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Speaker Presentations
Abstracts alphabetical by speaker

A single cell perspective on bacterial interactions
Martin Ackermann (martin.ackermann@env.ethz.ch)
ETH-Zurich

KBase Overview

Adam P. Arkin* (aparkin@Ibl.gov)', Jason Baumohl’, Aaron Best?, Jared Bischof?, Ben
Bowen', Tom Brettin?, Tom Brown?, Shane Canon’, Stephen Chan’, John-Marc Chandonia’,
Dylan Chivian, Ric Colasanti?, Neal Conrad?, Brian Davison®, Matt DeJongh®, Paramvir Dehal’,
Narayan Desai®, Scott Devoid?, Terry Disz®, Meghan Drake®, Janaka Edirisinghe?, Gang Fang’,
José Pedro Lopes Faria®, Mark Gerstein’, Elizabeth M. Glass?, Annette Greiner', Dan Gunter’,
James Gurtowski®, Nomi Harris', Travis Harrison?, Fei He*, Matt Henderson', Chris Henry?,
Adina Howe?, Marcin Joachimiak', Kevin Keegan?, Keith Keller', Guruprasad Kora®, Sunita
Kumari®, Miriam Land®, Folker Meyer?, Steve Moulton®, Pavel Novichkov', Taeyun Oh®, Gary
Olsen®, Bob Olson?, Dan Olson?, Ross Overbeek?, Tobias Paczian?, Bruce Parrello®, Shiran
Pasternak®, Sarah Poon', Gavin Price', Srivdya Ramakrishnan®, Priya Ranjan®, Bill Riehl",
Pamela Ronald®, Michael Schatz®, Lynn Schriml'®, Sam Seaver?, Michael W. Sneddon’, Roman
Sutormin’, Mustafa Syed®, James Thomason®, Nathan Tintle®, Will Trimble?, Daifeng Wang’,
Doreen Ware®, David Weston®, Andreas Wilke?, Fangfang Xia?, Shinjae Yoo*, Dantong Yu*,
Robert Cottingham® , Sergei Maslov* , Rick Stevens?

'Lawrence Berkeley National Laboratory, Berkeley, California; 2Argonne National Laboratory, Argonne,
llinois; *Oak Ridge National Laboratory, Oak Ridge, Tennessee; *Brookhaven National Laboratory,
Upton, New York; °Cold Spring Harbor Laboratory, Cold Spring Harbor, New York; 6Hope College,
Holland, Michigan; "Yale University, New Haven, Connecticut; 8Univers,ity of California at Davis, Davis,
California; 9University of lllinois at Champaign-Urbana, Champaign, lllinois; 10Univers,ity of Maryland,
College Park, Maryland

Systems biology is driven by the ever-increasing wealth of data resulting from new generations of
genomics-based technologies. With the success of genome sequencing, biology began to generate and
accumulate data at an exponential rate. In addition to the massive stream of sequencing data, each type
of technology that researchers use to analyze a sequenced organism adds another layer of complexity to
the challenge of understanding how different biological components work together to form a functional
living system. Achieving this systems-level understanding of biology will enable researchers to predict
and ultimately design how biological systems will function under certain conditions. A collaborative
computational environment is needed to bring researchers together so they can share and integrate
large, heterogeneous datasets and readily use this information to develop predictive models that drive
scientific discovery.

The advancement of systems biology relies not only on sharing the results of projects through traditional
methods of peer review and publication, but also on sharing the datasets, workflows, software, models,

best practices, and other essential knowledge that made those published results possible. Establishing a

common framework for managing this knowledge could save time, reduce duplicative effort, and
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increase the scientific return on investment in systems biology research. This framework for precisely
tracking what was done to achieve a certain outcome also will empower researchers to reproduce
published results and review projects more effectively. This ability to reproduce experiments described
in publications is a key principle of the growing Open Science movement.

The KBase team is developing an open-source, open-architecture framework for reproducible and
collaborative computational systems biology. KBase's primary scientific aim is to push multiple types of
functional data towards increasingly specific models of metabolic and regulatory behavior of microbes,
plants and their communities. We have brought together data and tools that allow probabilistic
modeling of gene function, which can be used in turn to produce experimentally testable models of
cellular metabolism and gene regulation. The system will soon allow models to be compared to
observations and dynamically revised.

One of the new components that will enable these complex, iterative analyses is KBase's new prototype
Narrative Interface, which provides a transparent, reproducible, and persistent view of the
computational steps and thought processes leading to a particular conclusion or hypothesis. These
“active publications” enable researchers anywhere in the world to re-use a workflow, follow chains of
logic, and experiment with changing input data and parameters. Augmented by the KBase Workspace,
users can upload their own data, integrate and analyze them with information from the public data
stores, and share their data and results with colleagues. As more researchers are able to test the
algorithms, datasets, and workflows that are shared with the larger community, they can begin to apply
these diverse approaches to their own datasets and provide more informed feedback for improvement.
In addition to sharing the information and tools essential to reproducing results, KBase's computational
environment is open and extensible, allowing users to add tools and functions to meet their particular
research needs.

Pectinases link early fungal evolution to the land plant lineage

Mary Berbee* (mary.berbee@gmail.com)', Ying Chang’, Sishuo Wang', Satoshi Sekimoto'?,
Joseph Spatafora®, and the AFTOL2 working group

1University of British Columbia Vancouver British Columbia; 2Biological Resource Center, NITE (NBRC),
Chiba Japan; 3Oregon State University, Corvallis, Oregon

Almost all terrestrial fungi in the Ascomycota (molds and yeasts) and Basidiomycota (mycorrhizal and
wood decay species) absorb nutrients from plants. The plant/fungal relationship is ancient and recorded
in fossils from 400 million years ago. However, fungi first evolved before land plants, and unlike the
Asco- and Basidiomycota, the earlier diverging fungal lineages variously extract nutrients from algae,
plants or animals. In our community sequencing project with JGI, we sequenced genomes from three
early diverging fungi including Gonapodya prolifera, an aquatic species that grows on decaying plant
material in stagnant water. We hypothesized that if fungi evolved in association with green algae from
the land plant lineage, then the Gonapodya genome would share fungus-specific genes for the
breakdown of the pectins that are specific to the land plants and their algal allies. We reconstructed
fungal phylogeny through analysis of 106 'housekeeping' loci. The branching order shows Gonapodya in
a clade of aquatic flagellated fungi (Chytridiomycota) that diverged early from terrestrial fungi. Analyzing
the distribution of pectinases, the Gonapodya genome has 27 genes representing 6 of the 7 classes of
pectin-specific enzymes known from fungi. While pectinase gene genealogy is difficult to reconstruct
due low sequence similarity across taxa, most of the Gonapodya pectinases fall into clades with other
fungal genes. The gene genealogies do not signal horizontal gene transfer of the Gonapodya pectinases.

Abstracts alphabetical by speaker A2
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Indicating functional as well as sequence similarity, Gonapodya seems able to use pectin as a
carbohydrate source for growth in pure culture. The shared pectinases of Ascomycota, Basidiomycota
and Gonapodya provide evidence that even ancient fungi were already extracting nutrients from the
plants in the green lineage.

Single cell isotope probing of microbes via Raman
microspectroscopy: A new way of in situ functional analyses and cell
sorting

David Berry* (berry@microbial-ecology.net) and Michael Wagner

Division of Microbial Ecology, Department of Microbiology and Ecosystem Science, Faculty of Life
Sciences, University of Vienna, Austria

Using Raman microspectroscopy, microbiologists can within seconds obtain an “optical fingerprint” of
individual living microbial cells that contains an astonishing amount of information regarding cellular
chemical composition. When combined with the use of stable isotope labeled substrates or deuterated
water, this technique offers a direct means to identify microbial cells performing a defined physiological
activity within complex samples, which can subsequently be sorted for cultivation or single cell
genomics. Using examples from environmental and medical microbiology, the potential of single cell
stable isotope probing by Raman microspectroscopy as well as Raman-activated cell sorting in capillaries
and microfluidic devices will be demonstrated.

Metagenomic and metaproteomic analyses of symbioses between
bacteria and gutless marine worms

Nicole Dubilier (ndubilie@mpi-bremen.de)

Max-Planck Institut

Genomics and proteomics of Zeta proteobacteria
Katrina Edwards (kje@usc.edu)', Roman Barco’, Esther Singer®, and Gustavo Ramirez’
University of Southern California; USC/JGI

Nuetrophilic iron-oxidizing bacteria (FeOB) have been recognized in the environment for well over a
century. These bacteria have important ecological and biogeochemical roles mediated through the
catalysis of Fe?" -> Fe*', ultimately resulting in the precipitation of often-copious quantities of iron
oxyhydroxide minerals as a by-product of their metabolism. Despite their prevalence and
biogeochemical importance, little is known about their physiology in general and specifically, on the
molecular mechanism of iron oxidation. In 2011 a draft genome for one iron oxidizing isolate, PV-1, a
Zetaproteobacterium isolated from a marine environment, was produced. In tandem, tools have been
developed for large-scale growth of this bacterium and other procedures necessary for conducting
proteomic analysis. Proteomic profiling of PV-1 illuminates several key genes and operons likely to be
involved in iron oxidation and electron transport. We present a model for this novel electron transport
chain and then use these data to generate qPCR primers targeting key genes from a marine

Abstracts alphabetical by speaker A3
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environmental setting, demonstrating their expression in situ during iron oxidation. These are the first
functional gene targets developed for screening of the process of biological iron oxidation.

A gene-to-molecule approach to the discovery and characterization of
natural products

Michael Fischbach (fischbach@fischbachgroup.or)

University of California at San Francisco, San Francisco, California

Genetic control of mosquitoes
Kelly Matzen* (kelly.matzen@oxitec.com)’, Luke Alphey"’
'Oxitec Ltd., Abingdon, United Kingdom; *The Pirbright Institute, Woking, United Kingdom

Oxitec Ltd uses synthetic biology approaches to design new methods of pest insect control. Here, we
summarize the theoretical design of our genetic systems and the results of both contained and open
field trials.

Oxitec’s pest population control technology closely resembles the Sterile Insect Technique (SIT), a
species-specific and environmentally benign method that has been used successfully against various
agricultural pests. The SIT uses the mass release of radiation-sterilised insects to suppress a targeted
insect population; any wild-type insect mating with sterile partner produces no offspring, and over time
populations are reduced. Our technology uses a genetics-based approach to achieve the same
population suppression. Insect strains of the target pest insect, homozygous at one or more loci for a
dominant lethal genetic system, are released in large numbers to mate with the wild population; any
progeny inherit a copy of the lethal system and therefore die. Release of this type have resulted in the
reduction of the target population by over 90% in field trials. Oxitec’s genetic approach maintains the
advantages of the SIT, but by using engineered insects we can make a range of improvements, including
the ability to track our released insects and avoiding the fitness effects that radiation-sterilisation
induces.

Through the development of our engineered insects, we and others have begun to develop a modest
tool-kit, a set of molecular components, for pest insect synthetic biology. The lethal systems must be
conditional as they need to be ‘switched off’ to allow the strain to be reared prior to release. Thus, we
have designed and optimised tetracycline-switchable systems for pest insects (e.g., fruit flies,
mosquitoes and moths), using conventional bipartite and also ‘positive feedback’ circuitry. We have
developed female-specific expression systems utilising modular, sex-specific alternative splicing systems
as well as employing female-specific promoters, lethal effectors, and fluorescent markers. Combined
into single molecular constructs, they constitute the complete circuitry necessary for a genetic-based SIT
control system. Our design philosophy, progress and limitations will be discussed, as well as the practical
significance of these engineered insect strains.

Abstracts alphabetical by speaker A4
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Uncovering signatures of domestication using genomic resequencing
and association mapping

Phil McClean (mcclean@beangenes.cws.ndsu.nodak.edu)
North Dakota State University

Common bean (Phaseolus vulgaris) is the most important food legume and is a critical source of protein
in many emerging and developing countries. Using the recently released draft sequence of common
bean as a reference, a detailed data analysis of DNA pools representing wild germplasm of this major
societal crop has again confirmed the existence of ancestral wild germplasm pools located in
Mesoamerican (MA) and the Andes. These appeared ~165kya from a common ancestral population.
While the MA wild germplasm maintained its size, the wild Andean population underwent a bottleneck
(n=3590) that reduced its diversity to 23% of MA wild germplasm. Asymmetric gene flow was strong
from the wild MA into the wild Andean population. During domestication, MA landrace diversity was
reduced slightly during domestication while Andean landrace diversity increased slightly. Domestication
sweeps were observed for ~15% for the MA and Andean landraces genomes. Yet sweeps covering only
7.2 Mb of the genome were shared. As defined by a combined statistic utilizing diversity ratios and Fsr,
74Mb underwent a sweep during MA domestication and 60Mb during Andean domestication. Only
7.2Mb were shared. Based on a combined statistic using diversity and Fsr data, 1424 and 748 genes
were defined as MA and Andean domestication candidates, respectively. Of these, only 59
domestication candidate were in common between the two landraces. Multiple genes with in pathways
critical to growth and development were discovered to be domestication candidates. Association
mapping confirmed a number of the seed weight candidates.

Making better plants: Synthetic approaches in plant engineering
June Medford (June.Medford@colostate.edu)

Colorado State University

Synthetic biology: Helping the good guys and stopping the bad
Maria Mercedes-Roca (mmroca@zamorano.edu)
Zamorano Panamerican Agriculture School, Honduras

Our understanding of how microbes behave and interact in our labs, our bioreactors, our bodies and in
the natural world is exploding exponentially. So is our acknowledgement of the formidable challenges
our planet faces, caused in large part by a growing human population and the attendant environmental
degradation. These challenges are also incredible opportunities for changing paradigms. Our
understanding on how we may use and enhance microorganisms and plants can help us manage human,
plant and animal diseases caused by pathogens. We want to stop pathogens. On the other hand, using
and enhancing good microbes may help us stay healthier and produce more biomass for food,
bioenergy, and materials with less land, water, and oil, and in the face of climate change and rapid loss
of biodiversity. Humanity is embarking on a new powerful genomic revolution, coupled with the digital,
nanotechnology and other revolutions. The pace of technological change is dizzying and society needs
to keep up with it. Society is not, and may become increasingly fearful of advancing technology,
especially in the biological sciences. Scientists and policy makers need to acknowledge this.

Abstracts alphabetical by speaker A5
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The field of synthetic biology (SB) offers the promise of revolutionary new products to face these
challenges, but also the threat of misusing this technology for nefarious purposes: we must find a way to
stop them. However, scientists in the public sector and especially the young generation being initiated
through iGEM and other science education initiatives, can bring solutions and ensure that the benefits
of these technologies are fairly distributed across the globe: we must not stop and discourage them with
unnecessarily onerous and costly regulation. Public perception, activism and science communication
play important roles in shaping international and national policy. Scientists and policy makers must
acknowledge both the potential of SB and the public’s deep mistrust for new, untested technologies
they feel are outside their control. Helping the “good guys and stopping the bad”, and the future
success of SB, depends to a large extent on whether public policy is well-crafted. This paper explores
the great challenges and opportunities that lie ahead and the need to involve different disciplines and
stakeholders in developing the science, the application, and the public understanding and acceptance.

