methods.
"The validation of two ribosomal RNA removal
methods have enabled the analysis of the subset of

genes that, for example, are transcribed under certain

environmental conditions, appeared in Nature Methods.

The genome analysis of the Western clawed frog
Xenopus tropicalis was reported in and appeared on the
cover of Science, recalling DOE JGIs prior emphasis
on understanding cell and evolutionary development
through sequencing.

As a footnote to the quality of DOE JGI science and
scientists, the journal Science, in its final issue of 2010,
had a list of the 10 most important “Insights of the
Decade.” DOE JGI investigators were key contribu-
tors to three of these insights:

1) Pioneering contributions to the field of paleoge-

nomics — the analysis of genomes from ancient

samples;

2) Debunking the notion of so-called “junk DNA,”
which had no immediately obvious associated
functions, and showing that evolutionarily con-
served DNA was frequently involved in gene regu-
lation; and

3) The development of the computational tools that
were employed by others to help characterize
nearly 1,000 microbial species found in the human

body—the human “microbiome."

In continuing to fill DOE JGI’s streamlined sequen-
cing and data analysis pipelines, the CSP portfolio has
grown and diversified. The 35 approved FY 2011 CSP
targets include arctic algae, barley (whose genetic code is
nearly equivalent to sequencing two full human
genomes), and microbial communities in deep-sea hydro-
thermal vents. Also, the Genomic Encyclopedia of Bacteria
and Archaea (GEBA) project continues to fill in unrepre-
sented branches of the Tree of Life with an analysis of an
additional 61 bacteria and archaea that could lead to the
identification of new proteins and subfamilies useful in
addressing DOE missions.

DOE JGI also continues to devote a significant
portion of its capacity to sequencing on behalf of the
three U.S. Department of Energy Bioenergy Research

Centers (BRCs). Our collaborations of the past year have



led to publications characterizing: a genus of heat-thriv-
ing, plant biomass-degrading bacteria (with the BioEn-
ergy Science Center, Oak Ridge, TN); the analysis of
leaf-cutter ant-fungal symbiosis (noted above, with the
Great Lakes BioEnergy Research Center, Madison, WI);
and microbial genes in arid grasslands (with the Joint

BioEnergy Institute, Emeryville, CA).

Looking ahead, The Grand Challenges:

With the dramatic increases in sequencing productiv-
ity, we have positioned DOE JGI to work on Grand
Challenge projects of tera- (trillion) and peta- (quadrillion)
base scale. Transitioning in project scale, among the most
notable achievements of the past year, published early in
2011 in the journal Science, is the massive analysis of the
network of organisms isolated from the cow forestomach—the
rumen. This work revealed the genomes and genes of pre-
viously uncharacterized plant-digesting microbes encod-
ing tens of thousands of enzymes that may possess pow-
erful capabilities for degrading biomass into simple sugars,
the essential first step in cellulosic biofuel production.

Another Grand Challenge advanced in 2010 was the
Great Prairie Soil Metagenome project. DOE JGI’s is
interested in the Great Prairie because this environment

sequesters the most carbon of any soil system in the United

management, carbon sequestration, and ecosystem pro-
ductivity. Other Grand Challenges include: A broad
survey of rhizobial (nitrogen-fixing organism) genomes
collected from distinct geographical regions, the first
large-scale attempt to understand the genetics involved in
plant-bacteria interactions; a large-scale comparative
analysis of Brassica genomes (e.g., Arabidopsis species, etc.),
and a broad sampling of the Earth’s microbiome — a
massive multidisciplinary, multi-institutional, and interna-
tional effort to analyze microbial communities across the
globe to produce a gene atlas describing (among other
features), environmental metabolic models for different
ecosystems.

As genome-enabled science advances further into the
second decade of the 21st century, DOE JGI is
involved in strategic planning to best position itself as the
user facility of the future. In the past decade, DOE JGI
has served largely as a DNA sequence generation facility
and as it goes forward, what is taking shape is a facility

that will provide users a variety of genomic and other

“-omics” capabilities in addition to DNA sequencing and
analysis. In refining our strategic planning we are engag-
ing our users to inform us about the kinds of science they
hope to be doing in the next five to 10 years and what

sorts of capabilities will be required to enable their science.

DNA synthesis, and the credtion, of large pieces of DNA

for genome engineering. e

DOE JGI remains committed to providing usersw1th
cutting-edge genomic technologies and the assog{ated
informatics support enabling the seamless data—'%o—
knowledge conversion required to address challe.ﬁges of
of discovery.

I look forward to apprising you of our progress alongf:

this exciting path.
Edward M. Rubin, MD, PhD

Director

DOE Joint Genome Institute
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DOE Mission cAreas

Bioenergy

e ' e The United States is the single largest consumer of petroleum-

. A\ based energy, and imports more than half of the amount used
domestically. Two-thirds of the energy consumed goes to
transportation and industry, which partially explains
the impetus behind the Department of Energy’s

focus on developing clean and sustainable alterna-

can be used as feedstocks for biofuel produc-
tion; identifying organisms (e.g., fungi and
microbes) with enzymes and pathways that can

break down the lignin and cellulose in plant cell

A J walls; and identifying organisms with enzymes

and pathways that can ferment sugars into biofuels.

The root of the Cassava plant con-
tains as much as 40 percent starch,
ranking among the top five crops in global T
starch production, making it a candidate biofuel
feedstock.




The Great Prairie sequesters the most carbon of any soil syster_.%w in the United
States. A comparative metagenomic analysis could enable m_o:re efficient car-
bon sequestration techniques as well as improve annual yiefds of biomass

for cellulosic biofuel production. i

Carbon Cycle

'The global carbon
cycle regulates the levels

-

Biogeochemistry

Beyond the carbon cycle, a wide spectrum of processes regulates

our natural environment, and the field of biogeo-

promoting plant growth and degrading organic ST chemistry explores th:éi,se biological, physical,

material. As microbes make up the largest component of the Earth’s biodi- geological, and ._.-':'chemical processes and
the reactians involved. DOE JGI

focuses on microbes and

versity, understanding how they metabolize carbon, and how environmental
changes affect these processes, is crucial. DOE JGI is sequencing several

microbes and microbial communities that influence carbon cycling. microbial communities that

Improved predictive models based on these data will facilitate the = ¢an degrade or otherwise

development of effective strategies toward reducing the eftects of { transform environmental

increasing carbon dioxide emissions on the global climate. contaminants such as

toxic chemicals or
heavy metals in order
to understand how

they restore and main-

Microbes make up the largest component
of the Earth’s biodiversity, and those that
thrive in extreme environments, such as
thermophiles found in hot springs, are of
interest to biofuels researchers looking for
enzymes that could be used to break down plant
biomass for cellulosic biofuel production.

tain the environment.
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DOE JGI — 1eam Science Realz’ze?;

Part of the Lawrence Berkeley National Laboratory
(Berkeley Lab), the DOE JGI in Walnut Creek,
California, carries out production-scale sequencing
and analysis augmented by specialized tasks drawn
from the specific capabilities provided by its partner
laboratories: Lawrence Livermore National Labora-
tory (LLNL), Los Alamos National Laboratory
(LANL), Oak Ridge National Laboratory (ORNL),
Pacific Northwest National Laboratory (PNNL), and
the HudsonAlpha Institute for Biotechnology (in
Huntsville, Alabama). The DOE JGI's 80,000-square-
foot headquarters in Walnut Creek has a staff of 285
employees, of which 250 are in Walnut Creek, which
draws primarily from Berkeley Lab and LLNL em-
ployees, and 35 additional employees at its other
partner locations.

'The DOE JGI Director, working with the DOE
JGI Joint Coordinating Committee (JCC), which
includes members from each of the partner laborato-
ries, coordinates the vision for the overall DOE JGI
as well as the activities carried out at each of the
partner labs. The JGI Director, representing the JCC,
communicates DOE JGIs technological and strategic
vision to the DOE Office of Biological and Environ-
mental Research (OBER), and funding decisions are

based upon these discussions.

e

DOE JGI User Community

next-generation cellulosic and other biofuels through

~. focused efforts on biomass improvement, biomass

DOE JGI's user facility approach is based on the
concept that by focusing the most advanced se-
quencing and analysis resources on the best peer-
reviewed proposals drawn from a diverse community
of scientists, DOE JGI will both catalyze creative
approaches to addressing DOE mission challenges
and advance genomic science. This strategy has
clearly worked, only partially reflected in the fact
that DOE JGI has played a major role in more than
50 papers published in the prestigious journals
Nature and Science alone over the past three years.
The involvement of a large and engaged community
of users working on important energy and environ-
mental problems has helped maximize the impact of
DOE JGI science.

The Community Sequencing Program (CSP) was
created to provide the scientific community at large
with access to high-throughput sequencing at DOE
JGI. Sequencing projects are chosen based on scien-
tific merit — judged through independent peer
review — and relevance to the DOE mission.

DOE JGI’s largest customers are the DOE Bio-
energy Research Centers (BRCs), launched in 2007

to accelerate basic research in the development of

“degradation, and strategies for fuels production. The

tﬁ'rge centers are the Joint BioEnergy Institute (JBEI)
led B}{.Berkeley Lab and located in Emeryville, Cali-
fornia;...'t'h..e BioEnergy Science Center (BESC) at
(OF13 Ridéé—..National Laboratory; and the Great
Lakes Bioer;ér,gy Research Center (GLBRC) at the
University of Wils.consin, Madison. By agreement
with DOE, the BRC projects are afforded top prior-
ity for sequencing ar;-&.,gnalysis at DOE JGI.

After the BRCs, the.'.D,..OE JGI user community
draws heavily from acaden‘.ﬁc.. research institutions,
along with the national Iabor.-:f[tgries, federal agencies,
and a small number of compani.gfs,‘.Worldwide, there
are more than 1,800 unique collabg'fg_ttors on active
projects. The broader user communit};'“T composed
of investigators, collaborators, and anno’&h;s)rs —is
engaged in collaborations that are global in-."ngture.
In addition, DOE JGI’s influence is eXtensive:"egn—
sidering that hundreds more researchers every yt;.za"r,_.
tap sequence data posted by DOE JGI on its nume'f'*-.._
ous genome portals and at the National Center for
Biotechnology Information’s (NCBI) GenBank.
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A list of the 2010 DOE JGI Annual Genomics of Energy

and Environment User Meeting speakers can be found in

Appendix E.
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For the 2011 Community Sequencing Program call,
researchers were invited to submit proposals for projects
that advance capabilities in fields such as large-scale
resequencing, single-cell genomics, and metatranscrip-

tomics, while remaining relevant to the DOE missions of

bioénergy,

alone, the JGI’s sequence output has increased fivefold to "~
5 terabytes or 5 trillion nucleotides. Connected with the

increased productivity, we're beginning to position the

22



JGI to work on projects of tera- and petabase scale. This
highlights one of the directions genomics is going as data
output begins to rival the output of the high-energy
physics and astronomy communities.”

A total of 35 new genomic sequencing projects, com-
posed mostly of large-scale projects, was selected for DOE
JGI's Community Sequencing Program (CSP) to be charac-
terized for bioenergy and environmental applications.

.Of the approved proposals, two involve plant genomes
and .t.;}iio___involve algal genomes; 10 are fungal projects;
nine are r.;i'i,_crobial projects (six of them involve single-cell

genomics); and 12 are either metagenome (microbial

communities) or metatranscriptome projects. The projects
make the most of DOE JGTI’s increased sequencing
capacity, allocating 10 terabases, a 30-fold increase com-
pared with last year’s one-third of a trillion nucleotides.
Researchers at DOE JGI have been among the pioneers
of the methodology known as single-cell genomics, in
which the DNA isolated from a lone cell is amplified,
allowing researchers to study the genomes of organisms
that have not or cannot be cultured in a laboratory setting.
This is a critically important capability, as it is well known
among microbiologists that 99 percent of the microbial

world is difficult to grow in culture and thus very difficult

to study. Two-thirds of the approved CSP 2011 microbial
projects involve the use of single-cell genomics to learn
more about uncultured microbes found in ecosystems
such as deep-sea hydrothermal vents and terrestrial
subsurface aquifers.