How humans will survive a mass extinction
Annalee Newitz (annalee@gmail.com)
i09

Unlocking plant metabolic diversity
Anne Osbourn (anne.osbourn@jic.ac.uk)
John Innes Centre, Norwich Research Park, Norwich, United Kingdom

Plants produce a tremendous array of natural products, including medicines, flavours, fragrances,
pigments and insecticides. The vast majority of this metabolic diversity is as yet untapped, despite its
huge potential value for humankind. So far research into natural products for the development of
drugs, antibiotics and other useful chemicals has tended to focus on microbes, where genome
sequencing has revolutionised natural product discovery through mining for gene clusters for new
metabolic pathways. Identifying novel natural product pathways in plants is extremely difficult because
plant genomes are much larger and more complex than those of microbes. However, the recent
discovery that genes for some types of plant natural product pathways are organised as physical clusters
is now enabling systematic mining of plant genomes in the quest for new pathways and chemistries.
Improved understanding of the genomic organization of different types of specialized metabolic
pathways will shed light on the mechanisms underpinning pathway and genome evolution. It will
further open up unprecedented opportunities for exploiting Nature’s chemical toolkit by providing grist
for the synthetic biology mill.

Single cell genomics
Stephen Quake (quake@stanford.edu)

Stanford University

Abstracts alphabetical by speaker A6
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Whole genome sequencing of rice mutants to identify genes
controlling response to stress and cell wall saccharification

Pamela Ronald (pcronald@ucdavis.edu)

University of California at Davis

Cassava genomics: Applying genomic technologies to benefit
smallholder farmers in Africa

Steve Rounsley (rounsley@email.arizona.edu)

University of Arizona

New technologies overview and user feedback
Eddy Rubin, Len Pennacchio (LAPennacchio@Ibl.gov), Jim Bristow

DOE Joint Genome Institute, Walnut Creek, California

Genome biology of Miscanthus
Kankshita Swaminathan (kanksw@gmail.com)

Energy Biosciences Institute

Rich genomics resources facilitate progress in understanding wood
formation

Gerald Tuskan (tuskanga@ornl.gov)
Oak Ridge National Laboratory

Understanding the forest microbiome: A fungal perspective
Rytas Vilgalys (fungi@duke.edu)

Duke University
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Precise engineering of genomes with sequence-specific nucleases
Dan Voytas (voytas@umn.edu)

Department of Genetics, Cell Biology and Development and Center for Genome Engineering, University
of Minnesota

Methods for precisely altering DNA sequences in living cells enable detailed functional analysis of genes
and genetic pathways. In plants, targeted genome modification has applications ranging from
understanding plant gene function to developing crop plants with new traits of value. Our group has
enabled efficient methods for targeted genome modification of plants using sequence-specific
nucleases. With zinc finger nucleases (ZFNs), TAL effector nucleases (TALENSs), and the CRISPR/Cas9
system, we have achieved targeted gene knockouts, replacements and insertions in a variety of plant
species. Current work is focused on optimizing delivery of nucleases and donor DNA molecules to plant
cells to more efficiently achieve targeted genetic alterations.

Abstracts alphabetical by speaker A8
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Insights into the global diversity and physiology of ‘Aigarchaeota’
through synergistic analysis of single-cell genomes and
metagenomes

Timothy W. Alba* (albat@unlv.nevada.edu),” Senthil K. Murugapiran,’ Paul C. Blainey,?
Jeremy A. Dodsworth,' Scott Thomas," Tanja Woyke,? Christian Rinke,? Iwijn DeVlaminck,?
Ramunas Stepanauskas,* Stephen R. Quake,” and Brian P. Hedlund'

'School of Life Sciences, University of Nevada, Las Vegas, Las Vegas, Nevada; ’Department of
Bioengineering, Stanford University, and Howard Hughes Medical Institute, Stanford, California; °*DOE
Joint Genome Institute, Walnut Creek, California; 4Bigelow Laboratory for Ocean Sciences, East
Boothbay, Maine

The ‘Aigarchaeota’ is a candidate phylum in the domain Archaea that is globally distributed in thermal
environments. However, the phylogeny and distribution of the ‘Aigarchaeota’ has not been studied in
detail and, due to a lack of cultivated representatives, little is known about the physiological potential of
this lineage. Data from 27 single-cell genomes and four metagenomes obtained from terrestrial
geothermal springs in the U.S. Great Basin and Tengchong County, China, were analyzed synergistically
to obtain five nearly-complete genomes, each representing a genus-level group of the archaeal phylum
‘Aigarchaeota’. Single-cell genomes were obtained via two distinct methods involving amplification of
femtogram quantities of DNA obtained via standard fluorescence-activated sorting, and using a novel
technique involving microfluidics. These single-cell genomes were used to enable ‘Aigarchaeota’-
targeted binning of metagenome datasets. 16S rRNA gene phylogenetic analysis showed that the
genomes described here cover the majority of known diversity within the ‘Aigarchaeota’, including one
genus-level group that appears to be ubiquitous in both marine and terrestrial habitats. Phylogenomic
and whole genome analysis supported the positioning of ‘Aigarchaeota’ within the recently proposed
‘TACK’ superphylum. Metabolic reconstruction suggests a diversity of anaerobic lifestyles within the
‘Aigarchaeota’, including both chemoorganotrophic and chemolithotrophic activities and both
anaerobic respiration via dissimilatory sulfate reduction and Embden-Meyerhof glycolysis with
production of hydrogen, acetate, and ethanol. Single ‘Aigarchaeota’ cells visualized during microfluidic
cell sorting had a long, thin, rod-shaped or filamentous morphology, and all ‘Aigarchaeota’ genomes
encode the capacity for flagellar motility. This study demonstrates some metabolic diversity around a
common metabolic theme, anaerobic chemoheterotrophy, imparting roles in both carbon and sulfur
cycling in geothermal habitats.
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KBase Overview

Adam P. Arkin* (aparkin@Ibl.gov)', Jason Baumohl’, Aaron Best?, Jared Bischof?, Ben
Bowen', Tom Brettin?, Tom Brown?, Shane Canon’, Stephen Chan’, John-Marc Chandonia’,
Dylan Chivian, Ric Colasanti?, Neal Conrad?, Brian Davison®, Matt DeJongh®, Paramvir Dehal’,
Narayan Desai?, Scott Devoid?, Terry Disz®, Meghan Drake®, Janaka Edirisinghe?, Gang Fang’,
José Pedro Lopes Faria?, Mark Gerstein’, Elizabeth M. Glass?, Annette Greiner', Dan Gunter’,
James Gurtowski®, Nomi Harris1, Travis Harrison?, Fei He*, Matt Henderson', Chris Henry?,
Adina Howe?, Marcin Joachimiak', Kevin Keegan?, Keith Keller', Guruprasad Kora®, Sunita
Kumari®, Miriam Land?, Folker Meyer?, Steve Moulton®, Pavel Novichkov', Taeyun Oh®, Gary
Olsen®, Bob Olson?, Dan Olson?, Ross Overbeek?, Tobias Paczian? Bruce Parrello?, Shiran
Pasternak®, Sarah Poon', Gavin Price’, Srivdya Ramakrishnan®, Priya Ranjan®, Bill Riehl",
Pamela Ronald®, Michael Schatz®, Lynn Schriml'®, Sam Seaver?, Michael W. Sneddon’, Roman
Sutormin’, Mustafa Syed®, James Thomason®, Nathan Tintle®, Will Trimble?, Daifeng Wang’,
Doreen Ware®, David Weston®, Andreas Wilke?, Fangfang Xia?, Shinjae Yoo*, Dantong Yu*,
Robert Cottingham® | Sergei Maslov* , Rick Stevens?

'Lawrence Berkeley National Laboratory, Berkeley, California; 2Argonne National Laboratory, Argonne,
llinois; *0ak Ridge National Laboratory, Oak Ridge, Tennessee; *Brookhaven National Laboratory,
Upton, New York; °Cold Spring Harbor Laboratory, Cold Spring Harbor, New York; 6Hope College,
Holland, Michigan; "Yale University, New Haven, Connecticut; 8Univers,ity of California at Davis, Davis,
California; 9University of lllinois at Champaign-Urbana, Champaign, lllinois; 10Univers,ity of Maryland,
College Park, Maryland

Systems biology is driven by the ever-increasing wealth of data resulting from new generations of
genomics-based technologies. The advancement of systems biology relies not only on sharing the results
of projects through traditional methods of peer review and publication, but also on sharing the datasets,
workflows, software, models, best practices, and other essential knowledge that made those published
results possible. Establishing a common framework for managing this knowledge could save time,
reduce duplicative effort, and increase the scientific return on investment in systems biology research.
This framework for precisely tracking what was done to achieve a certain outcome also will empower
researchers to reproduce published results and review projects more effectively. This ability to
reproduce experiments described in publications is a key principle of the growing Open Science
movement.

The KBase team is developing an open-source, open-architecture framework for reproducible and
collaborative computational systems biology. KBase's primary scientific aim is to push multiple types of
functional data towards increasingly specific models of metabolic and regulatory behavior of microbes,
plants and their communities. We have brought together data and tools that allow probabilistic
modeling of gene function, which can be used in turn to produce experimentally testable models of
cellular metabolism and gene regulation.

One of the new components that will enable these complex, iterative analyses is KBase's new prototype
Narrative Interface, which provides a transparent, reproducible, and persistent view of the
computational steps and thought processes leading to a particular conclusion or hypothesis. These
“active publications” enable researchers anywhere in the world to re-use a workflow, follow chains of
logic, and experiment with changing input data and parameters.
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Reconstruction of food webs in biological soil crusts using
metabolomics

Richard Baran* (RBaran@Ibl.gov)," Jazmine Mayberry-Lewis,? Ulisses Nunes Da Rocha,’
Benjamin P. Bowen," Eoin L. Brodie,? Hinsby Cadillo-Quiroz,? Ferran Garcia-Pichel,? and Trent
R. Northen?

'Life Sciences Division, Lawrence Berkeley National Laboratory, Berkeley, California; 2School of Life
Sciences, Arizona State University, Tempe, Arizona; ®Earth Sciences Division, Lawrence Berkeley
National Laboratory, Berkeley, California

Biological soil crusts (BSCs) are communities of organisms inhabiting the upper layer of soil in arid
environments. BSCs persist in a dessicated dormant state for extended periods of time and experience
pulsed periods of activity facilitated by infrequent rainfall. Microcoleus vaginatus, a non-diazotrophic
filamentous cyanobacterium, is the key primary producer in BSCs in the Colorado Plateau and is an early
pioneer in colonizing arid environments. Over decades, BSCs proceed through developmental stages
with increasing complexity of constituent microorganisms and macroscopic properties. Metabolic
interactions among BSC microorganisms probably play a key role in determining the dynamics of
constituent populations and cycling of carbon and nitrogen. However, these metabolic interactions have
not been studied systematically. We performed untargeted mass spectrometry-based metabolite
profiling of cell extracts and spent media of Microcoleus and six heterotrophic bacterial isolates from
BSCs. The growth media of these bacteria were also supplemented with either the metabolite extract of
Microcoleus or a pooled metabolite extract of the six heterotrophs. Metabolite profiles of spent media
were compared to those of control media to detect uptake or release of specific metabolites by the
respective bacteria. Microcoleus was found to release a very broad range of metabolites, while it
uptakes a small set of central metabolites. These metabolites were also taken up by the heterotrophs,
but were not released into any media type by any of the bacteria. This observations points to a
competition for a small set of central metabolites by all analyzed bacteria if the metabolites are released
into the environment due to cell lysis. Surprisingly, the studied heterotrophs were found to utilize only a
subset of metabolites released by Microcoleus suggesting a specialization of individual heterotrophs
towards limited sets of organic nutrients. To our knowledge, this study is the first broad scale molecular
level analysis of potential metabolic interactions among bacteria in microbial communities.

Fungal perception of nutritional cues: A comparative transcriptomics
analysis of resource utilization in Neurospora crassa

J. Philipp Benz* (ph.benz@berkeley.edu)’, John E. Dueber'?, Chris R. Somerville*, and N.
Louise Glass'?

'Energy Biosciences Institute, “Department of Bioengineering, *Department of Plant and Microbial
Biology, University of California at Berkeley, Berkeley, California

The need for a stable and sustainable source of energy is one of the grand challenges of our generation.
Using lignocellulosic plant biomass as a renewable feedstock e.g. for biofuel production can contribute
substantially on our way to meet this goal. However, for highest efficiency the utilization of all major
constituent sugars is required. To this end, enzyme cocktails adapted to the individual composition of
given feedstocks would be desirable as well as the engineering of downstream organisms able to
ferment all major monosaccharides. In particular fungi are among the most promising tools to
deconstruct plant cell wall polysaccharides due to their importance in global carbon recycling, but much
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remains to be learned about their enzyme production and sugar utilization mechanisms. A more
profound knowledge of the fungal interaction with different plant substrates will therefore be highly
informative for efforts to achieve a cost-effective biofuel production process.

So far, we performed systematic analyses of how Neurospora crassa perceives the presence of the three
major plant-derived polysaccharides cellulose, xylan and pectin. Although still low in resolution, the
comparison of the individual responses allowed us to deduce fundamental knowledge on fungal
adaptation strategies to the carbon composition in its environment at a genome-wide level. Our study
moreover revealed new factors involved in specific sugar utilization pathways. For example, we
identified the first eukaryotic high-affinity MFS-type transporter for the uptake of galacturonic acid
(GAT-1), which was used for pathway engineering in yeast to generate a transporter-dependent uptake
and catalysis system into downstream products with high potential for utilization as platform chemicals.

As part of the JGI Community Sequencing Program “The Fungal Nutritional ENCODE Project” (lead-Pl: N.
Louise Glass), we are planning to dramatically increase the resolution of our gene regulation models as
of today. By transcriptional analysis of the fungal response to several hundred nutritional and light
regimes using RNA-Seq, and by leveraging the genomic resources of N. crassa, such as the transcription
factor deletion strain library, we will create a nutritional regulatory map important for the discovery of
the function of many additional factors and regulons associated with resource utilization. These data will
be informative for the rational design of fungal strains for biomass degradation and conversion, and at
the same time serve as a community tool for hypothesis-driven research on N. crassa as well as a wide
spectrum of other filamentous fungi.

Elimination of hydrogenase active site assembly blocks H; production
and increases ethanol yield in Clostridium thermocellum

Ranijita Biswas,"? Charlotte M. Wilson,"? Tianyong Zheng,** Richard J. Giannone,?* Dawn M.
Klingeman,"? Robert L. Hettich,?* Daniel G. Olson,?* Lee R. Lynd,** Steven D. Brown,"?and
Adam M. Guss* (gussam@ornl.gov)'?

'Biosciences Division, 2BioEnergy Science Center, ° Chemical Sciences Division, Oak Ridge National
Laboratory, Oak Ridge, Tennessee; 4Thayer School of Engineering at Dartmouth College, Hanover, New
Hampsire

The native ability of Clostridium thermocellum to rapidly consume cellulose and produce ethanol makes
it a leading candidate for a consolidated bioprocessing (CBP) biofuel production strategy. C.
thermocellum also synthesizes lactate, formate, acetate, H,, and amino acids that compete with ethanol
production for carbon and electrons. Elimination of H, production could redirect carbon flux towards
ethanol production by making more electrons available for acetyl-CoA reduction to ethanol. C.
thermocellum encodes four hydrogenases and rather than delete each individually, we targeted a
hydrogenase maturase gene (hydG), involved in converting the three [FeFe] hydrogenase apoenzymes
into holoenzymes. Further deletion of the [NiFe] hydrogenase (ech) resulted in a mutant that
functionally lacks all four hydrogenases. H, production in AhydGAech was undetectable and ethanol
yield increased nearly 2-fold compared to wild type. Interestingly, mutant growth improved upon the
addition of acetate, which led to increased expression of genes related to sulfate metabolism,
suggesting these mutants may use sulfate as a terminal electron acceptor to balance redox reactions.
Genomic analysis of AhydG revealed a mutation in adhE, resulting in a strain with both NADH- and
NADPH-dependent alcohol dehydrogenase activities. While this same adhE mutation was found in
ethanol tolerant C. thermocellum strain E50C, AhydG and AhydG Aech are not more ethanol tolerant
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than wild type, illustrating the complicated interactions between redox balancing and ethanol tolerance
in C. thermocellum. The dramatic increase in ethanol production here suggests that targeting protein
post-translational modification is a promising new approach for inactivation of multiple enzymes
simultaneously for metabolic engineering.

Learning direct microbial interaction networks from perturbations on
artificially constructed bacterial communities

Surojit Biswas* (sbiswas@live.unc.edu)," Nathan P. McNulty,? Derek S. Lundberg,® Jeffrey I.
Gordon,? Jeffery L. Dangl,** and Vladimir Jojic®

1Depar‘tment of Statistics and Operations Research, University of North Carolina at Chapel Hill, Chapel
Hill, North Carolina; “Center for Genome Sciences and Systems Biology, Washington University School of
Medicine, St. Louis, Missouri; *Department of Biology, University of North Carolina at Chapel Hill, Chapel
Hill, North Carolina; *“Howard Hughes Medical Institute, University of North Carolina at Chapel Hill, Chapel
Hill, North Carolina; 5Department of Computer Science, University of North Carolina at Chapel Hill,
Chapel Hill, North Carolina

Microbes that associate with higher eukaryotes often perform metabolic functions that underpin host
vitality. Importantly, they coexist with various symbiotic relationships. Understanding the structure of
their interactions may simplify the list of microbial targets that can be modulated for host benefit.

While correlation based methods are a popular approach to study interrelationships between microbes,
two correlated microbes need not interact if, for example, they are co-regulated by a third. Gaussian
graphical models remedy this concern by inferring direct associations; however, they assume that the
data in hand is normally distributed. Finally, neither correlation nor Gaussian graphical modeling offer a
systematic way to control for confounding covariates. We therefore developed a Poisson-multivariate
normal hierarchical model that controls for confounding predictors at the Poisson layer, and
parsimoniously captures direct microbe-microbe interactions at the multivariate normal layer using an
L1 penalized precision matrix.

To test the model with real data, we inoculated the sterilized and inert calcined-clay soil of each of 46
Arabidopsis thaliana plants with 9 bacterial soil-isolates in varying relative abundances in order to
perturb any underlying interaction structure. Four weeks post inoculation, we harvested and 16S
profiled each root and derived a 46-samples x 9-isolates count matrix. Application of our model to this
count table, while entering starting input abundance, log-sequencing depth, and experimenter as
predictors, revealed strong predicted antagonisms between isolate pairs (181,105), (105,50), and
(303,8). In vitro co-plating experiments corroborated these predictions in direction and also semi-
guantitatively.

Additionally, we applied our model to data from three independent artificial community experiments
previously published by the Gordon lab. Each study had an intellectually unique focus on a specific host-
microbe dynamic in gnotobiotic mice. Surprisingly, in all three datasets our model predicted a strong,
positive interaction between Clostridium scindens and Collinsella aerofaciens, and the presence of an
inert strain, Bacteroides uniformis. In collaboration with the Gordon lab, we are presently validating
these predictions using a series of single-member drop-out and drop-in experiments.

We conclude that our Poisson-multivariate normal hierarchical demonstrates potential to infer true,
direct microbe-microbe interactions in artificially constructed communities. Importantly, explicitly
modeling counts and accounting for confounding predictors is necessary to detect these interactions.
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Our ongoing collaboration with the Gordon lab will help to further establish our method’s accuracy for
detecting direct microbe-microbe interactions. We envision using our model to help engineer stable
microbial consortia that are deliverable as a probiotics to plant or human hosts.

Molecular dissection of stomatal infection in the maize foliar
pathogen Cercospora zeae-maydis through comparative and
functional genomics

Burt H. Bluhm* (bbluhm@uark.edu)’, R. Louis Hirsch? John Ridenour', Jonathon Smith’,
Ahmad Fakhoury®, Shantae Wilson', and Kara Troglin'

'Department of Plant Pathology, University of Arkansas, Division of Agriculture, Fayetteville, Arkansas;
’Department of Mathematics and Sciences, Coker College, Hartsville, South Carolina; *Department of
Plant, Soil, and Agricultural Systems, Southern lllinois University, Carbondale, lllinois

Cercospora zeae-maydis causes gray leaf spot, a ubiquitous and often devastating foliar disease of
maize. The infection biology underlying gray leaf spot is complex: C. zeae-maydis senses host stomata,
which it then grows towards and utilizes as portals of entry into maize leaves, followed by a latent,
hemi-biotrophic phase preceding the induction of necrosis. Our focus is to understand the molecular
basis of infection in C. zeae-maydis and related Dothidiomycete fungi, with the overarching goal of using
this information to improve disease management. To dissect pathogenesis, we have employed a
combination of techniques in molecular genetics and functional genomics, which was substantially
accelerated by the public release of the C. zeae-maydis genome sequence by DOE-JGI in 2011.

Recently, through reverse genetics, we established a genetic linkage between light sensing, the innate
circadian clock of C. zeae-maydis, and stomatal perception by the fungus. Additionally, we identified
putative epigenetic regulators governing the transition to hemi-biotrophy through a forward genetic
screen (tagged mutants with deficiencies in appressorium formation) combined with differential
expression profiling via RNA-seq (genes highly expressed in C. zeae-maydis during apressorium
formation). The forward genetic component was facilitated by whole-genome resequencing of selected
mutants to precisely characterize the site(s) of disruption. Furthermore, we are utilizing comparative
genomics to identify putative regulators of pathogenesis in C. zeae-maydis. To this end, we have
recently obtained high-quality draft genome sequences for C. zeina (a sibling species of C. zeae-maydis
that also causes gray leaf spot of maize), C. sojina (causal agent of frogeye leaf spot of soybean), and C.
kikuchii (causal agent of Cercospora leaf blight of soybean). Of particular interest are genes undergoing
diversifying selection, displaying patterns of presence/absence that correlate with host range or other
relevant parameters, or are unique at the genus or species level. Although many questions remain to be
answered, our findings to date have provided the most complete understanding thus far of stomatal
infection by a plant pathogenic Ascomycete. Importantly, our findings have led to the formulation of
new hypotheses regarding how C. zeae-maydis senses stomata, the genetic and morphogenic basis of
the transition to hemi-biotrophy, and mechanisms through which necrosis is induced during the final
stages of pathogenesis.
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JAMO: A scaleable metadata, data provenance and file organizer
Alex E. Boyd* (aeboyd@lIbl.gov)', Chris Beecroft', and Kjiersten Fagnan?
'DOE Joint Genome Institute, Walnut Creek, California; NERSC, Lawrence Berkeley National Laboratory

As data ages and old file systems become obsolete, data files and information become increasingly
difficult to locate. The problem is compounded as data loses ownership or when institutional
knowledge about the data becomes lost. Furthermore these "lost" files continue to consume space on
local disks reducing space available for new data.

The JGI Archiver and Metadata Organizer (JAMO) was designed to solve these problems. JAMO stores
metadata about every file and/or collection in a flexible key value store using MongoDB that allows
gueries across every record against any key. In addition, JAMO's hierarchical data management system
addresses data life-cycle as older, less-used data is regulated to higher-latency secondary storage
systems freeing up space for newer and often used data. JAMO is also language agnostic as all
communication to the system is done though the RESTful interface standard.

Recent divergence in fungal populations
Sara Branco* (sara.mayer.branco@gmail.com), John Taylor, and Tom Bruns
Department of Plant and Microbial Biology, University of California at Berkeley, Berkeley, California

Genetic differentiation between populations, signaling the effects of reduced gene flow and adaptation
that are the main drivers of speciation, is essential to understanding biodiversity. Very little is currently
known about how fungal populations differentiate in nature. Here, we investigate the divergence of a
coastal and a mountain population of Suillus brevipes, a widespread mycorrhizal fungus associated with
pine forests. Whole genome assembly and resequencing of 28 S. brevipes individuals revealed 567,192
shared SNPs that supported two recently diverged populations, each with low genetic diversity. As
expected, mean genome-wide Fst is very low, indicating little overall population differentiation.
However, genome-wide scans for regions of high differentiation using 5kb windows, reveal several
highly differentiated regions, that harbor eight genes coding for five known proteins associated with
cellular processes and signaling. Demographic inference suggests the two populations are isolated, with
no migration between the coast and mountain. Population genetic differentiation and adaptation can
occur by natural selection or genetic drift. Tests of the ratio of non-synonymous to synonymous
mutations and identity of genes in the highly diverged regions may provide evidence of natural selection
and suggest modes of adaptation. Further research including other mountain and coastal S. brevipes
populations will be needed to identify the sources of the highly diverged regions.

Metagenome-enabled investigations of carbon and hydrogen fluxes
within the serpentinite-hosted subsurface biosphere

William J. Brazelton* (william.brazelton@utah.edu)' and Matthew O. Schrenk?

'Department of Biology, University of Utah, Salt Lake City, Utah; “Department of Geological Sciences,
Michigan State University, East Lansing, Michigan

Ultramafic rocks in the Earth’s mantle represent a tremendous reservoir of carbon and reducing power.
Upon tectonic uplift and exposure to fluid flow, serpentinization of these materials generates copious
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energy, sustains abiogenic synthesis of organic molecules, and releases hydrogen gas (H,). Microbial
communities hosted within serpentinites may be important mediators of carbon and energy exchange
between the deep Earth and the surface biosphere. Actively serpentinizing rocks are present on all of
the world’s continents, comprise significant portions of the deep seafloor, generate large quantities of
geochemical energy, and yet are some of the most poorly understood portions of the biosphere. Our
team is involved in a series of ongoing interdisciplinary investigations aimed at defining the global
serpentinite microbiome in the context of detailed chemical and physical data.

Our JGI community sequencing project includes complete genome sequencing of cultivated isolates and
metagenome and metatranscriptome sequencing of subsurface fluid samples collected from several
sites of active serpentinization. The intent of this project is to improve our understanding of both the
taxonomic and functional diversity of microbial communities in the serpentinite subsurface. Specifically,
we intend to target catabolic processes and microbial interactions with carbon pools (autotrophy,
fermentation, methanogenesis, respiration). By studying community genomes in the context of detailed
environmental data, we will also be able to resolve physiological adaptations to the serpentinite
microbiome, with implications for both culturing approaches and practical applications (e.g. carbon
capture and storage, extremozymes, alternative energy). By targeting the metagenome and
metatranscriptome of such samples in parallel, we will assess both the functional potential and the
activities of serpentinite-hosted subsurface microbial communities.

Our previous results have revealed genes involved in lithotrophy, fermentation, and hydrogen oxidation,
suggesting that the dominant organisms are supported by serpentinization-related processes (Brazelton
et al., 2012). More specifically, our results point to H,-utilizing Betaproteobacteria thriving in shallow,
oxic-anoxic transition zones and anaerobic Clostridia thriving in anoxic, deep subsurface habitats. These
data demonstrate the feasibility of metagenomic investigations into novel subsurface habitats via
surface-exposed seeps and indicate the potential for H,-powered primary production in serpentinite-
hosted habitats. Analyses of our new JGI CSP data are ongoing, and preliminary results indicate
extraordinary taxonomic similarities throughout the geographic range of serpentinite microbiomes we
have sampled.

Brazelton, W.J., B. Nelson and M.O. Schrenk (2012) Metagenomic evidence for H, oxidation and H,
production by serpentinite-hosted subsurface microbial communities. Frontiers in Extreme Microbiology
2:268. doi: 10.3389/fmicb.2011.00268.
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Developing for KBase

Thomas Brettin* (brettin@cels.anl.gov)," Rick Stevens,’ Jason Baumohl,? Aaron Best,* Jared
Bischof,' Ben Bowen,? Tom Brown," Shane Canon, Stephen Chan,? John-Marc Chandonia,?
Dylan Chivian,? Ric Colasanti,’ Neal Conrad,’ Brian Davison,* Matt DeJongh,®> Paramvir Dehal,?
Narayan Desai,' Scott Devoid," Terry Disz,' Meghan Drake,* Janaka Edirisinghe,’ Gang Fang,’
José Pedro Lopes Faria,' Mark Gerstein,’ Elizabeth M. Glass,' Annette Greiner,? Dan Gunter,?
James Gurtowski,’ Nomi Harris,? Travis Harrison,' Fei He,® Matt Henderson,? Chris Henry,’
Adina Howe," Marcin Joachimiak,? Kevin Keegan,' Keith Keller,> Guruprasad Kora,* Sunita
Kumari,’ Miriam Land,* Folker Meyer," Steve Moulton,* Pavel Novichkov,” Taeyun Oh,® Gary
Olsen,’ Bob Olson," Dan Olson," Ross Overbeek,' Tobias Paczian," Bruce Parrello,' Shiran
Pasternak,® Sarah Poon,? Gavin Price,? Srivdya Ramakrishnan,® Priya Ranjan,* Bill Riehl,?
Pamela Ronald,® Michael Schatz,® Lynn Schriml,'® Sam Seaver,' Michael W. Sneddon,?> Roman
Sutormin,? Mustafa Syed,* James Thomason,® Nathan Tintle,® Will Trimble,' Daifeng Wang,’
Doreen Ware,>® David Weston,* Andreas Wilke," Fangfang Xia," Shinjae Yoo,’ Dantong Yu,®
Robert Cottingham,* Sergei Maslov,® and Adam P. Arkin?