Metatranscriptomics focuses on the complex region of
the complete genetic code that is transcribed into RNA
molecules and provides information on gene expression
and gene function. Half of the metagenomic projects
approved also involve plans to conduct metatranscrip-

tomic studies.
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portfolio,and DOE
JGTIs largest project to
date, is the genome of
barley, with an antici-
pated 5-billion base
“-.genome (67 percent larger

than t.'l'iénhpman genome). Pro-

Barley (Dag Endresen)

posed by Ga;j'/"M'uehlbauer of
the University of Minnesota, barley ranks ﬁfthm the
world among all crops cultivated and is grown on 4..iﬁﬂlign
acres in the United States alone. From an agricultural .
standpoint, barley has been extensively used in crop rota-
tion, so farmers have the infrastructure and cultural
knowledge needed to sustain cereal crop production on an
annual basis. From a bioenergy perspective, the crop can
be used to produce ethanol from the grain or for cellulosic
ethanol from the straw. The genomic data will be useful
for researchers wishing to conduct comparative genomic
studies with other grasses such as wheat, rice, sorghum,

and Brachypodium.
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distachyon

In 2010, the genome sequence of the wild grass

Brachypodium distachyon was published in the journal .-
Nature, to help researchers develop grasses
tailored to serve as feedstocks for biofuel
production. Under CSP 2011, 50
inbred lines of Brachypodium will
be sequenced and compared

with the previously sequenced
genome. Led by John Vogel
of the US Department of

Agriculture Agricultural

projé'c"t-w'ill further develop
genomic r;;,.ébug.ces for
Brachypodium an.&'"en_a..ble
the more rapid identiﬁ.(':.éih‘.,_.'
tion of candidate genes .’
involved in traits such as

drought tolerance that are of

interest to DOE. ' 2 ' e

B. distachyon (John
Vogel, USDA-ARS)



Examples of Chrysophyceae-Synura spp.
from Shishitsuka-Pond, Tsuchiura,
Ibaraki Pref., Japan (NEON/
Images)

Analyses of Green Algal Strains Planktonic Eukaryotes

Algae contribute significantly toward the total global Marine phytoplankton constitute
carbon sequestration, and they are a focus of attention asan  less than 1 percent of photosynthetic

alternate source of transportation fuels. The project involves biomass but account for

conducting genomic and transcriptomic sequencing of approximately half of the global
green algal strains from isolated acidic waters to under- photosynthesis. As sea levels in the
stand their role in the carbon cycle — specifically, how Arctic Ocean are changing, researchers

they can fix carbon. A noteworthy element is the project’s  are working to understand the impact
plan for student participation, as a way to boost under- on biological productivity. In this project
graduate education in genomics and informatics. The proposed by Connie Lovejoy from Laval
research team, which includes DOE JGI’s Education University in Canada, five protists.ggpre'é'é-r.i;ing
head Cheryl Kerfeld, the 2011 recipient of the American  different algal classes isglgged-~fr"(')'1;1 the Arctic Ocean

Society for Biochemistry and Molecular Biology Educa-  are being investjgate‘d"&)r adaptation to perennial cold

tion Award, intends to engage undergraduates in bioin- conditjpns‘%ihd for identification of genes linked to mix-
-------- . formatics using the data ~_..-otrophy — how certain microorganisms can assimilate
. collected from this™ organic compounds as carbon sources. A second goal

pr_,ojeéf seeks to characterize the horizontal gene transfer events

over evolutionary time of donor algal genes to the origi-
nal host protozoa. A third goal will be to link pigment
and lipid signatures with coding genes and transcripts.
This information will have downstream applicability for

research on algal biofuels as alternative energy sources.

Acid water lake in
abandoned mine
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Fungal “Projects

Aureobasidium pullulans

A black, yeast-like fur}gus;ﬁ;;;obasi—
dium Pul[ulc_l.ﬁx-th'rﬂi.\./gs in a variety of
., _gpvif’()'r'i.r'r.;ents and has been found
on plants, PVC pipes, and even on
the walls of the Chernobyl nuclear
power plant. Its genomic informa-
tion could help researchers studying

Cells ionizing radiation to develop new

of Aureobasidium . methods of assessing radiation effects.
pullulans var. pullulans. ™.
(Nina Gunde-Cimerman
and Cene Gostincar,
University of Ljubljana,
Slovenia)

‘Additionally, as recent studies indicate,
a s.;c.f‘ai.'n of this fungus has been found in
Arcticlélagiers, and researchers hope to
learn more..-é'b,(‘)ut its role in the carbon
cycle, especially as these glacial I;Eibiﬁats are being affected
by climate change. The project propc;é'ed. by Martina Turk
and Nina Gunde-Cimerman of the Uni\-;e"rs_ity of
Ljubljana in Slovenia calls for sequencing all'"fo.g_r A. pul-
lulans varieties. From a bioenergy perspective, thé"fupgus
may hold enzymes that can help break down biomas;;"a._.
underscoring the metabolic versatility of fungi and rel- .
evance to the DOE bioenergy mission. Identifying genes
involved in allowing the fungus to tolerate a number of en-
vironmental conditions could also lead to the develop-

ment of drought-tolerant and salt-tolerant crops.
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Fungal Pipeline

Two general strategies are employed by fungi in break-
ing down lignin. One used by white rot fungi involves
breaking down the lignin so that other enzymes or organ-
isms can break down the cellulose. A second process, used
by brown rot fungi, modifies but does not remove the
lignin, and focuses on degrading the cellulose. Genomic
information is now available for several white rot and
brown rot fungi but because of a lack of standard growth
conditions, and the use of various technological platforms,
researchers are having difficulty conducting intraspecific
comparative analyses. To remedy this, a team led by
Antonio Pisabarro of Spain’s Public University of Navarre
proposes developing a comparative transcriptomics pipe-
line. The pilot project involves a dozen brown rot and
white rot fungi whose genomes either have been or are in

the process of being sequenced by DOE JGI for their

", relevance to bioenergy and carbon cycling. Pisabarro and

hiis collaborators want to improve the process by which

gene ‘expressions and gene functions of these fungi are

compared.,

“diverse suite of mycorrhizal (plant root-associated) fungi,

Fasciola hepatica (J. Berkovec/
Wikimedia Commons)

Diwersity of Mycorrhizal Fungi

Building on previous work conducted on the Laccaria
bicolor genome and those of other symbiotic fungi, this

project will sequence a phylogenetically and ecologically

V\;hi_ch include the major clades of symbiotic species as- kYl
soci;'tqd with trees and woody shrubs. Analyses of these
genoméé.yvill provide insight into the diversity of mecha-
nisms for th¢ mycorrhizal symbiosis and those respon-
sible for pronlb{ing growth and health of domesticated
trees for bioenergy__.COmplcmenting another CSP 2011
project devoted to s..é"q}.lencing fungal wood decayers,
research into these geﬁémes will also illuminate the func-

tional basis of transitions between decayer and symbiotic

lifestyles. The taxa proposed
here include many rep-
resentatives of major
clades for which .
no genome data

are currently

available.

Rozella allomycis (Timo-
they Jamey/Wikimedia
Commons)




cMicrobial “Projects

Sulfidic ﬂguifer Subsurface Biofilms

'The terrestrial subsurface remains one of
the least explored microbial habitats on
Earth, and is critical for understanding
pollutant migration and attenuation, sub-

surface processes such as limestone dis-

Microoxic
zone in ltaly’s
Frasassi cave sys-
tem. (Copyright Maca-
lady Group (PSU) and
Coldigioco Café Science
Consortium)

processes (e.g., climate). Sulfur
is one of the 10 most abundant
elements on Earth, and its
complex redox chemistry and
tendency to polymerize have lead to a comparably complex
array of microbial sulfur metabolisms linking carbon,
sulfur, nitrogen, and iron in biogeochemical cycles. The
deep and sulfidic Frasassi aquifer (of Ancona, Italy) has
emerged as a model system for studying sulfur cycling in
the terrestrial subsurface. In addition, this sequencing
project by Jennifer Macalady of Penn State University has
relevance for understanding exoelectrogens (microorgan-
isms that can deposit electrons onto solids or molecules
outside their cell membranes). The survey may also yield
applications for wastewater treatment and associated fuel

cell bioengineering, as well as revealing capabilities rel-

evant for radionuclide, metal, and
organic pollutant remediation that

can be applied to environments at DOE subsurface sites.

Microbial Systems Ecology of Expand-
ing Oxygen Minimum Zones

Oxygen minimum zones (OMZs) are widespread

oceanographic features expanding due to global warming.

......

trends will decrease dissolved oxygen concentrations, causing
hypoxic boundary layer expansion. To properly diagnose
or mitigate these transitions, this project from Steven Hallam
of Canada’s University of British Columbia launches a
systems-level investigation of microbial community
responses to OMZ expansion, charting the gene expres-
sion patterns of indigenous microbial communities found
in coastal and open ocean OMZs in the eastern Subarctic
Pacific Ocean as part of an ongoing time series program
monitoring microbial community responses to changing
levels of water column oxygen deficiency. The results will
enable the development of in situ monitoring tools and

probabilistic models for intrinsic ocean processes. In addi-

Phytoplankton bloom off Vancouver Island, Canada.
(NASA, MODIS Rapid Response Team)

-, tion, the metabolic processes unfolding within these OMZs

h;'Ve,'potential application in the development of biologi-

cal enetgy alternatives and wastewater treatment processes.

M. icrabic;/' ’D.iversiz‘y of Etoliko Lagoon

Located in a 1,7065h_ectare wetland area of western
Greece, the Etoliko Lagc;i')’n_.essentially supports two eco-
systems by having both an oﬁgf;‘n—rich area and a distinct
oxygen-poor zone, which is noteci..fmg having increased

levels of sulfides and salinity. The lagoé'n.l_las high con-

~~~~~~

the genomic information collected will also
enrich DOE JGI’s ongoing GEBA project.

Sequencing the microbes found in Etoliko

Lagoon, v
Greece. (Kakouris
Spyridon/SpirosK photog-

raphy, www.flickr.com/
photos/spirosk)

the marine sediment offers research-
ers the opportunity to learn more
about anaerobic methane oxidation, a
globally important process that plays
a key role in reducing methane flux from marine sedi-
ments to the atmosphere, and how methane-oxidizing

archaea and sulfate-reducing bacteria coexist.
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Metagenomic “Projects

Hydrothermal Vent Microbial

Commzmiz‘y

Deep-sea hydrothermal vents

are one of the premier loca-

tions for discovering a

croorganisms capable
of fixing carbon dioxide
at the most extreme
conditions within our bio-
sphere. Hydrothermal

Grg_anisms utilize all six of the

Sampling at the hydrothermal
diffuse vent site ‘Crab Spa’
during a research cruise in
October 2008. (Stefan
Sievert, Woods Hole Oceano-
graphic Institution)

knox;i?h.,}_)iochemical pathways
for carb().ﬁ'-d'ioxide fixation, pro-
viding a wide-.'élr{ay of mecha-
nisms for inorgarﬁ"c'-c..arbon con-
version. This project from Peter Girguis of Harv;i"d.Uni—
versity represents the first comprehensive metagenogr.i'lc,_.
survey of hydrothermal vent microbial communities .
from three hydrothermal vent observatories and two

sediment-covered hydrothermal systems. Among the
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goals is to develop an extensive metagenomic database to
enable the first global assessment of community functional

potential, ecology and evolution at deep-sea hydrothermal

isms may also serve to convert feedstocks — ranging from
hydrogen and carbon dioxide gases to agricultural prod-

ucts — into energy dense transportation fuels.

Complete Shipworm Microbiome

As a wood-boring bivalve, the shipworm has two bac-
terial populations that can break down cellulose — one in
the gut and the other in a specialized organ in the gills.
DOE JGI sequenced the only shipworm species adapted
to cold water — Bankia setacea
— as part of the CSP 2009

portfolio to identify the

down wood for cellulosic

L. pedicellatus shipworm
(Damon Tighe, DOE JGI)

Microbial mats in Octopus
Spring, Yellowstene National
Park. (David Strong),

microbial communities in different
species of this “termite of the sea,”
including Lyrodus pedicellatus, a species
adapted to warm water. Wood-boring bivalves are the

only marine animals known to sustain normal growth and

reproduction feasting solely on wood.

Yellowstone Hot Spring Metagenome
Analysis

Chlorophototrophic organisms use photochemical
reaction centers to convert light energy into chemical

energy. The chlorophototrophic microbial mats of alka-

Penn State University, a deep metagenomic sequencing of

six microbial mat communities in YNP will provide



detailed analyses of community compositions and identi-
fication of major metabolic activities. These communities
are of interest because of their ability to capture and
efficiently convert solar energy into chemical/biological
energy; the important biogeochemical cycling that occurs
in these communities; their autotrophic carbon fixation
and carbon recycling; and because they offer an opportu-
nity to identify novel microorganisms that perform all of
the above functions. They may also provide useful infor-
mation on bioremediation because of the presence of
toxic chemicals in these springs, and the mechanisms and

evolutionary origins of photosynthesis.

be high compared with their opposite counterparts, the
acidophilic microbial communities, which consist of a few
dominating populations. Proposed by Gerald Muyzer of
the Netherlands’ Delft University of Technology,

sequencing the microbial communities
that inhabit soda lakes and soda
solonchak (salt marsh) soils will
provide insight into the .
molecular mechanisms for
adaptation to high pH and
high salinity, the carbon
dioxide-uptake mecha-
nisms, and the pathways
that generate energy from
sulfur compounds. In addi-

tion, the results should

used for biotechnological pur-
poses, such as enzymes that can
hydrolyze lignocellulose and other bio-
polymers (e.g., pectin, xylan, and chitin), Soda Lake in

Kenya’s Rift Valley,
East Africa

which can be used as novel feedstocks for the pro-

duction of biofuels or specialty chemicals.

For the complete list of CSP 2011 sequencing projects, see: http.//www.jgi.doe.gov/sequencing/cspseqplans2011.html

29




o ' . Switchgrass flower (Jeremy Schmutz, HudsonAlpha
L . Institute for Biotechnology)
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and interrogated to determine how the information can
be applied toward accelerating biofuels development and
understanding adaptation to climate change.

One of the genomes released in the past year was that
of the soybean (Glycine max), which appeared in the
January 14,2010, issue of Nature. This first legume species
to be sequenced was also the largest-to-date completed at
DOE JGI. The soybean, whose genomic information is
used to study nitrogen fixation, is also the primary source
of biodiesel production in the United States. A video of
Jeremy Schmutz — the study’s first author and a DOE
JGI scientist at the HudsonAlpha Institute for Biotech-
nology in Alabama — discussing the soybean genome
project can be viewed online at http://bit.ly/fWUc82.

In the February 12,2010, issue of Nazure, the Interna-
tional Brachypodium Initiative, a consortium that
includes researchers from DOE JGI, published the com-
plete sequence of the wild grass Brachypodium distachyon.
With this genome, researchers have been able to conduct
comparative genomic analyses across all three major grass
subfamilies to learn more about specific biological plant
traits that could improve their usefulness as candidate

energy feedstocks toward developing cellulosic biofuels.

A video of study lead author and DOE JGI collaborator

John Vogel of the U.S. Department of Agri-

genome project is online at http://bit.ly/
awNYWW.

Algae are another potential source of carbon-neutral
transportation fuel and in the July 9, 2010, issue of
Science, researchers led by DOE JGI and the Salk
Institute reported the 138 million nucleotide genome of
the multicellular alga Volvox carteri.

The work complements the genome of the unicellular
alga Chlamydomonas reinhardtii, which was sequenced by
DOE JGI in 2007 and is used by researchers working on
algal biofuel generation. The Volvox genome could have
similar applications.

DOE JGI collaborator and co-first author Jim Umen
at the Salk Institute noted Volvox can shift its energies
from producing food through photosynthesis to support-
ing the functions of its non-reproducing somatic cells.

“While we don’t yet understand this trait well, it could
factor into how photosynthetic organisms can be engi-
neered to do what we want, such as make biofuels or
other products, rather than what they typically do, which
is grow and make more of themselves,” he said.

DOE JGI bioinformaticist and co-first author Simon

Prochnik added that having the genomes of both Volvox

Juvenile spheroids of the green
alga, Volvox carteri, hatching from
¢ a parental spheroid. Each juvenile
contains about 2,000 tiny somatic
cells at the surface, and 16 large
reproductive cells (gonidia) deeper in the
sphere. Two days after their birth, each of the
juvenile gonidia will divide to produce a new juvenile
spheroid containing the same two cell types. (David Kirk,
WUSTL)

and Chlamydomonas has allowed researchers to identify
roughly 1,800 protein families unique to both algae. The
genomes also provide the opportunity to conduct com-
parative analyses to learn more about photosynthetic pro-
cesses and the transition from unicellularity to multicel-
lularity.

“Having the Volvox genome is a fantastic resource for
directing further research towards our target areas of
interest,” he said. “With this pair of algal genomes in hand, it
enables us to conduct much more detailed comparisons
than would be possible if we only had one species.”

An additional benefit to having two algal genomes for
comparison, he added, is the ability to study how a single-
cell ancestor evolved complex cellular processes in a short
evolutionary period. What the team found, he said, is “an
astonishing lack of innovation” in the Vo/vox genome
when compared with Chlamydomonas, particularly given

their completely different morphologies. “The notion



that ‘if you’re small, youre simple’is starting to unravel.
'The more unicellular organisms we sequence, the more
we see this.”

A video of Prochnik discussing the Volvox genome
project is available on YouTube at http://bit.ly/fiXbTp
and on SciVee at http://bit.ly/9kqePh.

Green algae are key components of the global carbon
cycle and from a bioenergy perspective, algae are increas-
ingly viewed as a viable feedstock for biofuel and biodie-
sel production because of their high lipid content.
However, algal viruses can infect up to a fifth of all algae
at any one time and impact their productivity.

To better understand the

"». interactions between algae
% and their viruses, an
% international team of

: researchers including

Genomics head
Igor Grigoriev has
i sequenced the
genome of the micro-
alga Chlorella variabilis
NC64A, a model system for

Paramecium bursarié"w{th symbiotic Chlorella cells. (Courtesy
of Jim van Etten, University of Nebraska-Lincoln)
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DNA virus/alga interactions.

“Like other microalgae, there is an increasing interest
in using Chlorella in a variety of biotechnological applica-
tions,” wrote the team in the study published in the Sep-
tember 2010 issue of The Plant Cell. “The sequence of the
NC64A genome will help in the optimization of these
various processes.”

'The 46-million base genome, sequenced using the whole
genome shotgun Sanger approach, revealed that the alga,
long thought to be asexual, might engage in sexual repro-
duction after all. Another interesting finding involves
Chlorella’s rigid cell walls, which are built with chitin, the
same material used by crustaceans for their hard exoskel-
etons, and might have come from “the capture of meta-
bolic genes by horizontal gene transfer from either algal
viruses, prokaryotes or fungi,” writes the team.

Aside from studying candidates for bioenergy produc-

can elucidate their roles in carbon sequestration and how
they cope with toxic pollutants and environmental
change. For example, in November 2010, after the anno-
tated cassava genome was released on the portal, the Bill
and Melinda Gates Foundation announced a $1.3 million
grant to fund the development of a genome variation
database to grow more disease-resistant and nutritious

varieties of the plant. Cassava is a staple food for more

than 750 million people around the world and a third of

the annual harvest currently is lost due to pathogens such
as cassava brown streak disease.

The cassava data set is one of more than two dozen
plant genomes publicly available on Phytozome (http://
phytozome.net), a portal that provides access to integrated,
cross species, annotated genomic data as well as tools for
analysis. Among the new additions are the first two citrus
genomes, sweet orange (Citrus sinensis) and Clementine
mandarin (Cifrus clementina).

Fred Gmitter, Jr., head of the International Citrus
Genomics Consortium (ICGC) and a citrus geneticist at
the University of Florida, announced the availability of
the annotated genome sequences during the Plant and
Animal Genome conference held in January 2011.

“Citrus is the most economically significant and

added that in the United States alone, the citrus industry
is worth $20 billion annually. “As more plant genomes
find their way to Phytozome, it is becoming more widely
recognized as a first source for genome researchers
looking to exploit genome sequences in their research.”
'The citrus genomes join two dozen other plant
genomes, many of which were sequenced at DOE JGI for
their potential applications to DOE-relevant missions.

Another late-breaking initial release on Phytozome is the



The Citrus genome analysis will facilitate compara-
tive genomics research and be particularly

valuable for comparative studies with
poplar and other trees.

8x mapped Eucalyptus grandis BRASUZ1 genome assem-

EllCLZZfouJ SpCCiSS are among the fastest—growing

bly and a preliminary annotation. Eucalyptus is listed as woody plants in the world, with mean annual increments
one of the DOE’s candidate biomass energy crops. up to 100 cubic meters per hectare. Eucalyptus is the most
Genome sequencing is essential for understanding the valuable and most widely planted genus of plantation

basis of its superior growth properties and to extend these  forest trees in the world (approximately 18 million hect-
attributes to other species. Genomics will also allow ares) due to its wide adaptability, extremely fast growth