1Argonne National Laboratory, Argonne, lllinois; Lawrence Berkeley National Laboratory, Berkeley,
California; *Hope College, Holland, Michigan; *Oak Ridge National Laboratory, Oak Ridge, Tennessee;
°Brookhaven National Laboratory, Upton, New York; ®Cold Spring Harbor Laboratory, Cold Spring Harbor,
New York; "Yale University, New Haven, Connecticut; 8University of California at Davis, Davis, California;
9University of lllinois at Champaign-Urbana, Champaign, lllinois; 10University of Maryland, College Park,
Maryland

The KBase team is developing an open-source, open-architecture framework for reproducible and
collaborative computational systems biology. One of the key operating principles of KBase is to allow the
scientific community to incorporate their own algorithms into the system to make them available to
others easily; to avail themselves of the KBase computational architecture; and to make use of the
KBase data sources. The KBase team aims to make this process simple and to provide an easy route for
dissemination of new tools and comparison to existing tools in a common framework.

KBase system design is firmly rooted in our service-oriented architecture and in our commitment to
open source development and distribution models. These aspects of the project have been with the
system since its inception, and will continue to be a guiding force for future work. The KBase system
design is based on several sound best practice principles including consistent code use, code re-use, and
the decoupling of modular system components. We have established standard software engineering
processes for version control, software and data builds, testing, QA/QC, deployments and releases.
These enable the deployment of a large number of services by a relatively small release engineering
team.

To prepare for potential future services contributed by the community, we provide developer training
materials on our website as well in hands-on developer training sessions called bootcamps. In the
future, we plan to offer a wider range of bootcamps and webinars to target different types of
developers and different scientific focus areas. In the meantime, prospective developers and
computational biologists can find information about KBase service design at http://kbase.us/developer-
zone/.
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Niche adaptation of Methanomicrobiales methanogens revealed by
comparative genomics

Patrick Browne and Hinsby Cadillo-Quiroz* (hinsby@asu.edu)
School of Life Sciences, Arizona State University, Tempe, Arizona

The Methanomicrobiales order of methanogens are the dominant methanogens in a a broad range of
terrestrial and freshwater anaerobic habitats. Their contribution of methane (CH,) to the atmosphere is
important to consider in light of global climate change. Yet they remain understudied relative to the
class | methanogens and the Methanosarcinales. We examine the genomes of nine Methanomicrobiales
strains isolated from a diversity of habitats including Northern peatlands, tar pits and anaerobic sludges
digesting a variety of organic wastes. Although all nine strains are capable of reducing carbon dioxide
(CO,) to CHy, via the same basic biochemical steps, differences in reducing equivalent trafficking and
energy conservation during methanogenesis were identified and are likely implicated in niche
adaptation. Our results imply that electron bifurcation between heterodisulfide reductase and
formylmethanofuran dehydrogenase occurs via a different complex of proteins to that characterized in
the class | methanogens, highlighting the need for more biochemical studies focused on the
Methanomicrobiales order. Adaptations to the peatland environment were focused on coping with the
low availability of inorganic nutrients. The peatland strains, Methanoregula boonei and
Methanosphaerula palustris, shared a complement of inorganic ion transporters not found in the other
strains, including an ATP-dependent potassium uptake system not commonly found in the Archaea. The
requisite genes to fix atmospheric nitrogen were also found in both peatland strains and in
Methanoplanus petrolearius, a strain isolated from an offshore oil field. Methanocorpusculum
labreanum, isolated from a tar pit showed a clear trend of genome downsizing leading to niche
specialization. M. labreanum was the only strain that lacked genes encoding an archaeal flagellum as
well as chemotaxis related genes. Despite having the smallest genome, M. labreanum had the highest
inferred rate of horizontal gene acquisition, and acquired far more genes from the Firmicutes and far
fewer genes from the Proteobacteria in comparison with the other eight strains.

Anchored assembly: An algorithm for large structural variant
detection using NGS data

Jeremy Bruestle, Becky Drees, Niranjan Shekar* (niranjan@spiralgenetics.com)
Spiral Genetics, Seattle, Washington

Characterization of large indels, inversions, and multi-nucleotide variants is important for microbial
genomics and agrigenomics studies. These are often undetected by standard pipelines. Spiral Genetics
has developed Anchored Assembly, a novel method using direct, de novo read overlap assembly to
accurately detect variants from next-generation sequence reads. We detect, on average, over 90% of
indels and structural variants up to 30 kbp in non-repetitive regions. The ability to detect deletions and
structural variants is undiminished by variant size, and the ability to accurately detect and assemble
insertions continues well into the 30 kbp range.

We assembled 100 bp lllumina reads from E. coli MG1655 using an E. coli DH10B reference. Anchored
Assembly reproduced over 95% of the structural differences between DH10B and MG1655 E. coli strains,
including a 56 kbp insertion and 144 kbp deletion, and detected 99% of SNVs.

Posters alphabetical by first author. *Presenting author B10



Poster Presentations

Anchored Assembly was evaluated against Pindel and BWA + GATK using simulated read data. Datasets
were generated by populating chromosome 22 of the human genome reference sequence with a set of
SNPs, insertions, deletions, inversions, and tandem repeats. Overall, Anchored Assembly detected over
90% of indels and structural variants up to 50 kbp and SNPs with false discovery rates well below 1%. In
comparison, Pindel and BWA + GATK had overall false discovery rates of 10% and 9%, respectively.

Anchored Assembly’s extensive detection range and low false discovery rates may benefit a number of
applications. The ability to accurately detect structural differences will be useful for characterizing
microorganism strains and drafting genomes using a reference of a sufficiently closely related species.

Validation of molecular targets associated with reduced biomass
recalcitrance in naturally occurring Populus trichocarpa

Anthony C. Bryan* (bryanac@ornl.gov)', Wellington Muchero', Jianjun Guo', Hengfu Yin',
Sara S. Jawdy', Olaf Czarnecki', Lee E. Gunter', Jennifer L. Morrell-Falvey’, Stephen P.
DiFazio?, Gancho T. Slavov®, Gerald A. Tuskan’, and Jin-Gui Chen'

'Biosciences Division, Oak Ridge National Laboratory, Oak Ridge, Tennessee; ’Department of Biology,
West Virginia University, Morgantown, West Virginia; *Institute of Biological, Environmental and Rural
Sciences, Aberystwyth University, Gogerddan, Aberystwyth Ceredigion, United Kingdom

Renewability, sustainability and affordability are attributes fueling the development of alternative
energy sources. With a specific emphasis on biofuel development, Populus represents a viable energy
alternative through the conversion of lignocellulosic biomass into biofuel. The high cost of extracting
sugars from the recalcitrant biomass through chemical or enzymatic treatments has necessitated the
identification of poplars with higher sugar release (e.g. reduced recalcitrance) potential. Our objective is
to develop Populus feedstocks with favorable traits that can be exploited by the biofuel industry.

To identify favorable genetic backgrounds and loci regulating desirable traits, a genome-wide
association study was conducted utilizing naturally occurring P. trichocarpa variants genotyped with
34,160 single nucleotide polymorphisms (SNPs). Several loci were identified with high association to cell
wall chemistry phenotypes including sugar release, S/G ratio and lignin content. Through this analysis
we identified several proteins with diverse molecular functions including transcription factors, kinases
and metabolic enzymes that have previously not been associated with cell wall chemistry phenotypes.
These loci were verified based on sequence analysis which identified alternative allelic variants
segregating in the population. Variant alleles of individual loci were transfected into Populus
protoplasts. We determined the effects of overexpressing the individual allelic variants on cell wall
chemistry in protoplasts using an expression analysis of specific genes known to function in the
biosynthetic pathways of cellulose (CESA8), hemicellulose (GT43B) or lignin (CCOAOMT1). We identified
distinct effects on these markers for the cell wall biosynthesis pathways for the individual allelic
variants. One locus, representing a potential transcription factor that may also function outside the
nucleus, had an allelic variant in the form of extra poly glutamine repeats (PolyQ). This variant showed a
reduced amount of CCOAOMT1 expression. Additional functional analyses of identified target genes
were tested using T-DNA disruptions of homologous loci in Arabidopsis thaliana. Loss-of-function
mutant lines of the Arabidopsis homolog of the Populus PolyQ locus showed a reduction in lignin
content. The extra PolyQ repeat in this variant locus may disrupt protein function, similar to PolyQ
repeats disruption in animals, leading to reduced lignin accumulation in Populus lines harboring variant.
This PolyQ locus may represent a novel regulator of cell wall chemistry and is a potential target for
engineering reduced recalcitrance of lignocellulosic biomass.
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Fungal host-association as a driver of metabolic diversity

Kathryn E. Bushley* (bushleyk@science.oregonstate.edu),’ C. Alisha Owensby,? and Joseph
W. Spatafora?

'Department of Plant Biology, University of Minnesota, St. Paul, Minnesota; *Department of Botany and
Plant Pathology, Oregon State University, Corvallis, Oregon

Fungal metabolism plays a key role in pathogenesis of fungi on both plants and animals as well as
adaption of fungi to particular ecological niches. Drawing on examples from the fungal order
Hypocreales, which includes pathogens of plants, insects/animals, and other fungi, we examine changes
in metabolic potential associated with a shift from plant to either insect/animal hosts. Using a
combination of comparative genomics, phylogenomics, and transcriptomics we examine expansions and
contractions in gene families (CAZymes, P450s, proteases) involved in degradation of distinct host
carbon and nitrogen sources in plant versus insect or fungal associated lineages. We also identify gene
clusters involved in production of secondary metabolites that are either unique to insect pathogens or
upregulated in media containing insect cuticle or insect hemolymph. Focusing on nonribosomal peptide
synthetases (NRPSs), a class of secondary metabolite multimodular enzymes which produce small
bioactive peptides (NRPs) without the aid of ribosomes, we examine expansions and contractions of
phylogenetic clades of NRPS adenylation domains which correlate with host. We also address the
extent to which these correlations result from independent expansions versus acquisition by horizontal
transfer and address evolutionary and genetic mechanisms that contribute to diversification of both
NRPS genes and their corresponding chemical products.

BBMap: A fast, accurate splice-aware aligner for short and long reads
Brian Bushnell* (bbushnell@Ibl.gov)
DOE Joint Genome Institute, Walnut Creek, California

http://sourceforge.net/projects/bbmap/

Current alignment software is capable of running fast enough to process the huge volume of 3"
generation sequencer output, or sensitively enough to map one species or strain to another or tumor to
normal tissue, but not both. The commonly used fast aligners have severe limitations regarding indel
length, number of mismatches, maximum reference genome size, and ability to process RNA-seq data
that limit their usefulness outside of examining SNPs in complete genomes such as Homo Sapiens.

BBMap is a mapping and alignment program designed to surpass these limits, processing reads from
3rd-generation or single-molecule sequencing technologies (such as PacBio) at greater speed, sensitivity,
and specificity than any other high-throughput alignment software. It is capable of processing RNA-seq
data without a splice database, achieving greater speed and mapping rates than Tophat. It can index far
more rapidly than Burrows-Wheeler based algorithms, which is very useful for examining multiple
assemblies of the same organism. It also has several novel features designed to enhance JGI's quality
control and metagenomic assembly, such as binning reads by mapping to multiple references
simultaneously and generating insert size and defect histograms internally, rather than as a second pass
on a sam file.

This presentation will describe how BBMap works, and show some results comparing the speed and
accuracy of BBMap to other software including bwa, Bowtie2, and TopHat.
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BBMap is written in pure Java and is platform independent, with no recompilation needed, making
distribution and installation trivial. It is available open source under a BSD license.

Assessment of mercury resistance in Fosmid library from mangrove
sediment

Lucélia Cabral* (luc.g.cabral@gmail.com), Sanderson Tarciso Pereira de Sousa, Gileno Vieira
Lacerda Junior, Julia Ronzella Ottoni, Daniela Ferreira Domingos, and Valéria Maia de Oliveira

Divisdo de Recursos Microbianos, Research Center for Chemistry, Biology and Agriculture (CPQBA),
Campinas University — UNICAMP, Sao Paulo. Brazil.

Brazil holds one of the largest mangrove extensions in the world, an ecosystem very rich in biodiversity,
including aquatic animals, birds, reptiles, mammals and microorganisms. In Brazil, mangroves are areas
of permanent environmental protection. Despite of this, mangroves have been highly exposed to
anthropic activities, including oil spills and industrial wastes that carry heavy metals. Microorganisms
found in the environment can adapt to the presence of pollutants, thus developing survival mechanisms.
In spite of the great diversity and relevance of the microorganisms that inhabit mangroves, scarce
research has been carried out about this subject in Brazil. Although improvements on in vitro techniques
have been made in order to recover microorganisms from these sites, the knowledge of the mangrove
microbiota remains incipient. In this context, the aim of this study was to assess the presence of
mercury resistance in one fosmid library constructed using sediment samples collected from a mangrove
area located in Bertioga, State of Sdo Paulo, Brazil. The fosmid library comprised 13,000 clones and the
sampling site was moderately impacted by anthropogenic activities. The functional screening of clones
resistant to mercury was carried out according to methodology described by Freeman et al. (2005) with
few modifications. Briefly, clones were grown in microplates (96 wells) containing LB liquid medium and
chloramphenicol (12.5 ug/ml), followed by incubation at 37° C in a rotary shaker (150 rpm) for 18 h.
After incubation, aliquots of the clone culture (10 pl) were transferred to another microplate filled with
150 pl LB broth containing chloramphenicol (12.5 pg/ml) and mercury. E. coli EPI 300 was used as
negative control. After 48 h, the growth was measured using Elisa spectrophotometer. From 1,920
clones tested, 5 positive clones presented higher optical density (O.D.) in comparison to the others in
the presence of 0.016 mM of mercury. These clones were selected for further studies on metal
tolerance and degradation. Fosmid DNA sequencing of the positive clones for structural analysis of the
operon responsible for metal resistance is currently being undertaken.

Analysis and comparison of metagenomes from six North American
forests: Giants on shoulders of giants

Erick Cardenas* (carden24@mail.ubc.ca), Kendra Maas, Steven Hallam, and William W. Mohn

Department of Microbiology and Immunology, Life Sciences Institute, University of British Columbia,
Vancouver, Canada

Forest are important ecosystems that play a critical role in the global carbon cycle contributing to almost
half of the terrestrial net primary productivity and storing 45% of the terrestrial carbon. In the forest,
the soil microbial communities provide many of the critical ecosystem functions including transport of
water and nutrients, and nutrient cycling by decomposing woody biomass, making the nutrients trapped
in the biomass available for primary productivity. Thus, improved understanding of the soil system is
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essential to improve forest productivity and predict the impact of forest harvesting on the microbial
communities and the functions they provide.

We used metagenomics to understand the functional and phylogenetic diversity of soil microbial
communities under six North American forest sites that are part of the Long Term Soil Productivity
experiment. Over a hundred shotgun metagenomes were generated by lllumina sequencing for soil
samples which include both organic and mineral soil layers. Additionally, community structure was
determined by pyrotag sequencing of the 16S rRNA gene (Bacteria) and the ITS2 region (Fungi) via 454
sequencing. After quality control, we obtained over 940 Gb that ware later assembled and analyzed.
Each sample was assembled separately, and also a combined assembly was generated for each site (21
to 24 samples together). Combining samples greatly improved he overall assembly which produced 8.5
Gb of assembled contigs. Assembled contig were annotated using IMG, and unassembled reads were
compared against the CAZy database to determine the diversity of enzymes involved in lignocellulose
degradation. Partial genomes were binned, and recovered from the assemblies using Metawatt and
later analyzed for completeness (using a set of widely conserved genes) and classification (using MEGAN
and marker genes).