researchers to adapt Eucalyptus trees for green energy rate, good form, and excellent wood and fiber properties.

focus for expanding our knowledge of the evolution and

adaptive biology of perennial trees.

Eucalyptus is one
of DOE’s candidate
biomass energy
crops, due to its wide
adaptability, extremely fast
growth rate, good form, and
excellent wood and fiber proper-
ties. (Roy Kaltschmidt, Berkeley Lab)
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Built on established expertise in genomics, new
sequencing technologies, and strong connections with
user communities, DOE JGI’s Fungal Genomics
Program aims to scale up the sequencing and analysis of
fungal genomes for DOE mission areas and to develop
the Genomic Encyclopedia of Fungi. Understanding
molecular mechanisms of interactions between plants and
fungi — both symbionts and pathogens — is essential for
the health and productivity of biofuel feedstock crops.
Reference genomes of mycorrhiza and other soil-inhabit-
ing fungi will also facilitate comprehensive metagenomics
studies of the rhizosphere. Combining new sequencing
technologies and comparative genomics analysis allows
the Fungal Program to address large and complex projects
such as surveying the broad phylogenetic and ecological
diversity of fungi and capturing genomic variation in
natural populations and engineered industrial production
strains.

In its first year, the DOE JGI Fungal Genomics
Program doubled the number of newly sequenced and
fungal genomes compared with the previous year’s work.
In addition, many previously released genomes were
improved on both the assembly and annotation levels. To
scale up sequencing and analysis of fungal diversity for
DOE science and application, different sampling tech-

niques were combined, from a broad sampling of the
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tungal Tree of Life to
the resequencing of
mutant strains of
model fungus Neu-
rospora crassa, with
focused sampling
of groups of ligno-
cellulose degraders
(Agaricomycotina),
sugar fermenters (Sac-
charomycotina), and feed-
stock plant pathogens
(Dothideomycetes). These are
the focus areas of the Genomic
Encyclopedia of Fungi initiated this year.

Among the notable projects from the Fungal Genom-
ics Program in 2010 was the release of the second white
rot fungal genome, that of Schizophyllum commune. Many
sequencing projects at DOE JGI focus on identifying
enzymes in organisms such as fungi that can break down
cellulose in plant mass to help bring down the cost of
cellulosic biofuel production.

As DOE JGI Fungal Genomics Program head Igor
Grigoriev noted, “When we go into a forest, we don't see
layers of dead branches because wood decay fungi take care

of them. So when we think about bioenergy and degrading

Turkey-tail polyplore
15 (Trametes versicolor) is a
R prime wood decom-
L poser with enzymes
that could be useful
for cellulosic biofuel
production. It has
also been used to
break down organic
pollutants.

biomass and convert-
ing that into biofuel,
we would like to learn
the most efficient ways of
""u,_.doing that from fungi, which
have illﬁ'\zc;.nted many ways of doing
that in nature.” .

In the September 2010 issue of.. Nq;‘ure Biotechnology,
Grigoriev and colleagues reported on th;.'38:5 million-base
genome of the white rot fungus Scbizopby/}z;m_.fommune,
commonly known as the split-gill fungus. . co;;%'m_g.ne is
the third wood-decaying fungus to be sequenced by
DOE JGI; the first white rot fungus sequenced was ..
Phanerochacte chrysosporium in 2004 and the first brown ™. "
rot fungus, Postia placenta, was sequenced in 2009.

Found on every continent except Antarctica, §.
commune breaks down cellulose and lignin by invading

xylem tissue, and researchers hope that studying its



genome will
help them _
harness the o,
most relevant -_ 17} :' -
set of enzymes .
for specific
biofuel produc- b/
tion strategies. !
Additionally, white
rot fungi have potential
bioremediation applications, .
as they have enzymes that can bg;;éi.l:(
down contaminants such as q.ré[.x;ium and heavy metals.
Grigoriev said DOE ]Glhas 40 fungal genome
sequencing projects in‘,if.s" queue, and more than a dozen
of them involve wqo’é.—decaying tungi. “We think we’re
only touching F];l"é.:surface and we need to look at more
genomes ir{.,e'flaer to understand the whole scope of diver-
sity andﬁn’féchanisms applied to degrading cellulose.”
Act'.g)rding to the Genomes OnLine Database, DOE
]Glls responsible for more than a third of all fungal

-~ genomes sequenced or in queue to be sequenced world-

wide.

A video of Grigoriev discussing the S. commune project
is available on YouTube at http://bit.ly/httVzc and on
SciVee at http://bit.ly/huDRUT.

§ scarchers and the USDA Forest
¥ Service Forest Products Lab pub-
¥ lished a comparative analysis of
transcript and protein expression of
genes that code for secreted proteins
from the first two sequenced wood-de-
caying fungi: the brown rot fungus Postia
placenta and the white rot basidiomycete Phanero-

chaete chrysosporium.

And in the November 2009 issue of BMC Genomics,

researchers from the Vienna University of Technology

;}Lpd DOE JGI reported on the mycoparasitic fungus
T;(cboderma atroviride, which could be used in place of
che}gical fungicides to counter plant pathogens.

ME')ying forward, the Program is focused on compara-
tive anglysis of groups of similar fungi rather than indi-
vidual geﬁqmes to elucidate characteristics of these groups.
This is rcﬂé’gted in the 2011 Community Sequencing
Program pro}qcts such as comparative genomics and tran-
scriptomics of.'.'sg.:veral species of brown rot and white rot
fungi, yeasts and':ﬂ{pergilli for biotechnology, exploring
genome diversity of mycorrhizae, sequencing pathogenic

Dothideomycetes, afl,d others.

MycoCosm (jgi.doe.gov/fungi), a genomics resource
for fungal biologists, was launched in March 2010 and
offers researchers access to more than 50 newly sequenced
and annotated fungal genomes based on work done at
DOE JGI and elsewhere. The portal was developed in
response to the fungal community’s call for one-stop
shopping place for fungal genomics data and tools.
MycoCosm offers Web-based genome analysis tools for
fungal biologists to navigate through sequenced genomes,
explore them in context of comparative genomics and
genome-centric analysis, and integrate genomics data
from JGI and its users. It also promotes user community
participation in data submission, annotation, and analysis.
The portal is a home for genomics and other -omics data
for fungi that are important for energy and environment,
and has become a community data hub equipped with tools
for genome-centric analysis and comparative genomics.
These tools are promoted through JGI user training
and jamborees, which also focus on genomic analysis. For
example, one jamboree in FY10 focused on properties of
thermophilic fungi important for production of cellulo-
lytic enzymeswhile another explored the evolution of
different Basidiomycete lifestyles (saprotrophs, pathogens,
and symbionts) in order to gain a more thorough under-
standing of the fungal contribution toward sustainable

growth of bioenergy crops.

35



cMoicrobial (jenomz’c‘s ‘Pragmm

During Fiscal Year 2010, the Program sequenced and
finished 151 bacterial/archaeal genomes, 60 of which were

represented in publications. With the release of these
genomes into GenBank, the number of DOE JGI micro-
bial finished genomes is rapidly approaching 500.

'The Program has been expanding its product catalog
beyond a finished microbial genome or genome rese-
quencing and has adopted the generation of draft
genomes (isolate draft genomes and single-cell genomes)
as well as transcriptome sequence. This expansion and the
increase in microbial genome products is going hand-in-
hand with and has been stimulated by new high-through-
put technologies and capabilities, such as de novo micro-
bial Illumina assemblies and single-cell genomics. The
increased throughput supports the user community by
enabling DOE-relevant science at a grander scale.

As the vast majority of microbes are uncultured to date,
single-cell genomics has been a Program focus to enable
not only JGI science but also DOE user community pro-
posed single-cell research. As published in the April 23,
2010, issue of PLoS ONE, the Program generated one
complete genome of the uncultured symbiont Candidatus
Sulcia muelleri DMIN of the green sharpshooter by
amplifying and sequencing the genome from a single cell;
the first complete single-cell genome from any organisms.

Six highly DOE-relevant community sequencing projects
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involving single-cell genome

sequencing are currently under way.

The Microbial Genomics Program comprises
the Genome Biology Program, Phylogenomics, the
Structural Genomics and Single Cell Genomics Groups
at DOE JGI, as well as groups at Los Alamos National
Laboratory and Oak Ridge National Laboratory. Showcas-
ing these collaborations, a report published online October
1,2010, in the Journal of Bacteriology reported that 20
species of Clostridia bacteria have been sequenced at
DOE JGI. The bacteria contain enzyme complexes in-
volved in breaking down biomass, which could be useful
for commercializing cellulosic biofuel production. In
keeping with DOE JGI’s goals of providing users with
services beyond sequencing, all draft genomes were an-
notated through the JGI-ORNL annotation pipeline and
then analyzed using the JGI Integrated Microbial
Genomes data management system.

One of the ongoing MGP Initiatives is the continua-
tion of the Genomic Encyclopedia of Bacteria and Archaea
(GEBA) project, which aspires to sequence thousands of
bacterial and archaeal genomes from diverse branches of
the Tree of Life. A pilot GEBA study released December
2009 in the Journal Nature reported that 53 bacterial and
three archaeal novel and highly diverse genomes had been

sequenced.

micrograph provided by Man-
fred Rohde, Helmholtz Centre for
Infection Research, Braunschweig)

Anot:iler Microbial Program flagship project involves
the seqliencing of 100 strains of nitrogen-fixing bacteria.
Agriculg‘sural productivity is heavily dependent on nitrogen,
so the sifmbiotic interactions between nitrogen-fixing
bacterié and crops are of interest to researchers around
the wo:.':rld.

“Th:':e value here (in addition to the obvious scientific
value)ﬁ” said Metagenome Program lead Nikos Kyrpides,
“is th:it we formed a partnership with a consortium of
50—p1:i:13 scientists, coordinated by Wayne Reeve of Aus-
traliafs Murdoch University, which will be sending the
samp:'sles — we're expecting the first samples — and will
help:s’:us in the analysis.”

thizobial bacteria are found in the soil and interact
wit}i legumes such as peas and clover at the root nodules.
The bacteria fix atmospheric nitrogen inside the nodules
and: contribute nearly two-thirds of the nitrogen used in
agrficultural production.

;The team plans to look at rhizobial genomes collected
frq':m distinct geographical regions. Reeve noted that this
pr:é)ject is the first large-scale attempt to understand the

génetics involved in the plant-bacteria interactions.




“I consider this project one of the Microbial Program

flagship projects,” said Microbial Genome Program lead

http://genome.jgi-psf.org/programs/bacteria-archaea/
index.jsf. One of these is the Integrated Microbial
Genomes (IMG) system, which serves as a community
resource for comparative analysis and annotation of all
publicly available genomes from three domains of life in a
uniquely integrated context.

A recently developed and novel tool is GenePRIMP
(Gene PRediction IMprovement Pipeline), a quality control
pipeline that consists of a series of computational units
that identify erroneous gene calls and missed genes and
correct a subset of the identified defective features. More
than 1,000 microbial genomes have been sequenced at
various sequencing centers in the past 15 years, and the
number is expected to increase at least tenfold within the next
two years. While the data collected on microbial genomics is
increasing, genomic standards have not caught up with
the technological advances that have made the sequencing
process faster and cheaper. As a result, the DNA sequences
being released are of varying levels of quality, impacting

researchers’ ability to use this information.

As described in the June 7, 2010, issue of
Nature Methods, the input to GenePRIMP

needs to be a file of gene cells in GenBank
or EMBL format.

-------

head of the Human Microbiome Project Data
Analysis and Coordination Center that tracks, stores,
analyzes, and distributes the data. “Software such as
GenePRIMP is an important component in our quality
control toolbox.”

First author Amrita Pati, a software developer in the
DOE JGI's Genome Biology Program, noted that
GenePRIMP significantly reduces the amount of time
scientists spend checking the whole genome by specifically
highlighting errors that need to be manually corrected.

“With GenePRIMP, we have achieved a major break-
through in the improvement of the quality of structural