The microbial communities were consistently dominated by Alphaproteobacteria followed by
Actinobacteria and Acidobacteria on the Bacterial side while Ascomycota and Agaromycota dominated
the fungal side. Clustering based on phylogeny was strongly influence by the ecozone and secondarily
by the soil layer, while clustering based on functional genes (COGS, and CAZy gene families) showed the
opposite trend where the soil layer was the strongest separating factor. Recovered genomes were
mostly associated with Alphaproteobacteria (Bradyrhizobium, Rhodopseudomonas), Acidobacteria , and
Actinobacteria in agreement with our pyrotags results. Few partial fungal genomes were recovered.

This research contributes to the understanding of the soil forest environment as a strongly structured
environment and as a potential source enzymes of biotechnological application.

Helitrons, active tools shaping Basidiomycete genomes. The
Pleurotus ostreatus case.

Castanera R., Pérez G., Santoyo F., Alfaro M., Parenti A., Muguerza E., Meijueiro M.L.,
Borgognone A., Varas L., Sancho R., Oguiza J., Pisabarro A.G., and Ramirez L.*
(Iramirez@unavarra.es)

Genetics and Microbiology Research Group, Department of Agrarian Production, Public University of
Navarre, Pamplona, Spain

Eukaryotic rolling-circle transposons, also known as helitrons, are a type of class-1l transposons recently
discovered by computational analyses in plant and animal genomes (1). They bear conserved structural
hallmarks such as a 5' - TC terminus; a subterminal palindromic hairpin followed by a 3’- CTRR terminal
end, and displays an insertion preference at AT dinucleotides. Putative autonomous elements previously
described in plants, animals and fungi encode a protein (RepHel) containing a motif conserved in the
replication initiator (Rep) of plasmid rolling-circle replicons, as well as a DNA helicase (Hel) domain. The
presence of these domains as well as the absence of target site duplications flanking helitron boundaries
suggest that these elements could transpose by a rolling circle mechanism [1]. Previous studies have
demonstrated their capacity to capture and mobilize gene fragments and complete genes in plant and
animal genomes [1]. We have used a bio-informatics approach for the identification of fungal helitrons
based on de novo detection of their structural features combined with homology-based searches of
helitron-specific helicases. We have found two helitron families in PC15 and PC9 P. ostreatus strains,
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accounting for 0.21% and 0.07% of their respective genome sizes. These families (HELPO1 and HELPO2)
bear putative autonomous helitrons, non autonomous elements as well as truncated copies.
Interestingly, every intact helitron of HELPO1 family carries at least one captured gene of unknown
function downstream the rephel helicase domain in the 5’ to 3’ direction. RNAseq analyses revealed that
both the rephel helicase and the captured genes of HELPO1 helitrons are actively transcribed in glucose-
based media and lignocelluse-based cultures. By contrast, members of the HELPOZ2 family didn’t show
transcriptional activity. Homology-based searches of helitron-like helicases in other fungi (284 genomes
[2]) showed a wider colonization of these elements in basidiomycotina (87% of the genomes) versus
ascomycotina (30% of the genomes) division. Phylogenetic analyses of plant, animal and fungal helitron-
like helicases uncovered a polyphyletic origin of these proteins, supporting the possibility of ancient
mobilizations between species belonging to different kingdoms through horizontal transfer.

1. Kapitonov, V.V. and J. Jurka, Rolling-circle transposons in eukaryotes. Proceedings of the
National Academy of Sciences of the United States of America, 2001. 98(15): p. 8714-8719.

2. Grigoriev, L.V, et al., The Genome Portal of the Department of Energy Joint Genome Institute.
Nucleic Acids Research, 2012. 40(D1): p. D26-D32.

A systems biology characterization of the biotechnological potential
stored in the wood-feeding beetle Odontotaenius disjunctus

Javier A. Ceja-Navarro* (JCNavarro@Ibl.gov)," Ulas Karaoz," Mari Nyssoonen," Mary S.
Lipton,? Joshua N. Adkins,? Kristin E. Burnum-Johnson,? Markus Bill,’ Timothy Filley,® Mark
Conrad," Xavier Mayali,* Peter K. Weber,* Meredith Blackwell,® Jennifer Pett-Ridge,* and Eoin
Brodie'

'Lawrence Berkeley National Laboratory, Berkeley, California; *Pacific Northwest National Laboratory,
Richland, Washington; *Purdue University, West Lafayette, Indiana; *Lawrence Livermore National
Laboratory, Livermore, California; ®Louisiana State University, Baton Rouge, Louisiana

The passalid beetle (Odontotaenius disjunctus) is a subsocial insect that survives on a low-nutrient diet
by feeding on large amounts of decaying wood. The morphologically differentiated gut regions of these
insects represent a complex of subunits with stratified microbial communities that degrade
lignocellulosic materials. Our goal is to characterize the potential stored in the microbiome of the
passalid beetle for the optimization of lignocellulosic-dependent energy production processes.

The transformation of lighocellulosic materials by the passalid beetle was first tested measuring the
fermentation products of plant polymer decomposition (H, and CH,4) with the use of microelectrodes
and gas chromatography-isotope ratio mass spectrometry (GC-IRMS). The transformation of lignin after
its passage through the gut was determined by **C-labeled tetramethylammonium hydroxide
thermochemolysis. Fosmid libraries were constructed using DNA from different beetle gut regions and
screened in high-throughput for lignin, cellulose, and hemicellulose degrading activity. Metagenomic
libraries were prepared and sequenced on the lllumina platform and annotated as well as the positive
clones from the fosmid libraries. Proteomics and metabolomics were applied to detect expressed
proteins and produced metabolites in each gut region.

Lignin side chain oxidation was confirmed by thermochemolysis with acid/aldehyde ratios increasing in
the beetle frass. Hydrogen gradients were observed using microelectrodes with concentrations as high
as 140 umol/L in the anterior hindgut (AHG). GC-IRMS analyses of C and H stable isotope fractionation
indicated that produced CH4 was primarily hydrogenotrophic. Fosmid library screening yielded a high
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number of clones with activity for the decomposition of cellulose, hemicellulose, and lignin — with the
highest potential detected in the AHG. The annotation of metagenomic libraries allowed the
identification of the likely contributors to cellulose, xylose and lignin modification. Sequences from
hydrogenotrophic methanogenic archaea were more abundant in the anterior hindgut, confirming our
previous phylogenetic studies of compartmentalization in the passalid beetle gut. A filtered isolate
database and predicted protein sequences from the metagenomes were used to search peptide spectra
for proteome reconstruction — preliminary results indicate a variation in the protein expression patterns
among the different gut segments potentially indicating a compartmentalization of function.

Our multi-scale approach demonstrates that the passalid beetle harbors and expresses the functional
potential to deconstruct lignocellulosic materials and produce H,, CH, and potentially other biofuels.
Identifying the microbial contributors to polymer deconstruction and fermentation, and determining
their spatial arrangement in the beetle gut will improve our understanding of the ecology of these
beetles and inform the design of lignocellulosic fuel production processes.

Functional phylogenomics analysis of bacteria and archaea using
consistent genome annotation with UniFam and improved
metagenome assembly with Omega

Juanjuan Chai', Tae-Hyuk Ahn', Bahlul Haider', Jillian F. Banfield?, Chongle Pan*
(panc@ornl.gov)’

'0ak Ridge National Laboratory, Oak Ridge, Tennessee; 2University of California at Berkeley, Berkeley,
California

Cellular functions in microorganisms can be acquired via prevalent horizontal gene transfers. However, if
all types of cellular functions can be easily transferred across the entire Bacteria and Archaea domains,
this will raise the fundamental question of what defines a microbial species and whether the speciation
of a microorganism should be considered as a process of descending from an ancestor (a phylogenetic
tree) or combining genes from multiple sources (a phylogenetic network). To shed light on this question,
we re-annotated ~12,000 genomes in GenBank using a new protein family database, UniFam, available
at http://unifam.omicsbio.org.

UniFam derived rich and uniform annotation from SwissProt (recommended full names, gene name,
enzyme classification (EC) number, and gene ontology (GO) terms), obtained high family-wide sequence
diversity using TREMBL, and constructed families at the whole protein level. In comparison to the
commonly used InterPro annotation pipeline, UniFam provided a comprehensive coverage of protein
sequence space to obviate the need to integrate multiple databases and enabled fast annotation of a
genome in hours. UniFam is to be updated in sync with the UniProt database to take advantage of the
increasing sequence coverage in TREMBL and the improving annotation in SwissProt. The
comprehensive genome annotation by UniFam allowed metabolic network reconstruction using
MetaCyc.

We represented cellular functions with GO biological processes and MetaCyc pathways and compared
cellular functions across 1,191 genera of the GenBank bacterial and archaeal genomes. Cellular
functions were characterized based on the consistency between their presence/absence in genomes
and the phylogeny and taxonomy of the genomes. Many cellular functions, such as antibiotic resistance,
were found to be dispersed across the phylogenetic tree in many distant taxa, probably as a result of
horizontal gene transfer. However, many other cellular functions, such as methanogenesis and CO,
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fixation, were found to be consistent with the phylogeny and concentrated in a few taxa. Therefore, we
hypothesize that a microbial species can be defined by a set of cellular functions that are generally
passed by vertical gene transfer and not by horizontal gene transfer. Microbial species may obtain
certain types of modular cellular functions via horizontal gene transfer to adapt to certain environments.

A more accurate functional phylogenomics analysis requires more comprehensive genome coverage of
the phylogenetic tree, particularly the novel taxa that cannot be readily cultured in laboratory for isolate
genome sequencing. To address this challenge, we are developing strategies to recover complete or
near-complete microbial genomes directly from metagenomic sequencing data. We developed a new
overlap-graph metagenome assembler (Omega), available at http://omega.omicsbio.org. Omega was
optimized for long lllumina reads (overlapping paired-end 300-bp MiSeq or 250-bp HiSeq sequencing).
The progress in sequencing technologies and assembly algorithms will soon allow reconstruction of high-
guality genomes from many novel taxa.

The KBase narrative user interface

Stephen Chan* (sychan@lbl.gov)," Jason Baumohl,' Aaron Best,? Jared Bischof,? Ben Bowen,’
Tom Brettin,” Tom Brown,? Shane Canon,' John-Marc Chandonia,’ Dylan Chivian," Ric
Colasanti,? Neal Conrad,? Brian Davison,®> Matt DeJongh,® Paramvir Dehal*," Narayan Desai,?
Scott Devoid,? Terry Disz,?> Meghan Drake,® Janaka Edirisinghe,?> Gang Fang,” José Pedro
Lopes Faria,? Mark Gerstein,’ Elizabeth M. Glass,? Annette Greiner," Dan Gunter,' James
Gurtowski,” Nomi Harris," Travis Harrison,? Fei He,* Matt Henderson,' Chris Henry,? Adina
Howe,? Marcin Joachimiak,' Kevin Keegan,? Keith Keller," Guruprasad Kora,® Sunita Kumari,’
Miriam Land,® Folker Meyer,? Steve Moulton,® Pavel Novichkov,' Taeyun Oh,® Gary Olsen,® Bob
Olson,? Dan Olson,? Ross Overbeek,” Tobias Paczian,” Bruce Parrello,? Shiran Pasternak,’
Sarah Poon," Gavin Price,’ Srivdya Ramakrishnan,’ Priya Ranjan,’ Bill Riehl," Pamela Ronald,?
Michael Schatz,® Lynn Schriml,'® Sam Seaver,? Michael W. Sneddon,' Roman Sutormin,’
Mustafa Syed,?® James Thomason,® Nathan Tintle,® Will Trimble,? Daifeng Wang,” Doreen
Ware,® David Weston,> Andreas Wilke,? Fangfang Xia,? Shinjae Yoo,* Dantong Yu,* Robert
Cottingham,® Sergei Maslov,* Rick Stevens,? and Adam P. Arkin'

'Lawrence Berkeley National Laboratory, Berkeley, California; 2Argonne National Laboratory, Argonne,
llinois; *0ak Ridge National Laboratory, Oak Ridge, Tennessee; *Brookhaven National Laboratory,
Upton, New York; °Cold Spring Harbor Laboratory, Cold Spring Harbor, New York; 6Hope College,
Holland, Michigan; "Yale University, New Haven, Connecticut; 8Univers,ity of California at Davis, Davis,
California; 9Univers,ity of lllinois at Champaign-Urbana, Champaign, IIIinois;mUniversity of Maryland,
College Park, Maryland

Currently, there are several ways for researchers familiar with command-line computing environments
to use KBase's analysis tools and datasets. To serve the broader biological community, KBase is
developing a new graphical user interface called the Narrative interface.

The Narrative Interface, which is now operational as an alpha release (http://demo.kbase.us/), provides
a novel, more user-friendly way to access KBase's tools and datasets to tackle problems in systems
biology, while recording every step of the workflow and thereby capturing a researcher’s thought

process. Thedatasets, analyses, and thought processesunderlying the execution of these actionsare
captured in the form of an interactive,dynamic publication called a Narrative.Within each Narrative,
users can interleavetext and commentary with workflows, sothat hypotheses and conclusions can be

captured as well as raw results andprocedural notes. The Narrative, with thehelp of Workspaces,
maintains provenance and metadata for all data, thereby providing a virtual reference list for all
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Narratives. A sophisticated social framework will soon allow members of a research team to share,
execute, modify, and comment on Narratives at multiple levels of granularity enabled by KBase
infrastructure.

Intrinsically reproducible, Narratives will serve as a new type of publication by (1) explicitly capturing the
parameters associated with various algorithms, (2) clearly showing how users applied the algorithms to
selected datasets, and (3) transparently recording the process by which resulting output was used to
derive biological insight and conclusions. Users who access a Narrative that another researcher has
created and shared not only will be able to see a complete inventory of the data and algorithms
underlying a conclusion, they will be able to repeat the computational experiment with the push of a
button, even altering parameters to achieve different or improved results.