annotations such as gene predictions,” said Genome
Biology Program head and study senior author Nikos
Kyrpides. He pointed out that using GenePRIMP offers
researchers three major advantages: high-quality results
with reduced errors; an approach that can be used regard-

less of the automated software originally used to check

Starkeya novella (Rick
Webb, University of
Queensland)

gene annotations;
and a method to
standardize gene
calling.
“There are a lot of
different tools used for
predicting genes in prokaryotes,”
Kyrpides said. “The major problem we have is that they
all produce very variable results. This impedes our ability
to compare genomes sequenced and annotated from
various sources, as they use different tools for gene pre-
diction. GenePRIMP is not substituting for any of the
available methods; a user can employ any available auto-
matic gene prediction method, and then use GenePRIMP
to correct the initial output. It will generate a much more
standardized output, thus not only significantly improv-
ing quality, but also significantly facilitating comparative
analysis.”

GenePRIMP is available for use by researchers at
http://geneprimp.jgi-pst.org/.

Study first author Pati is featured in a short video de-
scribing how the tool works on YouTube at http://bit.ly/
bUG18f and on SciVee at http://bit.ly/awfUiY.
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A primary motivation for metagenomics is that most
microbes found in nature exist in complex, interdepen-
dent communities and cannot readily be grown in isola-
tion in the laboratory. One can, however, isolate DNA or
RNA from the community as a whole, and studies of
such communities have revealed a diversity of microbes
far beyond those found in culture collections. In the
DOE JGI's Metagenomics Program, the projects encom-
pass multiple scientific goals, each based on sequencing a
community of organisms, not a single isolate.

One such project focuses on the microbial communi-
ties in marsupials. Australia and New Zealand have been
separate land masses for millennia, and the unique mar-
supials found there such as kangaroos and wallabies have
adaptations and dietary preferences distinct from plant
eaters anywhere else. Kangaroo and wallaby forestomachs
are adapted to efficiently break down lignocellulosic plant
mass to extract nutrients and the microbes in these fore-
stomachs may be different from those found elsewhere.

To answer this question, in 2007 DOE JGI selected
the foregut microbiome of the Tammar wallaby as one of
the Community Sequencing Program projects.

In a metagenomic analysis published August 17, 2010,
in the Proceedings of the National Academy of Sciences, a
team that included DOE JGI’s Susannah Tringe, Jan-
Fang Cheng, and Phil Hugenholtz — now director of the
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Australian Center for Ecoge-
nomics at the University of
Queensland — looked at the
plant biomass conversion
process of the Tammar wallaby’s
foregut microbiome.

'The wallaby microbiome DNA was
sequenced using Sanger and 454 pyrose-
quencing, and the data was annotated using DOE JGI’s
Integrated Microbial Genomes for Metagenomes
(IMG/M) system. Among their findings, the team iden-
tified unique bacterial lineages that break down drought-
tolerant plants, which are common in Australia’s native
species. They said the data indicate that the enzymes in
the Tammar wallaby and other Australian animals are
unique and, in a nod to other DOE JGI metagenomic
sequencing projects, added that “their repertoire ... is
distinct from those of the microbiomes of higher termites
and the bovine rumen.”

Another notable metagenomic publication in 2010
involved the microbiome of the leaf-cutter ant A#za colom-
bica, done in collaboration with Cameron Currie and
Garret Suen of the University of Wisconsin-Madison
and the Great Lakes Bioenergy Research Center. Living
in colonies of several millions, leaf-cutter ants are com-

munity gardeners on a very large scale. Each year, they

Tammar wallaby (Mehgan Murphy, Smithsonian
National Zoo)

harvest hundreds of pounds of

leaves, using them to cultivate
the fungal gardens that serve

¥ as their primary food source.
;r 'The fungal gardens, noted re-
searchers including DOE JGI staft
~ scientist Susannah Tringe in their paper
pul.:;ii..shed September 23,2010, on PLoS
Genetics, serve as thx: ants’ external digestive system and
have five separate layf;i‘s,.to break down the plant biomass
into nutrients. Currie’s .E'e-.gm took samples from the top
and bottom layers of ant f&n__gal gardens in Panama to
better understand how the bi})xpass is broken down at

each stage. They knew that antsné-r}d the fungi

they tend enjoy a mutualistic rela-
tionship, but that the fungi aren’t ;
capable of breaking down cel-
lulose, which was found to
decrease by 30 percent on
average in these gardens.
'The researchers identi-
fied a previously unknown
microbial community
involved in breaking down the

Leaf-cutter ant (Jarrod Scott, University
of Wisconsin-Madison)



cellulose in these fungal gardens, and said the ants ability
to also cultivate these microbes helped establish these
ants as “widespread, dominant insect herbivores”in the
tropics of the Americas.

Another publication featured the first metagenomic
analysis of syntrophic communities (wherein microbes
live off the byproducts of others) in a wastewater stream.
Terephthalate is the byproduct of a common compound
used extensively by the plastics industry. The volume of
terephthalate-containing wastewater generated is equiva-
lent to the amount of wastewater generated by 20 million

people.

To remediate the wastewater, syntrophic comr.r_gu.niﬁ'és

composed of bacteria that help break downthe organic
matter, and methanogens th'fll_t.,rerr'l'(')"\;é the hydrogen
released so that thils.__deg'fé.('i-;tion process can continue,
work at r.r_;orc"ﬂ:i;r; 100 terephthalate-degrading facilities
.._world'\'z‘\;de.

' DOE JGI selected a lab-scale, anaerobic, terephthalate-
degrading bioreactor that operates at higher than normal

temperatures as one of its 2006 Community Sequencing

Program projects to better understand these communities.

The project led to the publication of the first metage-
nomic analysis of the syntrophic communities in this
methane-producing bioreactor, which was first published

online August 5,2010, in Zhe ISME Journal.

Lyk1dls said the researchers identified bacteria

“The whole process is
more complicated than just
having two populations,”
said DOE JGI research
scientist and study first
author Thanos Lykidis. “It
reveals there are additional
players in this phenomenon
besides hydrogen—produciqg.ba'c':.“-.’
teria and hydrogggrmﬁé-ﬁ;ning meth-

anogens,”."

commonly found in sewage systems, and also gained
insight into how the various populations interact with
each other to allow the degradation process to proceed.
The DOE JGI is involved in more than one-third of
worldwide metagenomic sequencing projects, from ter-
restrial and aquatic to host-associated environments as
they relate to the DOE’s core interests.

Senior author Wen-Tso Liu of the University of
Illinois said thermophilic bioreactors could help reduce
the footprint of wastewater treatment facilities. “Since
water is coming out at around 50° C, if we can have
another microbial community that grows at 45-50° C and
do the same job at the same degradation rate, why not do

that? That’s what this paper is about.”

Biofilm in terephthalate
wastewater (Liu Lab,
University of lllinois)

A video of Lykidis

and Liu discussing the
project is available on
YouTube at http://bit.ly/
g3yUDc and on SciVee at
http://bit.ly/dEK5SwE.
In the August 17,2010, issue
of the Proceedings of the National
Academy of Sciences, DOE JGI collaborator
Alexandra Worden of the Monterey Bay Aquarium
Research Institute and DOE JGI researchers reported

the application of targeted metagenomics toward study-
¢ ing tiny members of one of the four major phytoplankton

ilineages. By understanding the role of the pico-prymne-

siophytes, which make up a quarter of the global pico-
f’)__hytoplankton biomass, researchers hope to get a better
p..'i..cture of marine photosynthesis and how the tiny
eti'-;{aryotes play a role in the global carbon cycle.

.:.'.Genomic studies of low-biomass environments are
ofté_n limited by the amount of DNA available, and one
solua‘gion has been to use a whole genome amplification
techr:'i,'ique that uses phi29 DNA polymerase known as
multi}gle displacement amplification (MDA).
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When used in single-cell genomic studies, one noted
drawback of the procedure has been amplification bias
that impacts quantitative analyses. In a paper published in
the December 2010 issue of Nature Methods, former
DOE JGI researcher Phil Hugenholtz and his colleagues
looked at whether similar amplification biases were
detected in studying microbial communities.

Hugenholtz said the results indicated the bias should
actually be predictable because the technical replicates
were highly reproducible. This means that the possibility
exists to correct for the bias so that MDA can be used for
quantitative analysis of metagenomes.

MDA was first performed on environmental DNA
samples extracted from garden compost, activated sludge,
and termite hindgut, and biases were assessed using high-
throughput small-subunit rRNA gene amplicon pyrose-
quencing. The team found that anywhere from 3 to 28
percent of the taxa detected in the samples were skewed,
with relative abundance numbers unpredictably increased
or reduced.

To complement the rapidly growing exploration of
microbial communities, DOE JGI researchers have also
called for a metagenome classification system. The sheer
number of metagenomics data sets generated in the past
few years through advances in sequencing technologies

makes it difficult for researchers to track and access data.
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In the July 2010 issue of the
journal Environmental Microbi-
ology, DOE JGI researchers
noted that “if you were
looking for metagenomes
from organisms in the digestive
tracts of various animals, they
might be named gut but could also
be ‘rumen,’ ‘forestomach,’‘cecum,’ or
‘fecal’.”

The current classification system only distinguishes

between environmental or host-associated projects; the

team proposed a five-tier system that starts with the sam¢’

broad terms listed above and then goes on to narrower
ecosystem definitions, allowing metagenomics research_,érs
to conduct comparative analyses more efficiently, as VV_.é:H
as better access the metagenomic data sets of interesj{i
Beyond metagenomic analyses, researchers inter'e':sted
in having metatranscriptomic analyses done have :e':on—
tacted DOE JGI to ask for recommendations on:.filow to
enrich the mRNA molecules. The transcriptom:é: is the
fraction of the complete genetic sequence thatﬁs copied
(transcribed) into different types of RNA mql:ecules that
tell researchers what genes are turned on an_d: off under
various conditions, and hint at what the fu:r{ctions of

these genes are.

Microorganisms from compost are a promising source
of novel carbohydrate-active enzymes discovery
since many are able to degrade plant biomass.

While researchers focus their
| attentions on the messenger
RNA (mRNA), which trans-
ters the genetic information
from the DNA to functional
.."prp_.teins, the bulk of cellular
RNA...i.'s"tQ.r.nposed of ribosomal
RNA (I‘RNA)';..\;J'hi,C‘].Tl researchers
prefer to remove before 's..é.quspcing to
make mRNA detection easier.
DOE JGI researchers led by Shaomei He, an
Energy Biosciences Institute-funded postdoctoral
researcher, validated two popular rRNA removal methods
in the October 2010 issue of Nature Methods with the
help of commercially available kits.

“When people use these methods, there’s no system-
atic analysis to show if there’s an associated bias,” He said.
“The two questions we wanted to answer in this project
were: 1) how efficient are these methods at rRNA
removal? and; 2) do they introduce any biases in mRNA?”

The team noted that both rRNA removal techniques
have limitations. For example, said He, the hybridization
kit uses generic probes that miss some bacteria and all
archaea while the exonuclease kit also removes partially
degraded mRNA. “Ultimately what you use depends on

samples of interest and the biological question being



asked,” she said.

The IMG system is among the tools

The final outcome favors the use of the subtractive available on the Metagenomics Program
hybridization method by itself, which adequately pre- site (http://genome.jgi-pst.org/pro-
served mRNA relative abundance for quantitative analy- grams/metagenomes/index.jsf). Also on

ses, and He noted that researchers are already working on  the list is CLaMS, which stands for “Clas-

ways to improve the subtractive hybridization method. sifier for Metagenomic Sequences”and is-a”
“The limitations of the commercial kit associated with its ~ metagenome binning/clustering tgol'."-A third L

. . . . oy . B Pacific Biosciences