RNAseg-enabled expression quantitative trait locus (eQTL) mapping
in Populus

Jay Chen* (chenj@ornl.gov), Wellington Muchero, Xiaohan Yang, Priya Ranjan, and David
Weston

Biosciences Division, Oak Ridge National Laboratory, Oak Ridge, Tennessee

Fuels developed from lignocellulosic biomass offer a potential renewable and clean alternative to
conventional fossil-fuel-based energy sources. Populus is one of DOE’s “flagship” plant species that is of
special interest as a biofuel feedstock. Hybrids among different Populus species that specifically exploit
heterosis for enhanced productivity are widely used for biomass production. However, there are still
significant biological and technological barriers that need to be overcome in order to achieve cost-
effective, sustainable production and conversion systems for Populus biomass into biofuels. In
particular, plant cell wall recalcitrance poses tremendous challenges for Populus feedstock to become
economically competitive. Although a wealth of research has been directed towards modifying plant cell
walls by targeting specific genes involved in cell wall biosynthesis, it has become clear that the complex
biomass quantity and quality traits require the regulation and coordinated interactions of many genes.
Identifying such genes and genetic networks remains unaccomplished. This JGI Community Science
Program project aims to perform gene expression Quantitative Trait Locus (eQTL) analysis based on
RNAseq data from 400 biological samples representing 200 progeny derived from a Populus trichocarpa
x Populus deltoides pseudo-backcross pedigree. These individuals have been intensively characterized
for phenotypic traits related to cell wall chemistry, biomass productivity and sustainable biomass
production. These phenotypic data are complemented by fully resequenced parental genotypes of the
pedigree and an ultra-dense genetic map with 3,568 single nucleotide polymorphism markers with an
average marker distance of less than 0.75 cM. With the cumulative resources, we have identified large
effect QTLs related to cell wall chemistry and biomass productivity. However, molecular characterization
and functional validation of these QTLs have proven to be the major limiting factor. The resource
generated in this JGI CSP project will enable an unprecedented RNAseq-based eQTL analysis in Populus.
The resulting data will facilitate the rapid characterization of high-value QTLs already mapped in the
same pedigree and the identification of both genetic loci and genetic networks contributing to complex
phenotypic traits of biomass quality, overall productivity and cell wall chemistry. In the short term, this
project will provide novel knowledge to inform genetic improvement of Populus for cost-effective,
sustainable biomass production, a topic that has become increasingly important in research areas highly
relevant to DOE’s missions.
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String graph assembly for diploid genomes with long reads
Jason Chin*(jchin@pacificbiosciences.com), David Rank, Joseph Karalius, and Paul Peluso
Pacific Biosciences, Menlo Park, California

We use PacBio® data from whole-genome shotgun sequencing of multiple strains of Arabidopsis
thaliana to evaluate the feasibility of using a string graph to assemble diploid heterozygous genomes.
We first demonstrate the generation of high-quality assemblies (N50 ~ 4 Mbp) for inbred strains with a
string graph assembly method. Then, we perform a few computational experiments to understand the
properties of the string graph for polymorphic or heterozygous diploid genomes. Distinct diploid
structures in the string graph constructed with long reads are observed and a simple layout algorithm is
developed to resolve homologous copies from genomic repeats. This allows constructing long primary
contigs from a diploid heterozygous sample. The structural variations between the haplotypes can be
captured by constructing “associated contigs,” which represent alternative paths other than those of the
primary contigs in the string graph. A full set of structure variations (SVs) can be then categorized.
These SVs and the primary contigs can be used as the foundation for the downstream process of phasing
SVs and SNPs together for full reconstruction of the haplotype sequences. We successfully applied this
strategy to generate heterozygous diploid assemblies (N50 > 2 Mbp) and evaluate the correctness from
a data set of mixed inbredArabidopsis sequencing data. Finally, we propose a general bioinformatics
workflow for diploid assembly with long sequence reads.

MetaMaize: Aboveground maize-endophyte associations as
influenced by host genotype, climatic region, seed source, and tissue

type

Alice C.L. Churchill* (acc7@cornell.edu),’ Santiago X. Mideros,"® Peter Balint-Kurti,? Surya
Saha,'? Jenny B. Cornell,* and Rebecca J. Nelson'*

1Department of Plant Pathology and Plant-Microbe Biology, Cornell University, Ithaca, New York; ?USDA-
ARS Plant Science Research Institute, Department of Plant Pathology, North Carolina State University,
Raleigh, North Carolina; 3Boyce Thompson Institute for Plant Research, Ithaca, New York; 4Department
of Plant Breeding and Genetics, Cornell University, Ilthaca, New York; °Current address: BASF Plant
Science, Research Triangle Park, NC 27709

Several diseases affect maize production globally and regionally. The maize ear rot and stalk rot
pathogens are particularly important for their production of mycotoxins that adversely affect human
and livestock health, biomass yield, and quality of grain and biofuel feedstock. The MetaMaize project is
aimed at characterizing endophytic microbiota from aboveground tissues of a set of diverse, genetically
well-characterized maize lineages. We are using comprehensive microbiota survey approaches as a first
step to identify unique maize-associated endophytes that potentially can improve plant growth traits
and resistance to mycotoxin-producing fungi. Field-grown inbred lines are the source of tissues for
characterizing culturable and unculturable fungal and bacterial/archaeal endophyte communities. For
each of five lines, we planted seed sourced from two geographically distinct locations during the 2012
field season at two climatically distinct sites in the U.S., each with different disease and pest pressures -
NY with a temperate climate and NC with a subtropical climate. Kernels harvested from the 2012 sites
were the source of seeds planted in 2013 at the same locations. Asymptomatic tissues assayed over the
two field seasons were from kernels of the same source as those planted, adventitious roots, stems,
leaves, immature ears, and kernels produced after self-pollination. A total of 540 maize DNA samples
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will be submitted to JGI for PCR amplicon production and barcoding of fungal ITS and bacterial 16S rRNA
sequences. Maize DNA isolation for MiSeq sequencing by JGl is in progress. Twelve maize-associated
endophytic bacteria and six fungi will be targeted for genome sequencing, based on novelty of
taxonomy and/or biological activity. To date, three temperate and two tropical maize lines show
significant differences in diversity and number of culturable endophytes from asymptomatic tissues.
Generally, tropical lineages contain a greater diversity than temperate lines. Different tissue types
generally harbor phenotypically distinctly communities, suggesting tissue as a determinant of endophyte
habitat. Leaves are rich in fungi (often heavily pigmented) and bacteria; immature ears are deficient in
fungi, with bacteria isolated from only a subset of lines; more lightly pigmented fungi are prevalent in
kernels, especially those from NC, with bacteria rarely cultured from kernels to date. Identification of
cultured endophytes is in progress. The MetaMaize project will allow us to begin to evaluate genetic and
environmental factors effecting the composition and complexity of endophyte communities in
aboveground tissues of diverse maize lines. It is the basis for future studies to understand whether
beneficial endophytic microbes are maize generalists or genotype-specific, if they are heritable, and, if
so, which maize loci contribute to endophyte heritability.

Single cell genomics and transcriptomics for unicellular Eukaryotes

Doina Ciobanu*(dgciobanu@Ibl.gov)," Alicia Clum,’ Vasanth Singan,’ Asaf Salamov,’ James
Han,! Alex Copeland," Igor Grigoriev,' Timothy James,? Steven Singer,® Tanja Woyke,' Rex
Malmstrom," and Jan-Fang Cheng®

'DOE Joint Genome Institute, Walnut Creek, California; 2University of Michigan, Ann Arbor, Michigan;
*Joint BioEnergy Institute, Emeryville, California

Despite their small size, unicellular eukaryotes have complex genomes with a high degree of plasticity
that allow them to adapt quickly to environmental changes. Unicellular eukaryotes live with prokaryotes
and higher eukaryotes, frequently in symbiotic or parasitic niches. To this day their contribution to the
dynamics of the environmental communities remains to be understood. Unfortunately, the vast majority
of eukaryotic microorganisms are either uncultured or unculturable, making genome sequencing
impossible using traditional approaches. We have developed an approach to isolate unicellular
eukaryotes of interest from environmental samples, and to sequence and analyze their genomes and
transcriptomes. We have tested our methods with six species: an uncharacterized protist from cellulose-
enriched compost identified as Platyophrya, a close relative of P. vorax; the fungus Metschnikowia
bicuspidate, a parasite of water flea Daphnia; the mycoparasitic fungi Piptocephalis cylindrospora, a
parasite of Cokeromyces and Mucor; Caulochytrium protosteloides, a parasite of Sordaria; Rozella
allomycis, a parasite of the water mold Allomyces; and the microalgae Chlamydomonas reinhardltii.
Here, we present the four components of our approach: pre-sequencing methods, sequence analysis for
single cell genome assembly, sequence analysis of single cell transcriptomes, and genome annotation.
This technology has the potential to uncover the complexity of single cell eukaryotes and their role in
the environmental samples.
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Exploring Arabidopsis thaliana endophytes via single-cell genomics

Scott Clingenpeel* (srclingenpeel@lbl.gov)', Derek Lundberg? Tanja Woyke', Susannah
Tringe', and Jeff Dangl?

'DOE Joint Genome Institute, Walnut Creek, California; 2University of North Carolina at Chapel Hill,
Chapel Hill, North Carolina

Land plants grow in association with microbial communities both on their surfaces and inside the plant
(endophytes). The relationships between microbes and their host can vary from pathogenic to
mutualistic. Colonization of the endophyte compartment occurs in the presence of a sophisticated plant
immune system, suggesting finely tuned discrimination of pathogens from mutualists and commensals.
Despite the importance of the microbiome to the plant, relatively little is known about the specific
interactions between plants and microbes, especially in the case of endophytes. The vast majority of
microbes have not been grown in the lab, and thus one of the few ways of studying them is by
examining their DNA. Although metagenomics is a powerful tool for examining microbial communities,
its application to endophyte samples is technically difficult due to the presence of large amounts of host
plant DNA in the sample. One method to address these difficulties is single-cell genomics where a single
microbial cell is isolated from a sample, lysed, and its genome amplified by multiple displacement
amplification (MDA) to produce enough DNA for genome sequencing. We have applied this technology
to study the endophytic microbes in Arabidopsis thaliana roots. Extensive 16S gene profiling of the
microbial communities in the roots of multiple inbred A. thaliana strains has identified 164 OTUs as
being significantly enriched in all the root endophyte samples compared to their presence in bulk soil.
Approximately 14,000 single microbial cells were isolated from these samples and ~500 of these were
identified as being members of the enriched OTUs. The genomes of 131 of these single cells,
representing 29 of the target OTUs, have been sequenced. Due to amplification bias, the genomes
obtained from single-cell technology are incomplete. The genomes recovered for this project have an
estimated completeness of 2 —99%. Since the amplification bias occurs in random locations, combining
multiple single-cell genomes from the same OTU can produce more complete genomes. Thus, 99 single-
cell genomes were coassembled into 22 combined assemblies. The single-cell genomes obtained from
this project along with genomes of cultured isolates from the same samples are being compared to
those from close relatives that are not plant-associated to identify genes that are likely involved in the
plant-microbe interaction.

Characterization of cyanobacterial hydrocarbon composition and
distribution of biosynthetic pathways

R. Cameron Coates* (rccoates@ucsd.edu),’ Sheila Podell," Anton Korobeynikov,** Alla
Lapidus,®*® Pavel Pevzner,*® David H. Sherman,’ Eric E. Allen,’ Lena Gerwick,' and William H.
Gerwick?

'Center for Marine Biotechnology and Biomedicine, Scripps Institution of Oceanography, University of
California at San Diego, La Jolla, California; 2Skaggs School of Pharmacy and Pharmaceutical Sciences,
University of California at San Diego, La Jolla, California; 3Algorithmic Biology Laboratory, St. Petersburg
Academic University, Russian Academy of Sciences, St. Petersburg, Russia; 4Department of
Mathematics and Mechanics, St. Petersburg State University, St. Petersburg, Russia; *Theodosius
Dobzhansky Center for Genome Bionformatics, St. Petersburg State University, St. Petersburg, Russia;
6Department of Computer Science and Engineering, University of California at San Diego, La Jolla,
California; "Life Sciences Institute and Department of Medical Chemistry, University of Michigan, Ann
Arbor, Michigan
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Cyanobacteria possess the unique capacity to naturally produce hydrocarbons from fatty acids.
Hydrocarbon compositions of thirty-two strains of cyanobacteria were characterized to reveal novel
structural features and insights into hydrocarbon biosynthesis in cyanobacteria. This investigation
revealed new double bond (2- and 3-heptadecene) and methyl group positions (3-, 4- and 5-
methylheptadecane) for a variety of strains. Additionally, results from this study and literature reports
indicate that hydrocarbon production is a universal phenomenon in cyanobacteria. All cyanobacteria
possess the capacity to produce hydrocarbons from fatty acids yet not all accomplish this through the
same metabolic pathway. One pathway comprises a two-step conversion of fatty acids first to fatty
aldehydes and then alkanes that involves a fatty acyl ACP reductase (FAAR) and aldehyde deformylating
oxygenase (ADO). The second involves a polyketide synthase (PKS) pathway that first elongates the acyl
chain followed by decarboxylation to produce a terminal alkene (olefin synthase, OLS). Sixty-one strains
possessing the FAAR/ADO pathway and twelve strains possessing the OLS pathway were newly
identified through bioinformatic analyses. Strains possessing the OLS pathway formed a cohesive
phylogenetic clade with the exception of three Moorea strains and Leptolyngbya sp. PCC 6406 which
may have acquired the OLS pathway via horizontal gene transfer. Hydrocarbon pathways were
identified in one-hundred-forty-two strains of cyanobacteria over a broad phylogenetic range and there
were no instances where both the FAAR/ADO and the OLS pathways were found together in the same
genome, suggesting an unknown selective pressure maintains one or the other pathway, but not both.

Connecting organismal physiology to community structure in
assembling phototrophic communities

Jessica K. Cole, Janine R. Hutchison, William C. Nelson, Margie F. Romine, Ryan S. Renslow,
William B. Chrisler, L. Meng Markillie, Ronald C. Taylor, H. Steven Wiley, James K. Fredrickson,
and Stephen R. Lindemann* (stephen.lindemann@pnnl.gov)

Pacific Northwest National Laboratory, Richland, Washington
PNNL Foundational Scientific Focus Area

Microbial mats are compact ecosystems composed of highly interactive organisms in which complete
energy and element cycles occur. Because these communities frequently experience significant
environmental variation over both short (e.g., diel) and long (e.g., seasonal) time scales, they must be
resistant to environmental change and resilient after perturbation. We hypothesize that these higher-
order community properties emerge in microbial communities in predictable ways and arise from the
interspecies interactions operating between members.

Hot Lake is a hypersaline lake that seasonally harbors a phototrophic mat that assembles each spring
and disassembles each fall. The mat is subject to greater than tenfold variation in salinity (primarily Mg**
and SO,%) and irradiation over the annual cycle. Despite this extreme environmental variation, the
composition of the mat community exhibited relative stability in its key autotrophic and heterotrophic
membership throughout 2011. By mid-autumn the mat began to disassemble, with mat community
richness and evenness declining precipitously under conditions of increasing salinity and decreasing
irradiance and temperature. However, few OTUs displayed a pattern of variation that correlated with
salt concentrations; changes in mat community structure were driven more strongly by variation in light
availability (energy input) than by salinity.

Elucidation of the principles governing interspecies interactions in natural systems is challenging
because of their diversity, complexity and intractability to in situ manipulation. Therefore, we isolated
four filamentous cyanobacteria and their co-isolated heterotrophic consorts from the Hot Lake mat, in
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two of which studies of primary succession were conducted. Both unicyanobacterial consortia retained
essentially the same suite of ~20 heterotrophic species after sequential passage, representing ten of the
forty most-abundant OTUs within the mat community. The abundances of heterotrophic species
exhibited substantial differences depending upon which cyanobacterium served as primary producer.
Gammaproteobacterial members were initially abundant in consortium UCC-O but dropped
precipitously over the month-long growth period. The most abundant heterotroph at the beginning of
this period, Idiomarinaceae sp. HL-53, was succeeded by two species of Bacteroidetes and one
Rhizobiales sp. as dominant heterotrophs. Transcriptional analysis of the UCC-O consortium revealed
significant changes in the gene regulatory patterns of HL-53 compared with other consortium members,
which were suggestive of nutrient stress midway through the growth period and transitions in flagellum
and transporter expression.