generic probes are likely to be overcome by a sample- tool available is called FAMeS; which provides e

(PacBio) Single Cell
Molecular Real-Time
Detection System (Roy
Kaltschmidt, Berkeley Lab)

specific hybridization approach recently developed by Ed  access to simulated dgta"ééts and aims to facilitate stan-

DeLong’s lab at MIT, especially if the community is dardized benchr.r_mrk'i.ﬁg of tools for metagenomic analysis.

dominated by archaea,”

she said.

£ Single cell genomics offers the

] ability to sort out one cell from

# acomplex environmental sample,
) " isolate the DNA, and generate a

4 _f metabolic profile.
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Legacy “Project “Highlights

The December 17,2010,
issue of Science includes a
special feature called ;
“Insights of the Decade”
and three of them
feature work done by
DOE JGI researchers.

DOE JGT’s Director
Eddy Rubin and Genomic
Technologies Program head
Len Pennacchio were recognized
among the researchers involved in the study of
so-called “junk DNA,” conserved sequences that had no
immediately obvious functions. Rubin and Pennacchio
were instrumental in determining that these sequences
actually contain regulatory DNA that functions while
physically removed from the associated genes.

“The scope of this ‘dark genome’ became apparent in
2001, when the human genome was first published,”
noted Science, but understanding the sequences had to
wait until the mouse genome was sequenced in 2002.

Rubin was among those recognized separately for con-
tributions to advancing the field of paleogenomics
through sequencing work on Neanderthal and Pleisto-
cene cave bear samples.

Another key insight Science noted involves sequencing
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Len Pennacchio (left) and Eddy Rubin (right) in
2001. (Roy Kaltschmidt, Berkeley Lab)

: the genomes of nearly 1,000 microbial

. species found in the human body. The

: data collected from the Human Micro-
biome Project are being maintained in

" an online catalog overseen by DOE JGI’s
Associate Director and CIO Victor

Markowitz and Metagenome Program and

Genome Biology head Nikos Kyrpides.

From ﬁ%aéaryate to Eukaryote

In the March 5, 2010, issue of Cell a team of
researchers reported thf;.’s'eq.uence ofa
common soil organism callé&"l,\@eg/e—
ria gruberi, which has the ability...t"o.,..
change its form. When stressed,
the organism shifts from amoeboid
to flagellate, swimming around
with two sperm-like tails. When
environmental conditions are unfa-
vorable, it hibernates as a hard cyst.
Biologists are interested in the Naegleria

genome because it offers them a look at how

organisms may have transitioned from single-celled
prokaryotes to eukaryotes.

The 41 million-base genome was compared with the
genomes of 16 other eukaryotes, providing researchers
with what they think may be a core set of 4,000 genes
that may have been part of the first and most primitive
eukaryotes.

“Analyzing the Naegleria genomes shows us what it
would be like to be on this planet more than a billion years
ago, and what kind of organisms were around then, and
what they might have looked like,” said DOE JGI bioin-
formaticist Simon Prochnik, a co-author on the paper.

Additionally, the Naegleria genome indicated t.}}at".t..}.le
organism might produce hydrogen as a bypr.g,dﬁ‘c':t of
adapting to muddy soils with lovygr'é.).cygen levels.
“Any kind of system Ehaf-.éan make hydrogen
has potential_,i-rifgrest from a bioenergy
point.ef ':zliew,” Prochnik added.

A video of study first author Lillian
Fritz-Laylin of the University of Cali-
fornia, Berkeley, and Prochnik discuss-

ing the Naegleria project is online at

http://bit ly/fLVEAM.

Free-swimming form of Naegleria with two flagella.
(Lillian Fritz-Laylin, UC Berkeley)



First A mphibian

Genome

'The genome of the
Western clawed frog Xenopus

Late-stage Xenopus.
tropicalis tadpole. (Siwei
Zhang, Jingjing Li, Enrique
Amaya/Univ. of Man-
chester, UK. Courtesy of
Science)

Dan Rokhsar and UC Berkeley
professor Richard Harland and
appeared on the cover of the
April 30,2010, issue of Science.

With more than 1.7 billion bases across 10 chromo-
somes, the frog genome sequence provides scientists with
a new tool to understand how genes work at the most
basic level. Researchers can also use the information to
better understand the factors causing the vast die-oft of
amphibians around the planet.

“The availability of the Xenopus genome also opens up
the possibility of studying the eftect of endocrine disrup-
tors at the molecular and genomic level”, said DOE JGI
bioinformaticist and study first author Ufte Hellsten.
“When you look at segments of the Xengpus genome, you
literally are looking at structures that are 360 million

years old and were part of the genome of the last common

ancestor of all birds, frogs, dinosaurs, and mammals that animals we see today.”

ever roamed the earth.” All living animals are descended from the common
A video on the project is available at http://bit.ly/ ancestor of sponges and humans, which lived more than
eZm?2lq. 600 million years ago. A sponge-like creature may have

been the first organism with more than one cell type and

the ability to develop from a fertilized egg produced by

Sequencing the Simplest Animal —
the merger of sperm and egg cells — that is, an animal.
Sponge . . . .

If you are a cell in a multicellular organism, you have

to cooperate with other cells in your body,

........ making sure that you divide when

you are supposed to as part of

the team,” said Rokhsar. “The

reported the draft genome of the sea genes that regulate this

sponge Amphimedon queenslandica. cooperation are also the

“This incredibly old ancestor ones whose disruption

el .‘ can cause cells to behave
? selfishly and grow in

iy 4% uncontrolled ways to the

detriment of the organism.”

possessed the same core building

blocks for multicellular form and
function that still sits at the heart
of all living animals, including
humans,” said Degnan, who collected More details about the project
are available in the release from

UC Berkeley at http://bit.ly/ewU2]Jh.

the sponge whose genome was
sequenced from the Great Barrier Reef for a
2005 Community Sequencing Program project. “I’F_,.-":.

now appears that the evolution of these genes r}pf:only

allowed the first animals to colonize the anc._lent oceans, Adult Amphimedon queenslandica from the Great Barrier Reef.

but underpinned the evolution of the full.-b:iodiversity of  (Marie Gauthier)
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Magellan system (this page and inset)
(Roy Kaltschmidt, Berkeley Lab)
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On December 14,2010, the Energy Sciences Néﬁwo{lf
(ESNet), which offers DOE researchers high—bandwidth,“
reliable connections, tweeted that DOE JGI had sent
more than 50 terabits of genomics data in just the past
10 hours at the rate of nearly 10 gigabits per second.
According to a December 10, 2010 blog post on ESNet’s
Network Matters site, the DOE JGI was also a significant
contributor in helping ESNet traffic exceed the 10 peta-
bytes barrier in November.

“Keep it coming,” ESNet tweeted back to DOE JGI.
“We can handle it.”

“It does put things into perspective,” noted DOE JGI
systems infrastructure architect Jeremy Brand. “JGI is
using 10 percent of what all DOE national labs via ESnet
together are using. It is the single largest consumer, even
larger than the Large Hadron Collider — the world’s

largest and highest-energy particle accelerator.”

R&D Projects

Among the tasks performed by the Informatics group

.., s research into and development of new methods or

exfénding existing ones for processing, organizing, and
analyzing gengme and metagenome data sets. One recent

R&D project is Méi‘acglous, a software tool developed for

short-read DNA sequence assembly--fgf small and large
genomes. Another is CombEST, which aﬁlbwsﬂ annotation

of fungal genomes using Illumina expressed seql.l.éi'l‘ee,_'g?.g

(EST) data, offering better performance, higher quality

gene models generation, and more easily conducted com-
putations in parallel. A third is ClaMS, or Classifier for
Metagenomic Sequences, which was designed to help the
“Binning” process for classification of contiguous sets of
overlapping metagenomic DNA fragments according to
their likely taxonomic origin, which enables analysis of
genetic content of individual populations. An iterative
version — iClaMS — is self-training and separates a set
of sequences into clusters based on the similarity of
sequence composition.

Many of the software tools developed at DOE JGI are
freely available to download by academic institutions.
One such tool released in 2009 was Gap Resolution, which

expedites gap closure and assembly improvement in

sequence data generated by the 454 Titanium platform
and then assembled using the commercial platform
Newbler. Since its release, 37 requests for the software

have been processed.

Polisher

To improve genomic data after a draft genome has
been sequenced and assembled, researchers rely on repeat
resolution, gap closure, and polishing. One DOE JGI
to'(.)..ll,"Peli.‘s'her, resolves base calling errors from sequences
run on tht;ZS'éLp.l'atform by aligning Illumina read data to
the draft assembl}.,:""a......

The software package was designed to support cor-

rectly called bases that might be considered “below stan-
dard quality,” facilitate the error corrcctior; .6‘fan...asscm-
bled genome using Illumina read data by automat-i.gilly..é
correcting consensus errors, and suggesting primer :
walking reactions to improve the base quality.

The software requires the Arachne genome assembler
developed by the Broad Institute and the graphical
assembly viewer Consed. The Fasta sequence of the draft
is aligned to Illumina reads using Arachne and the regions

where 70 percent of the Illumina coverage disagree with
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Education

DOE JGI Education head Cheryl Kerfeld was the
recipient of the 2011 American Society for Biochemistry
and Molecular Biology (ASBMB) Award for Exemplary
Contributions to Education. Kerfeld was recognized for
“encouraging effective teaching and learning of biochem-
istry and molecular biology through her own teaching,
leadership in education, writing, educational research,
mentoring, and public enlightenment.” (Learn more
about the award and other ASBMB recipients at http://
bit.ly/actT]G.)

To help fill a void in the life sciences training
and help teaching institutions keep up with
the rapid advances in sequencing tech-

nologies, DOE JGI’s Education

ing and bioinformatic analysis by inte-
grating the use of these materials in their

research experiences.

Undergraduate Research in M icrobial
Genome Annotation

'The Interpret a Genome Prograpi"provides students in
colleges and universities with qg;é';zss to recently sequenced
bacterial genomes, such as tb{'):'se of organisms from little-
known branches of the Tge'é: of Life selected as part of the
DOE JGI's Genomic E_ﬂf:yclopedia of Bacteria and Archaea
(GEBA) project.'lh.g";tudents analyze and annotate the
genomes in the c.Q'f{text of their own classwork, gaining
hands-on knoyyfc.edge of genomics and bioinformatics.

The reseg.r'éh experience provides students with a “real-
w.,cii.‘lld” opportunity to study complete sequences
of microorganisms and make novel discov-
eries that enrich the scientific community
as a whole. Ultimately, the program’s

goal is to allow students nationwide
to annotate GEBA genomes while
learning about genomics and bioin-
formatics.

Fifteen institutions nationwide have

been selected to participate in the 2011

Cheryl Kerfeld, DOE JGI Education Head

microbial genome annotation program, joining the 65 in-
stitutions worldwide that already participate. Additional
faculty training is now supported by an NSF grant. As
their annotation platform, students will use the Integrated
Microbial Genomes Annotation Collaboration Toolkit
(IMG-ACT), a wiki/Web portal fusion that lets them
work with existing genome data sets and record their dis-
coveries. The platform is the result of a collaboration
between DOE JGI's Education Program and faculty
members from several universities around the country,
and was described in the August 10, 2010, issue of PLoS
Biology.

Aside from access to genomic data and “virtually endless”
research possibilities, IMG-ACT offers students and their
teachers access to bioinformatics databases, instructor
course management, and student notebooks. Since
IMG-ACT was launched in 2008, more than 100 faculty
members and 1,600 students nationwide have partici-
pated in the program, noted Kerfeld and her colleagues.
IMG-ACT is in turn linked to other databases used in
microbial genome annotation, including IMG/EDU, the

educational version of the Integrated Microbial Genomes



database that is widely used by researchers in genome
biology.

A complementary metagenomics annotation tool,
IMG-ACTM has also been developed by the DOE JGI
Education Program and is currently being used by the