Future genome-enabled studies will involve an iterative field-lab approach in which observations of the
mat exposed to natural variation in the field are paired with laboratory-based environmental
perturbation studies of consortia. These studies will employ integrated global molecular techniques
(e.g., transcriptomics, proteomics, and metabolomics) to define the niches occupied by members and
detect interactions between members that may contribute to a community’s higher-order properties.

Amplicon, genomic and metagenomic sequencing were provided for this study by JGl under CSP 701.

Creating a multi-functional library of grass transcription factors for
the energy crop model system Brachypodium distachyon

Joshua H. Coomey* (jcoomey@cns.umass.edu)', John Gierer?, Samuel Deutsch®, Steven A.
Kay*, Todd C. Mockler?, and Samuel P. Hazen'

1University of Massachusetts Amherst; “Donald Danforth Plant Science Center, St. Louis; °DOE Joint
Genome Institute, Walnut Creek, California; 4University of Southern California, Los Angeles, California

Project Goals: The overall goal of this project is to develop BradiTORFL, a comprehensive Brachypodium
distachyon Transcription Factor ORF Library.

Comprehensive collections of full-length transcription factor cDNAs (fl-cDNA) have proven to be an
extraordinary reagent for advanced research systems such as human, Caenorhabditis elegans,
Drosophila melanogaster, and Arabidopsis thaliana. One of the seven DOE-JGI Flagship Plant Genome
species, Brachypodium distachyon, is a model for potential energy crops such as switchgrass, sorghum,
and Miscanthus, as well as for the cereal crops that constitute a large part of the world’s diet. We are
constructing a complete grass transcription factor collection in an entry vector that will be of value for
numerous functional studies. To accelerate reagent development we have included gene synthesis as a
technique to capture fl-cDNAs. From expression profile data we identified high priority candidates for
the regulation of biofuel feedstock traits, such as growth, cell wall biogenesis, and abiotic stress
tolerance. The DOE-JGI synthesized 143 unique transcription factors from families that include bHLH,
bZIP, CCAAT, GRAS, Homeodomain, HSF, MADS box, MYB, NAM, WRKY, and several classes of zinc
fingers. Specific subfamilies include putative Aux/IAA-ARF auxin response factors, bHLH factors and G-
box binding proteins implicated in light signaling, CBF-like genes with predicted abiotic stress response
function, ethylene-associated factors, MYBs and CCT domain genes predicted to function in cell wall,
circadian clock, and light signaling. Including these candidates in BradiTORFL will significantly enhance
our ability to build regulatory models of gene expression and function. The collection will be transferred
into multiple destination vectors for downstream applications including protein-DNA and protein-
protein interaction platforms in yeast. Genes that yield positive interactions can then be shuttled from
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their pENTR vector to a variety of other constructs for continued study, including expression in planta to
further characterize their functions. We are presently evaluating B. distachyon protein-DNA interactions
in yeast using two approaches. The first is “gene-centric” where a promoter is tested for interactions
with all transcription factor proteins in the library. The second approach, developed by the Mockler Lab,
is a “protein-centric” interrogation of each transcription factor’s capacity to interact with a collection of
768 synthetic 250 bp promoters. These synthetic promoters maximize potential binding motif sequence
diversity with all possible 8 nt DNA motifs occurring in at least 4 independent promoters. Proof-of-
concept experiments demonstrate the utility of this approach and we are currently expanding the
analyses to infer the binding specificities of all the transcription factors synthesized by DOE-JGI in this
project.

This work was supported by the Office of Science, Office of Biological and Environmental Research of the
U.S. Department of Energy grant DE-SC0006621 and the Joint Genome Institute Community Sequencing
Program grants CSP-667 and CSP-1431.

Molecular dissection of amylolysis in Fusarium verticillioides
John C. Crandon*, John R. Ridenour, and Burt H. Bluhm (bbluhm@uark.edu)
Department of Plant Pathology, University of Arkansas, Division of Agriculture, Fayetteville, Arkansas

Maize is a globally important crop that serves as a food staple throughout the world. Fusarium ear rot,
caused by Fusarium verticillioides, is a devastating maize disease due to the accumulation of fumonisins
within infected kernels. Fumonisins are polyketide-derived mycotoxins associated with various
mycotoxicoses of humans and livestock. Although previous work has established a link between starch
metabolism and fumonisin biosynthesis in F. verticillioides, little is known about the mechanisms
underlying starch sensing or the genetic regulation of amylolysis within infected maize kernels. A
combination of forward and reverse genetic approaches is being applied to dissect the molecular
mechanisms of starch sensing and metabolism in F. verticillioides. The forward genetic component
utilizes random insertional mutagenesis to identify novel genes involved in amylolysis. Two separate
forward genetic screening methods have been utilized to assess virulence in insertional mutants: a live
ear assay has identified mutants impaired in kernel colonization, while a cracked kernel assay is being
utilized to quantify amylolysis and fumonisin biosynthesis. A preliminary live ear screen of 490
insertional mutants identified 36 strains displaying reduced kernel colonization. The reverse genetic
component consists of targeted deletion of six candidate regulatory genes to dissect signal transduction
pathways involved in amylolysis. Targeted deletion mutants are being evaluated for impaired starch
hydrolysis, abnormalities in growth and development, and impaired fumonisin biosynthesis. The
combination of forward and reverse genetic approaches will provide new insight into amylolysis and
kernel colonization in F. verticillioides. An improved understanding of these processes will lead to a new
working model explaining kernel colonization and the genetic linkage between starch metabolism and
fumonisin biosynthesis.
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Defining the functional diversity of the Populus root microbiome

W.N. Cude,' T-Y.S. Lu," M.S. Robeson II,' Z.K. Yang," C. Timm," D.J. Weston," S.L. Allman,’
M. Podar,' C.W. Schadt,’ C.S. Harwood,? A.L. Schaefer,? Y. Oda,? J. Morrell-Falvey,’ A. Bible,’
D.W. Ussery,' G.A. Tuskan," M.J. Doktycz,' and D.A. Pelletier* (pelletierda@ornl.gov)’

'Biosciences Division, Oak Ridge National Laboratory, Oak Ridge, Tennessee; “Department of
Microbiology, University of Washington, Seattle, Washington

The beneficial association between plants and microbes exemplifies a complex system shaped by the
participating organisms and environmental forces acting upon it. Populus are leading biomass woody
species that host a variety of microorganisms within their endosphere and rhizosphere that influence
host phenotypes. Therefore, Populus and its associated microbial community are being studied as part
of our Plant-Microbe Interfaces project (http://pmi.ornl.gov).

Our goal is to understand the phylogenetic and functional diversity within the Populus microbiome and
to elucidate metabolic and molecular mechanisms responsible for shaping the Populus-microbial
interface. To detangle this complex ecosystem, we have applied cultivation dependent and cultivation
independent techniques to capture and characterize the Populus root microbiome. We have isolated
and begun to characterize approximately 3000 bacterial strains belonging to >427 OTUs from Populus
rhizosphere and endosphere compartments. We have successfully sequenced the genomes of 43 of
these strains. With this JGI-CSP project we are currently sequencing the genomes of an additional 400
phylogenetically and functionally diverse isolates. We are concurrently utilizing select Populus-derived
isolates chosen based on phenotypic screens and genomic inventory data to dissect the signaling
pathways (specifically cyclic-di-GMP and quorum sensing) involved in plant-microbe interactions using
directed analytical approaches in laboratory based experiments. This is being completed in order to
determine molecular mechanisms of host signaling and colonization.

Additionally, metagenomic sequencing of native root endosphere communities will provide insight into
functions enriched in this compartment. Microbial metagenomes have been difficult to obtain from
Populus root tissues due to low microbial biomass relative to plant biomass, metagenomes, have
historically been difficult to obtain from Populus root tissues. We are developing a method of enriching
endophytes from Populus root homogenates for isolation and metagenomic investigation to address
these issues. Endophytic bacterial communities were enriched using differential and density gradient
centrifugation. Total DNA was extracted from enriched and unenriched samples and the endophytic
bacterial community composition was determined by 16S rDNA sequencing. The enrichment protocol
reduced the number of contaminating chloroplast DNA reads by approximately 10X while having only
minor effects on bacterial community diversity and abundance. Additionally we applied flow-cytometry
to bacterial endosphere-enriched samples for isolation of single cells for subsequent genomics and
potential growth of as yet uncultivated Populus associates. The ability to perform single-cell multi-omic
analyses will allow for in-depth characterization of un-cultured or rare endophytic bacteria residing
within the natural root system of Populus. This joint endeavor with the JGI will provide additional
genomic insights into the ways in which these beneficial plant-microbe interactions might occur.
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ETOP Project: Development and implementation of high throughput
methods for fungal culturing and nucleic acid isolation

David Culley’, Beth Hofstad", Mark Butcher', James Collett’, Igor Grigoriev?, and Jon
Magnuson* (Jon.Magnuson@pnnl.gov)’

'Pacific Northwest National Laboratory, Richland, Washington; ’DOE Joint Genome Institute, Walnut
Creek, Califorenia

As part of the Emerging Technologies Opportunity Program (ETOP; www.jgi.doe.gov/programs/ETOP/)
at the Joint Genome Institute, we are developing high throughput methods for culturing fungi and
isolating quality DNA and RNA. This ETOP project will also support the goals of the 1000 Fungal
Genomes Project (genome.jgi.doe.gov/programs/fungi/1000fungalgenomes.jsf) by providing DNA and
RNA for sequencing the diverse fungi represented in this whole Kingdom sequencing project. The ETOP
project has three aspects. 1. Method development for high throughput fungal culturing: culturing
filamentous fungi in a flexible and efficient microtiter plate format to rapidly obtain phenotypic growth
data, optimize culture conditions for gDNA isolation, and provide information rich samples from a wide
variety of culture conditions for mRNA sequencing to support genome annotation. 2. Method
development for high throughput nucleic acid isolation: lysing fungi and extracting DNA and RNA of high
quality and quantity suitable for downstream sequencing and analysis at JGI. 3. Fungal nucleic acid
delivery: delivering DNA and RNA and associated growth data from 145 fungi to JGI. Progress from the
first half-year of this project has mainly been in the area of fungal culturing and growth monitoring. This
has been done in 24 well standard footprint plates using the resorufrin/resazurin growth reporting
reagent on an array of media types representing different carbon and nitrogen sources. Initial
extractions of RNA have shown it to be of high quality. Future directions will be in the area of higher
quality DNA and higher efficiency in streamlining the process, but the method development aspect of
the project is quickly maturing. In the remainder of this two year project, DNA/RNA isolation will
become the dominant focus and we will likely experience new challenges in growing very diverse fungi
from different phyla and isolating the nucleic acids for sequencing.

Analysis of microbes

Paramvir Dehal* (pdehal@Ibl.gov)," Chris Henry,” Jason Baumohl," Aaron Best," Jared
Bischof,”> Ben Bowen,' Tom Brettin,? Tom Brown,? Shane Canon," Stephen Chan,' John-Marc
Chandonia,' Dylan Chivian, Ric Colasanti,” Neal Conrad,? Brian Davison,? Matt DeJongh,®
Paramvir Dehal,’ Narayan Desai, Scott Devoid,? Terry Disz,> Meghan Drake,® Janaka
Edirisinghe,? Gang Fang,’ José Pedro Lopes Faria,” Mark Gerstein,” Elizabeth M. Glass,?
Annette Greiner,' Dan Gunter,' James Gurtowski,® Nomi Harris," Travis Harrison,? Fei He,* Matt
Henderson,' Chris Henry,? Adina Howe,? Marcin Joachimiak,' Kevin Keegan,? Keith Keller,’
Guruprasad Kora,® Sunita Kumari,® Miriam Land,® Folker Meyer,? Steve Moulton,® Pavel
Novichkov," Taeyun Oh,? Gary Olsen,’ Bob Olson,? Dan Olson,? Ross Overbeek,? Tobias
Paczian,? Bruce Parrello,? Shiran Pasternak,® Sarah Poon,' Gavin Price," Srivdya
Ramakrishnan,® Priya Ranjan,? Bill Riehl," Pamela Ronald,® Michael Schatz,® Lynn Schrim
Sam Seaver,? Michael W. Sneddon,’ Roman Sutormin,’ Mustafa Syed,? James Thomason,’
Nathan Tintle,’ Will Trimble,? Daifeng Wang,” Doreen Ware,® David Weston,® Andreas Wilke,?
Fangfang Xia,? Shinjae Yoo, Dantong Yu,* Robert Cottingham,® Sergei Maslov,* Rick Stevens,?
and Adam P. Arkin'
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'Lawrence Berkeley National Laboratory, Berkeley, California; 2Argonne National Laboratory, Argonne,
llinois; *0ak Ridge National Laboratory, Oak Ridge, Tennessee; *Brookhaven National Laboratory,
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Upton, New York; °Cold Spring Harbor Laboratory, Cold Spring Harbor, New York; 6Hope College,
Holland, Michigan; "Yale University, New Haven, Connecticut; 8University of California at Davis, Davis,
California; 9University of lllinois at Champaign-Urbana, Champaign, lllinois; 10University of Maryland,
College Park, Maryland

The Microbial Sciences component of the KBase project has three overall goals: 1) to enable the
generation of predictive models for metabolism and gene regulation to facilitate the manipulation of
microbial function; 2) to vastly increase the capability of the scientific community to communicate and
utilize existing data; and 3) to enable the planning of effective experiments and to maximize our
understanding of microbial system functions. To achieve these goals we have focused on unifying
existing ‘omics datasets and modeling toolsets within a single integrated framework that will enable
users to move seamlessly from the genome assembly and annotation process through to a reconciled
metabolic and regulatory model that is linked to all existing experimental data for a particular organism.
The results are hypotheses for such things as gene-function matching and the use of comparative
functional genomics to perform higher quality evidence-based annotations. KBase offers tools for
reconciling the models against experimental growth phenotype data, and using them to predict
phenotypes in novel environments or under genetic perturbations.

To prioritize the development of the microbial science area and enable new science, we are focusing on
developing prototype analysis workflows that will be most useful to microbial scientists. To date we
have developed KBase capabilities and demonstrations workflows for: (1) genome annotation and
metabolic reconstruction, (2) regulon reconstruction, (3) metabolic and regulatory model
reconstruction, and (4) reconciliation with experimental phenotype and expression data.