first test group of instructors.

The ASM/JGI Bioinformatics Institute

In collaboration with Hiram College, DOE JGI's Ed-
ucation Program also developed a series of workshops
that provides college faculty who teach science, technol-
ogy, engineering, and math (STEM) courses training in
understanding and using bioinformatics tools.

The ASM/JGI Bioinformatics Institute, which is
managed by the American Society of Microbiology, offers
participants with little to no familiarity in the use of bio-
informatics tools hands-on experience in accessing the
Internet for databases, tools, and resources and identify-
ing tools and materials for developing classroom activities
and research projects back at their educational institutes.

To apply for the workshops, STEM faculty must be
current, full-time teachers at community colleges, 4-year
colleges, and research universities. After participating in
the Institute workshops, participants are expected to

demonstrate the effectiveness of the training they
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received not just in developing curricula
for use in their classes but also sharing .
such modules with other STEM
faculty in education publications, and
in presenting a project at a national

professional society meeting.

Undergraduate Research in

Microbial Characterization

In collaboration with the University of Missouri,
Columbia, and the University of South Florida, DOE
JGI is developing hands-on tools to help undergraduates
understand the process by which genomic knowledge is
created and accumulated. The program offers students the
opportunity to isolate, characterize, sequence, and anno-
tate the genomes of novel organisms that form the foun-
dation of the food chain and the energy chain found in
deep-sea vents.

'The research project affords undergraduates the oppor-
tunity to work in a variety of biological disciplines, from
isolating these novel autotrophs and then sequencing
their genomes, to using bioinformatics to analyze and
interpret their data and annotate the information.

'The modules developed focus on providing students

with an understanding of processes such as gene evolution,

Protein structure (closed version)
of CsoS1D (Cheryl Kerfeld)

protein structure and

function, metabolic
pathways, and eco-
logical adaptation.
These tools will be

:.-'5 shared with faculty at

diverse types of under-

expected to be applicable to a

variety of life science laboratory courses.

Undergmduate Research in Microbial
Functional Genomics

To bring functional genomics research into the under-
graduate experience, DOE JGI has teamed with the
ASM, Hiram College in Ohio, and St. Cloud State
University in Minnesota to incorporate concepts such as
reverse and forward genetics, protein overexpression, and
protein crystallization in undergraduate lab experiences.
'The program offers students experience in contributing to
the global database of protein structures and functions in
much the same way the Interpret a Genome Program
allows students to both learn and contribute in the field

of bioinformatics.



Berkeley Lab Director Paul Alivisatos at

the Berkeley Lab Open House with
Big Betty and one of the high
school students who made the
cow. (David Gilbert, DOE JGI)

Communiz‘y Outreach

Building on a previous collaboration, DOE JGI teamed

was a finalist in the 2010 Multimedia Awards held by Z5e
Scientist magazine. The video is available in English and
Mandarin Chinese on DOE JGI'’s YouTube Web site.

To help foster community relations, DOE JGI also

Jay Keasling on January 18,2011, at the Lesher Center
for the Arts in Walnut Creek. KTVU Channel 2 health
and science editor John Fowler moderated the talk titled:
“The Future of Fuel: A new breed of biofuels may help
solve the global energy challenge and reduce the impact
of fossil fuels on global warming,” discussing ways to

convert the solar energy stored in plants into liquid fuels.

collaborated with art students from a neighboring high A video of the talk can be viewed at http://bit.ly/fIVE9w.
school to build a papier mache model related to a promi-

nent sequencing project with bioenergy applications. Big

Betty the Energy Cow made her debut at the Berkeley

Lab Open House held October 2, 2010, during which
the DOE JGI assisted nearly 3,500 attendees in
extracting DNA from strawberries. DOE

JGI also participated in the inaugural
Science & Technology Festival in Wash-
ington D.C. on October 23-25, 2010,
and at the satellite event held at UC |
Berkeley on January 23,2011. The latter :
events were geared toward inspiring the

In front of a full house in the Margaret Lesher Theatre, Jim Bristow (right),
Susannah Tringe (center right) and Jay Keasling (center left) discussed
biofuels with KTVU’s John Fowler (left). (Roy Kaltschmidt, Berkeley Lab)

next generation of scientists and engi-

neers through hands-on activities.
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'The DOE JGI emphasizes employee safety in t}fie
workplace and relies on the Integrated Safety Mag':age—
~ ment (ISM) Plan to ensure that all work processg’é are
executed with the health and safety of employeé; and
.I"guests the public, and the environment in mlnd The core

components of the highly successful ISM program at

Berkeley Lab’s neyy‘ly instituted Job Hazards Analysis
process. The Var.jé;ﬁs employee safety groups focus on
ergonomics, s:z(%cty culture, and emergency response and
provide Val'_l:l'.;lble support to the professional safety staft at
DOE ]GI 'The Job Hazards Analysis process was devel-
oped 1l‘:y}'./:Berkeley Lab’s EH&S team to identify any work
haz.,ai":ds and required training prior to starting work and
ig-ﬁsed by DOE JGI employees, supervisors and outside
:.:'éontractors to implement appropriate safety measures to
¥ conduct safe operations throughout the facility.
DOE JGI is widely recognized as a leader in the area

of ergonomics, the science of designing equipment, and

practices to reduce musculoskeletal disorders in the work-
place. DOE JGI has an onsite ergonomist who works with
the members of the Ergonomics Working Group to develop
ergonomic solutions suited to the worker and the environ-
ment. DOE JGI employees routinely perform highly
repetitive tasks in both laboratory and office environments.

At the Annual Applied Ergonomics Conference held
March 22-25, 2010, in Dallas, Texas, DOE JGI won its
second Ergo Cup for its entry in the Ergonomic Program
Improvement Initiatives category: “Empowering
Employees in Ergonomics.”

'The entry focused on employee-driven elements of the
DOE JGI program that promote a safety culture and
ergonomic awareness, highlighting key elements such as
providing safety information in high-traffic areas, includ-
ing hallways and restrooms, and employee-led safety
walkthroughs.

DOE JGI previously won the 2007 Ergo Cup for its

entry to the Team-driven Workplace Solutions category.

The Shake ‘N Plate instrument was designed to ease
upper body fatigue for employees working on the Sanger
sequencing production line were manually processing 22
cm x 22 cm plates of bacterial cultures.

“This award is arguably the most prestigious recogni-
tion in applying ergonomics and extremely relevant to
reducing musculoskeletal disorder (MSD) injuries,” said
Andrew S. Imada, President of the International Ergo-
nomics Association. “To win this award twice in such a
short interval is truly remarkable.”

Other employee-driven initiatives encouraged by man-
agement and designed to reduce the total injuries result-
ing from performing repetitive and detail-oriented tasks
also led to the central installation of computer usage
tracking software that reminds and instructs employees to
take regular breaks from their work, and the designation

of an on-site relaxation and rejuvenation room.
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Appendix A: Glossary

ANNOTATION: The process of identifying
the locations of genes in a genome and
determining what those genes do for the
structure and functioning of the cell/organ-
ism from which they come.

ARCHAEA: One of the three domains of life
that subsume single-celled microorganisms
with RNA sequences that are functionally
different from bacteria. (Eukaryotes com-
prise the third domain.)

ASSEMBLY: Compilation of overlapping DNA
sequences (obtained from a given genome)
that have been clustered together based
on their degree of sequence identity or
similarity. The purpose of assembly is to
reconstruct longer portions of the genome
(see Contigs.)

BARCODING: The practice of appending
known, unique synthetic DNA sequences
to sequencing libraries to allow pooling of
libraries for next-generation sequencing,
after which sequence data can be assigned
to particular libraries or samples based on
the barcode sequence.

BASE: A unit of DNA. There are four bases:
adenine (A), guanine (G), thymine (T), and
cytosine (C). The sequence of bases is the
genetic code.

BASE PAIR: Two DNA bases complementary
to each other (A and T or G and C) that join
the complementary strands of DNA to form
the double helix characteristic of DNA.

BIOREMEDIATION: Using microorganisms to
break down and chemically transform con-
taminants and other unwanted substances
in waste and other substances.

BIOGEOCHEMISTRY: A study of the bio-
sphere’s interactions with the Earth’s
chemical environment.

BIOINFORMATICS: The use of computers
to collect, store, and analyze biological
information.

BRIDGE AMPLIFICATION: A proprietary
technique used by Illumina sequencing plat-
forms to generate single-stranded clusters
of template DNA.

CLONING: Using specialized DNA technol-
ogy to produce multiple, exact copies of a
single gene or other segment of DNA, to
obtain enough material for further study.

CONTIG: Group of cloned (copied) pieces of
DNA representing overlapping regions of a
particular chromosome.

COVERAGE: The number of times a region of
the genome has been sequenced during
whole genome shotgun sequencing.

CURATION: Analysis of genome annotations to
improve function predictions and maintain
data integrity.

DRAFT GENOME: The term for an incomplete
genome sequence can be applied to a wide
range of sequences, from those that have
the minimum amount of information needed
for submission to a public database, to
assembled genomes that have undergone
manual and automatic review but still have
sequence errors that need to be corrected
(see Finished Genome).

EUKARYOTES: The domain of life containing
organisms that consist of one or more cells,
each with a nucleus and other well-devel-
oped intracellular compartments. Eukary-
otes include all animals, plants, and fungi.

FINISHED GENOME: In accordance with the
1996 Bermuda standard, this is a gapless
sequence with a nucleotide error rate of
one or less in 10,000 bases.

FLOW CELL: Resembles a microscopic slide
only with eight channels on which DNA
samples are loaded for analysis on the
Illumina sequencing platforms.

FOSMID: A vector suitable for cloning genomic
inserts approximately 40 kilobases in size.

GENBANK: Open-access, publicly available col-
lection of annotated sequences submitted
by individual laboratories and large-scale
sequencing centers that is overseen by the
National Center for Biotechnology Informa-
tion (www.ncbi.nlm.nih.gov/).

LIBRARY: An unordered collection of clones
containing DNA fragments from a particular
organism or environment that together rep-
resent all the DNA present in the organism
or environment.

MAPPING: Charting the location of genes on
chromosomes.

METAGENOMICS (ALSO ENVIRONMENTAL
GENOMICS OR COMMUNITY GENOMICS):
The study of genomes recovered from envi-
ronmental samples through direct methods
that do not require isolating or growing the
organisms present. This field of research
allows the genomic study of organisms that
are not easily cultured in a laboratory.

METATRANSCRIPTOMICS: The study of the
region of the complete genetic code that
is transcribed into RNA molecules and
provides information on gene expression
and gene function.

MICROBIOME: A defined environment within
which a community of microbes exists and
interacts with each other.

PAIRED-END READS: DNA library preparation
technique that lets researchers look at both
the forward and reverse template strands
of a large DNA fragment and provides posi-
tional information.

PCR: Acronym for Polymerase Chain Reaction,
a method of DNA amplification.

PHYLOGENY: The evolutionary history of a
molecule such as gene or protein, or a
species.

PROKARYOTES: Unlike eukaryotes, these
organisms, (e.g., bacteria) are characterized
by the absence of a nuclear membrane and
by DNA that is not organized into chromo-
somes.

READ LENGTH: The number of nucleotides
tabulated by the DNA analyzer per DNA
reaction well.

SEQUENCE: Order of nucleotides (base
sequence) in a nucleic acid molecule. In
the case of DNA sequence, it is the precise
ordering of the bases (A, T, G, C) from which
the DNA is composed.

SEQUENCING BY SYNTHESIS: Proprietary
sequencing technique used by Illumina
systems in which four fluorescently labeled
nucleotides determine the sequence of a
DNA fragment one base at a time.

SUBCLONING: The process of transferring a
cloned DNA fragment from one vector to
another.

TRANSCRIPTOME: A collection of all the RNA
transcripts in a given cell that serves as a
shapshot of global gene expression.
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Appendix B: DOE JGI Sequencing Proc;}s.._.

DNA: Life’s Code",
Deoxyribonucleic acid’pr DNA is a molecule
made up of four chemifia! components — the
nucleotides Adenine (A), Thymine (T), Cytosine
(C), and Guanine (G) — and iéiqynd in all
living organisms. In the DNA moleéute’s

double-helix structure, the A’'s always bind wi
T’s, and C’s always bind with G’s.

What is DNA Sequencing?

To read a book, we must know the order ;
in which letters appear, and how these are
grouped to form words and sentences. 3
To read and understand the book of life,
researchers need to know the order, or se-f
quence, in which the four letters that maKé up
DNA appear. ]

lllumina HiSeq machines.

.

Photos, Roy Kaltschmidt, Befrkeley Lab
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lllumina Sequenq‘ing Technology

This platform is baséd on parallel sequenc-

ing of millions of.,f-r"agments using proprietary

technology that"émplifies the template by

bridge P(.).Rvd'r.*nto a glass flow cell slide, and
ma,..l:everé;'i'ble terminator-based sequencing-by-
synthesis chemistry that allows detection of
the sequence in real time. The sequencing
workflow is at heart a three-step process:
Libraries are prepared from for a nucleic
acid sample, amplified, and then sequenced
using massively parallel synthesis. Use of
the lllumina HiSeq platform allows DOE JGI
to generate hundreds of gigabases of data in
less than a week.

The strategy is outlined below and opposite.

DNA
ADAPTERS
()
....
[ )
O,
‘0:0..::.
%

1 Prepare sample by randomly fragmenting
genomic DNA and ligating adapters to both
ends of the fragments.
2 Randomly bind single-stranded DNA frag-
ments to the inside surface of the eight
channels on the top and bottom surfaces of
each flow cell.
3 DNA Amplification
a Add unlabeled nucleotides and enzyme to
initiate solid-phase bridge amplification.

b Fragments become double-stranded DNA
bridges.

¢ By completion of amplification, several
million dense clusters of single-stranded
DNA have been generated in each chan-
nel of the flow cell with a sequencing
primer attached.

1

4 To initiate the first sequencing cycle and
determine the first base, all four labeled
reversible terminators and DNA polymerase
enzyme are first added to the top surface of
the flow cell slide.

5 In the first cycle, the first base is incorporat-
ed. Its identity is determined by the signal
given off and then recorded. In subsequent
cycles, the process of adding sequencing
reagents, removing unincorporated bases
and capturing the signal of the next base to
identify is repeated.

6 Once the top surface of the flow cell has
been scanned, the imaging step is repeated
on the bottom surface. When both flow
cells have been scanned, the generated
sequences are aligned and compared to a
reference sequence.
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Appenii’i’x._‘_c: FY 2011 CSP Projects

PROPOSER " AFFILIATION ... PROJECT DESCRIPTION

Kerfeld, Cheryl DOE Joint Genome Institute Genome and transcriptome analyses of two extremely acidophilic and one neutrophilic eukaryotic algal
species with diverse mechanism for CO, acquisition

Lovejoy, Connie Laval University, Canada Sméﬁ"plan_l;tonic single celled eukaryotes from the Arctic Ocean

Muehlbauer, Gary University of Minnesota Whole genome shotgun sequencing of the barley genome

Vogel, John USDA-ARS Surveying natural diversity of tﬁé"mo_qel grass Brachypodium distachyon

de Vries, Ronald CBS-KNAW Fungal Biodiversity Centre, Comparative analysis of Aspergilli to facilitate novel strategies in fungal biotechnology

the Netherlands

Goodwin, Stephen Purdue University Sequencing of pathogens and extremophiles in the Dothideomyaé’tes.,..

Hibbett, David S. Clark University Community proposal to sequence a diverse assemblage of saprotrophic Basidiomycota (Agaricomycotina)

Jeffries, Thomas Forest Products Laboratory Yeasts of biotechnological, taxonomic and physiological interest

Martin, Francis INRA, France Exploring the genome diversity of mycorrhizal fungi to understand the evolution and functioning of symbiosis in woody
shrubs and trees

Pisabarro, Antonio Public University of Navarre, Spain Comparative transcriptomics pipeline for saprophytic basidiomycota

Pringle, Anne Harvard University Comparative transcriptomics of closely related saprotrophic and ectomycorrhizal Amanita species

Spatafora, Joseph Oregon State University Phylogenomics and the origin and diversification of Kingdom Fungi

Turgeon, Gillian Cornell University Cochliobolus: expanded and deepened

Turk, Martina University of Ljubljana, Slovenia The varieties of the black yeast-like fungus Aureobasidium pullulans: evolution and use in biotechnology

BACTERIA/ARCHAEA

Chistoserdova, Ludmila University of Washington Genomes of fifty methylotrophs isolated from Lake Washington

Eisen, Jonathan DOE Joint Genome Institute Continuation of the Genomic Encyclopedia of Bacteria and Archaea pilot project
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PROPOSER AFFILIATION PROJECT DESCRIPTION

Liu, Wen-Tso University of lllinois Single-cell genomics for uncultured Archaea dominating in a terrestrial subsurface aquifer abundantly containing methane

Stepanauskas, Ramunas Bigelow Laboratory for Ocean Generating reference genomes for marine ecosystem research: Single-cell sequencing of ubiquitous, uncultured bacterio-
Sciences plankton clades

METAGENOMES

Campbell, Barbara University of Delaware Metagenomic and metatranscriptomic analysis of carbon cycling in Delaware coastal waters

Distel, Dan Ocean Genome Legacy Foundation, The complete shipworm microbiome: A comparative genomic and metagenomic analysis of lignocellulose-degrading
Center for Marine Research microbial communities from multiple species of wood-boring bivalves

Hallam, Steven University of British Columbia, Canada  Microbial systems ecology of expanding oxygen minimum zones in the eastern subtropical north pacific ocean

Macalady, Jennifer Penn State University Uncultivated and novel microbial lineages in terrestrial subsurface biofilms from a sulfidic aquifer

Moran, I\/'I'éiy-Anp University of Georgia Transcriptional analysis of a marine bacteria-phytoplankton binary model system

Tringe, Susannah Microbial community impact on carbon sequestration in managed wetland “carbon farming”

DOE Joint Genome Institute
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ﬂppendz;&"'l?: Review Committee and Advisory Committtee Members

CSP 2011 Reviewers

EUKARYOTIC PROPOSAL REVIEWERS

JODY BANKS Purdue University

DAREN BROWN USDA Agricultural Research
Station

KENNETH BRUNO Pacific Northwest National
Laboratory

DAN CULLEN USDA Forest Service Forest
Products Laboratory

JEFFREY DEAN University of Georgia

DAVID GEISER Penn State University

TOM JEFFRIES University of Wisconsin,
Madison

ANDREW KOPPISCH Los Alamos National
Laboratory

LIHJUN MA Broad Institute

GEORGIANA MAY University of Minnesota

KEVIN MCCLUSKEY University of Missouri,
Kansas City

SABEEHA MERCHANT University of California,
Los Angeles

DON NATVIG University of New Mexico

DANIEL PETERSON Mississippi State University

GARRET SUEN University of Wisconsin,
Madison

CHRIS TOWN J. Craig Venter Institute

TSVETAN BACHVAROFF (AD HOC) Smithsonian
Institute

AMY BRUNNER (AD HOC) Virginia Polytechnic
Institute and State University

GARY STACEY (AD HOC) University of Missouri

CHUNXIAN CHEN (AD HOC) University of
Florida
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PROKARYOTIC PROPOSAL REVIEWERS

ELIZABETH EDWARDS University of Toronto

HECTOR GARCIA MARTIN Joint BioEnergy
Institute

KIRK HARRIS University of Colorado

WILLIAM INSKEEP Montana State University

JAVIER IZQUIERDO Dartmouth College/BioEn-
ergy Science Center

DAVE KIRCHMAN University of Delaware

ROB KNIGHT University of Colorado at Boulder

WEN-TSO LIU University of Illinois

TODD LOWE University of California, Santa Cruz

WILLIAM MOHN University of British Columbia

NANCY MORAN University of Arizona

BISWARUP MUKHOPADHYAY Virginia Polytech-
nic Institute and State University

HOWARD OCHMAN University of Arizona

MIRCEA PODAR Oak Ridge National Laboratory

RUTH RICHARDSON Cornell University

DOUGLAS RUSCH J. Craig Venter Institute

MARK SCHELL University of Georgia

PATRICIA SOBECKY University of Alabama

JOHN SPEAR Colorado School of Mines

SERGEY STOLYAR Pacific Northwest National
Laboratory

TATIANA TATUSOVA National Center for
Biotechnology Information

TAMAS TOROK Lawrence Berkeley National
Laboratory

PETER TURNBAUGH Washington University

DANIEL VAN DER LELIE Brookhaven National
Laboratory

DAVID WARD Montana State University

BART WEIMER University of California, Davis

Program Advisory Committees

FUNGAL PROGRAM ADVISORY COMMITTEE

JOAN BENNETT Rutgers University

RANDY BERKA Novozymes

DANIEL CULLEN Forest Products Laboratory

DANIEL EASTWOOD Warwick University (UK)

STEPHEN GOODWIN Purdue University

DAVID HIBBETT Clark University

THOMAS JEFFRIES USDA Forest Service Forest
Products Laboratory

GERT KEMA Plant Research International
(Netherlands)

CHRISTIAN KUBICEK Vienna University of
Technology (Austria)

CHERYL KUSKE Los Alamos National
Laboratory

FRANCIS MARTIN INRA (France)

CONRAD SCHOCH NCBI

JOSEPH SPATAFORA Oregon State University

JASON STAJICH UC Riverside

JOHN TAYLOR UC Berkeley

ADRIAN TSANG Concordia University (Canada)

GILLIAN TURGEON Cornell University

RYTAS VILGALYS Duke University



MICROBIAL GENOMICS AND METAGENOMICS

PROGRAMS ADVISORY COMMITTEE

(“MG- MAC”)

SWAPNIL CHHABRA Lawrence Berkeley
National Laboratory/Joint BioEnergy Institute

CAMERON CURRIE University of Wisconsin

JED FUHRMAN University of Southern California

STEVE HALLAM University of British Columbia

JAVIER IZQUIERDO BioEnergy Science Center

BOB LANDICK Great Lakes Bioenergy
Research Center

FOLKER MEYER Argonne National Laboratory

NANCY MORAN Yale University

MARY ANN MORAN University of Georgia

FOREST ROHWER San Diego State University

DOUG RUSCH J. Craig Venter Institute

RAMUNAS STEPANAUSKAS Bigelow Lab

MATT SULLIVAN University of Arizona

TATIANA TATUSOVA National Center for
Biotechnology Information

NIELS VAN DER LELIE Brookhaven National
Laboratory

PHIL HUGENHOLTZ University of Queensland

PLANT PROGRAM ADVISORY COMMITTEE

JOE ECKER The Salk Institute for Biological
Studies

JEFF DANGL University of North Carolina

STEPHEN MOOSE University of lllinois

SABEEHA MERCHANT University of California,
Los Angeles

GARY STACEY University of Missouri

THOMAS MITCHELL-OLDS Duke University

EVA HUALA Carnegie Institute/TAIR

CATHY RONNING US Department of Energy

Scientific Advisory Committee (SAC)

The Scientific Advisory Committee is a board
convened by the JGI Director to provide a
scientific and technical overview of the JGI.
Among the board’s responsibilities are: provid-
ing technical input on large-scale production
sequencing, new sequencing technologies,
and related informatics; overview of DOE JGl’s
scientific programs; and an overview of the
Community Sequencing Program (CSP). One
of the most important tasks of the SAC is to
set the final sequence allocation for the CSP
based on input from the CSP Proposal Study
Panel on CSP project prioritization, and the
concurrence of the DOE Office of Biological
and Environmental Research.

MEMBERS

BRUCE BIRREN Broad Institute

TOBY BLOOM Broad Institute

JEFF DANGL University of North Carolina

JOE ECKER The Salk Institute for Biological
Studies

JIM KRUPNICK Lawrence Berkeley National
Laboratory

ERIC J. MATHUR SG Biofuels

NANCY MORAN Yale University

JULIAN PARKHILL The Sanger Institute

DOUG RAY Pacific Northwest National Lab
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The DOE JGI Fifth Annual User Meeting took place March 25-27, 2009, in Walnut Creek. The
keynote speakers were Jay Keasling from the Joint BioEnergy Institute, Roger Pennell from
Ceres, Inc., and Rita Colwell from the University of Maryland.

Other featured speakers were:

EDDY RUBIN Director, DOE Joint Genome
Institute

DENNIS HEDGECOCK University of Southern
California

STEVEN HALLAM University of British Columbia

ALEXANDRA WORDEN MBARI

GARY STACEY University of Missouri

CHRISTINA CUOMO Broad Institute, MIT

FRANCIS MARTIN INRA

STEVE KNAPP Monsanto

EVAN DELUCIA University of Illinois/EBI

MADHU KHANNA University of lllinois/EBI
TOM MITCHELL-OLDS Duke University
FOREST ROHWER San Diego State University
VICTORIA ORPHAN Cal Tech

DETLEF WEIGEL Max Planck Institute

STEVE MOOSE University of Illinois/EBI
STEVE SAVAGE Cirrus Partners

TANJA WOYKE DOE Joint Genome Institute
ADRIAN TSANG Concordia University

JOSEPH NOEL Salk Institute

Videos of the 2010 User Meeting talks are available on the DOE JGI’'s SciVee channel at:

http://www.scivee.tv/node/17188
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