Phylogeny and physiological potential of the candidate phylum
"Atribacteria” inferred from single-cell genomes and binned
metagenomes

Jeremy A. Dodsworth* (jeremy.dodsworth@unlv.edu),’ Nobu Masaru,? Senthil K.
Murugapiran, Christian Rinke,® Patrick Schwientek,® Esther A. Gies,* Gordon Webster,® Peter
Kille,” Andrew Weightman,®> Wen-Tso Liu,2 Steven J. Hallam,* George Tsiamis,® Tanja Woyke,?
and Brian P. Hedlund'

1University of Nevada, Las Vegas, Nevada; 2University of lllinois, Champaign-Urbana, lllinois; *DOE Joint
Genome Institute, Walnut Creek, California; 4University of British Colombia, Vancouver, BC, Canada;
*Cardiff University, Cardiff, United Kingdom; 6University of Patras, Agrinio, Greece

The "Atribacteria" is a candidate phylum in the Bacteria recently proposed to include members of the
JS1 and OP9 lineages. JS1 and OP9 are globally distributed, and in some cases abundant, in anaerobic
marine waters and sediments as well as geothermal environments, petroleum reservoirs, and anaerobic
digestors/reactors. However, the monophyly of JS1 and OP9 has been questioned and their physiology
and ecology remain enigmatic due to a lack of cultivated representatives. Here we use recently
published and newly obtained OP9 and JS1 single-cell genomes to define bins corresponding to these
lineages in metagenomes from several environments, including biofilm from a terephthalate-degrading
reactor and anaerobic, sulfidic waters of Sakinaw Lake. Multiple binning techniques were employed and
the resulting bins were compared to assess the robustness of each technique. The single-cell genomes
and metagenome bins represent two major lineages within OP9 and at least four lineages within JS1.
Phylogenomic analyses of these combined datasets confirm the monophyly of the "Atribacteria"
inclusive of OP9 and JS1. Based on comparison of metabolic potential inferred from these datasets,
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members of the "Atribacteria" appear to be heterotrophic anaerobes that lack respiratory capacity.
Identification and analysis of conserved genes, including a bacterial microcompartments gene cluster,
suggest potential roles in catabolism of carbohydrates that are common to members of the
"Atribacteria".

Deciphering the lexicon of cis-regulatory elements in the
spatiotemporal control of gene expression in plants

Shahram Emami* (shahrame@stanford.edu), Rui Wu, Muh-ching Yee, and José R. Dinneny
Carnegie Institution for Science, Department of Plant Biology, Stanford, California

We seek to gain a systematic understanding of the role that cis-regulatory elements (CREs) play in
orchestrating the regulation of spatiotemporal gene expression in the Arabidopsis root tissue. We have
assembled a pipeline for discovery and validation of CREs and their corresponding network of
transcription factors (TFs) using bioinformatics, synthetic biology and genomics tools and the existing
high-resolution root expression data. Based on the data gathered, a computational predictive model of
the effects of the validated CREs on the gene expression will be generated, which will: 1) advance our
understanding of the mechanisms controlling gene expression in multicellular organisms 2) be used to
generate synthetic promoters inducing gene expression to suit a particular application.

Multi-dimensional study of microbial community behavior using
nanoDESI mass spectrometry, SIMS and fluorescence microscopy

Yigang Fang* (yigangfang@Ibl.gov)," Manfred Auer,” James Berleman,” Marcin Zemla,” Megan
Danielewicz,” Trent Northen,” and Musahid Ahmed'

'Chemical Sciences Division, “Life Sciences Division, Lawrence Berkeley National Laboratory, Berkeley,
California

Territorial disputes between bacterial species are common in most habitats, and are of great interest to
a large number of energy-relevant topics such as bioremediation, carbon cycling and lignocellulose
degradation. Here we study model microbial community structure and metabolism (Myxococcus
xanthus and Bacillus subtilis) to investigate how and why a community responds to an external threat in
a localized, regional or global manner. A high throughput workflow is being developed, by which multi-
dimensional information can be acquired from a single sample. This includes Nanospray Desorption
Electrospray lonization (nanoDESI) mass spectrometry, secondary ion mass spectrometry (SIMS), and
fluorescence microscopy. Data obtained from different techniques will be pipelined to the super
computer center for computational analysis and mathematical modeling.

We have developed the novel techniques of correlative ambient environment nanoDESI ion and
fluorescence microscopy imaging. These are automated using LabVIEW programs dedicated written for
this purpose. The sample is examined under a fluorescence microscope to acquire optical and
fluorescence images. Then it is transferred to a XYZ linear stage to obtain nanoDESI/MS images.
Acquired data is pipelined to the super computer center for data processing and mathematical
modeling. Results can be accessed via a web-browser based user interface for data demonstration and
visualization. Multidimensional images can be stacked on the basis of a standard marker, and images for
each species can be extracted and presented individually. Comparison between mass spec and
optical/fluorescence images facilitates results elucidation and explanation, providing valuable insights of
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mechanisms for microbial colonies. We have identified mass signatures specific for M. xanthus DZ2 and
B. subtilis 3610 using SIMS and nanoDESI/MS. Time-dependent imaging is underway for studying kinetics
of colonies.

Ligninolytic peroxidases in the oyster mushroom genome: Differential
regulation in lignocellulose medium

Elena Fernandez-Fueyo,' Raul Castanera,? José M. Barrasa,’ Francisco J. Ruiz-Duefias,’
Maria F. Lopez-Lucendo,’ Lucia Ramirez,? Antonio G. Pisabarro,? and Angel T. Martinez*
(ATMartinez@cib.csic.es)’

'CIB, CSIC, Madrid, Spain; 2Department of Agrarian Production, UPN, Pamplona, Spain

Pleurotus ostreatus is an important edible mushroom and a model lignin degrading organism, whose
genome contains nine genes of ligninolytic peroxidases, characteristic of white-rot fungi. These genes
encode six manganese peroxidase (MnP) and three versatile peroxidase (VP) isoenzymes that differ in
their catalytic and stability properties. Using liquid chromatography coupled to tandem mass
spectrometry, secretion of four of these peroxidase isoenzymes (VP1, VP2, MnP2 and MnP6) was
confirmed when P. ostreatus grows in a lignocellulose medium (pH 5.5) at 25 2C (three more were
identified by only one unique peptide). Then, the effect of environmental parameters on the expression
of the above nine genes was studied by reverse transcription-quantitative PCR (RT-qPCR) by changing
the incubation temperature and medium pH of the P. ostreatus cultures pre-grown under the above
conditions (using two reference genes for normalization of the RT-qPCR results). The cultures
maintained at 25 2C provided the highest levels of peroxidase transcripts and the highest total activity
on Mn?* (a substrate of both MnP and VP) and Reactive Black 5 (a VP specific substrate). After global
analysis of the expression patterns, peroxidase genes were divided into three main groups according to
the level of expression at optimal conditions (vp1/mnp3 > vp2/vp3/mnpl/mnp2/mnp6 > mnp4/mnpb5).
Adjusting the culture pH to acidic or alkaline conditions (pH 3 and 8) or decreasing/increasing the
incubation temperature (to 10 2C/37 2C) led to downregulation of most of the peroxidase genes (and
decrease of the enzymatic activity) in most of the cases. The analysis also reveals differences in the
transcription levels of the peroxidase genes when the culture temperature and pH parameters were
changed, suggesting a possible adaptive expression according to environmental conditions. pH
modification produced more dramatic effects than temperature modification, with vp expression
resulting more affected than mnp expression. While mnp3 was the less affected gene under
temperature modified conditions, mnp4 and mnp5 were the only peroxidase genes being slightly
upregulated under alkaline pH conditions.

Ligninolytic peroxidases in the oyster mushroom genome: Molecular
structure, catalytic/stability properties and lignin-degrading ability

Elena Fernandez-Fueyo,' Francisco J. Ruiz-Duefias,' Maria Jests Martinez," Antonio
Romero,' Kenneth E. Hammel,? Francisco Javier Medrano,’ and Angel T. Martinez*
(ATMartinez@cib.csic.es)’

'CIB, CSIC, Madrid, Spain; *Forest Products Laboratory, USDA, Madison, Wisconsin

The genome of Pleurotus ostreatus has been completed, as an important edible mushroom and as a
model lignin-degrading organism. Heterologous expression of the nine class-Il peroxidase genes,
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followed by kinetic studies, confirmed the preliminary structural-functional classification for all but one
of them. The resulting inventory revealed the presence of three versatile peroxidases (VPs) and six
manganese peroxidases (MnPs), two of which were solved at 1.0-1.1 A, and the absence of lignin
peroxidases (LiPs). Gene number expansion supports the importance of both peroxidase types in the
white-rot life-style of this fungus. Using **C-labeled model dimer and synthetic lignin we showed that P.
ostreatus VP is able to degrade lignin. Moreover, the dual Mn-mediated and Mn-independent activity of
P. ostreatus MnPs justifies their inclusion in a new peroxidase subfamily, with a role oxidizing phenolic
degradation products. The availability of the whole POD repertoire enabled to investigate the existence
of duplicated genes at a biochemical level. Interestingly, the isoenzymes not only differ in kinetic
constants. Comparison of temperature and pH stabilities revealed surprising differences in activity Tsg
(43-63 9C, after 10 min at pH 5), and residual activity at both acidic (0-96% after 4 h at pH 3) and alkaline
pH (0-57% after 4 h at pH 9). Crystal structures and homology models, together with CD and UV-visible
spectroscopy results, explained some of the stability differences, including the highest B-turn proline
numbers in thermostable VP1, and the tightly-coordinated structural Ca*" ions and number of exposed
lysines in MnP4 being stable at both acidic and alkaline pH. The analysis of P. ostreatus genome reveals a
lignin-degrading system where the role generally played by LiP has been assumed by VP. Moreover, it
enabled the first comprehensive characterization of peroxidase isoenzymes in a basidiomycete,
providing some clues on the high stability properties of some of them.

High-density linkage map of lowland P. virgatum (switchgrass) using
single nucleotide polymorphisms from a reduced representation
library

Fiedler, J.* (Jason fiedler@ars.usda.gov)," Lanzatella, C.," Okada, M., Jenkins, J.,> Schmutz,
J.,> and Tobias, C.

1USDA—AgricuIturaI Research Service, Albany, California; 2University of California at Davis, Davis,
California; 3HudsonAIpha Institute of Biotechnology, Huntsville, Alabama

Switchgrass is an allotetraploid C4 warm-season perennial grass with great potential as a dedicated
bioenergy crop in the United States. However, the lack of genomic resources has inhibited the
development of plant lines with optimal characteristics for sustainable feedstock production. We
established a mapping population from a cross between two high-yielding lowland cultivars (i.e. Alamo
A4 and Kanlow K5). We generated reduced representation libraries of 234 individuals and sequenced
barcoded libraries on the lllumina Hi-Seq and My-Seq platforms. Approximately 150,000 single
nucleotide polymorphisms (SNPs) were identified and 5,532 remained after filtering out SNPs with low-
guality and abundant missing genotypes. SNP markers were integrated with previously reported
microsatellite markers to produce 18 linkage groups of both parents via a pseudo-test cross strategy.
Linkage maps generated from the linkage groups have high -marker density and agree with previously
reported maps. The early release draft genome assembly of switchgrass (v1.1) is anchored to linkage
maps resulting from analysis of an Alamo AP13 and an upland cultivar (Summer VS16) mapping
population. Alignment A4xK5 linkage maps with the draft genome assembly results in collinearity and
provides an independent metric of map and assembly quality. This methodology has proven to be a
rapid and cost effective way to generate high quality linkage maps of heterozygous parents.
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Identification of a multicopper oxidase from the microbial community
of the Red Sea Atlantis-ll brine pool

Mohamed A. Ghazy* (mghazy@aucegypt.edu), Mohamed Maged, and Ahmed Sayed
Department of Biology, The American University in Cairo, New Cairo, Egypt

Red Sea harbors a number of deep-sea brine pools with diverse chemical, physical, and geological
conditions. The Atlantis Il Brine Pool, is unique to the Red Sea, the deepest part of Atlantis Il Brine Pool -
the Lower Convective Layer (LCL) — is 2200 meters below the sea surface with an area of about 60km?. It
is characterized by extreme conditions, 26% salinity, temperature of about 68°C, low pH, it is almost
anoxic, and contains a very high concentration of heavy metals. Microbial communities inhabiting this
harsh environment are expected to have enzymes and proteins that are catalytically adapted to such
extreme conditions. This work focused on identifying, isolating and characterizing extremophilic metal
detoxifying enzymes and bioremediation catalysts such as multicopper oxidases from such environment,
which is important group of enzymes with a broad range of biotechnological applications. They have a
variety of applications in polymer synthesis, dye-bleaching in textiles and more importantly
bioremediation. Toward this goal, and in collaboration with King Abdullah University for Science and
Technology (KAUST), water samples from this environment was collected, DNA of the microbial
community trapped on different size filters was isolated efficiently followed by direct 454-
pyrosequencing.

We generated an ATII-LCL metagenomic dataset in our laboratory, the dataset composed of 4,104,966
454-pyrosequencing reads, assembled in 40,693 contigs. We mined the ATII-LCL metagenomic dataset
for Multicopper oxidase (MCO) sequences, and a small MCO database was constructed using the
predicted sequences. BLASTX analysis was performed on the predicted MCO sequences against the NCBI
nr database. Based on the BLASTX results, positive MCO sequences were further analyzed to recognize
the signal peptide and the regulatory elements. One full-length sequence was selected and PCR primers
were designed to isolate the gene from the LCL genomic DNA. The gene was successfully isolated and
the candidate MCO enzymes will be subjected to several biochemical analysis under several salt
concentrations and temperatures to determine the optimum conditions for the new identified ATII-LCL
Multicopper oxidase.
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KBase outreach and partnership

Elizabeth M. Glass* (marland@mcs.anl.gov)', Brian Davison?, Jason Baumohl®, Aaron Best",
Jared Bischof', Ben Bowen®, Tom Brettin', Tom Brown', Shane Canon?®, Stephen Chan®, John-
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Fang’, José Pedro Lopes Faria', Mark Gerstein’, Annette Greiner®, Dan Gunter’, James
Gurtowski®, Nomi Harris®, Travis Harrison', Fei He®, Matt Henderson®, Chris Henry', Adina
Howe', Marcin Joachimiak®, Kevin Keegan', Keith Keller®, Guruprasad Kora?, Sunita Kumari®,
Miriam Land? Folker Meyer', Steve Moulton?, Pavel Novichkov®, Taeyun Oh®, Gary Olsen®, Bob
Olson', Dan Olson’, Ross Overbeek', Tobias Paczian', Bruce Parrello’, Shiran Pasternak®,
Sarah Poon®, Gavin Price®, Srivdya Ramakrishnan®, Priya Ranjan?, Bill Riehl’, Pamela Ronald?®,
Michael Schatz®, Lynn Schriml'®, Sam Seaver’, Michael W. Sneddon® , Roman Sutormin®,
Mustafa Syed?, James Thomason®, Nathan Tintle*, Will Trimble', Daifeng Wang’, Doreen
Ware®®, David Weston? Andreas Wilke', Fangfang Xia', Shinjae Yoo®, Dantong Yu®, Robert
Cottingham?, Sergei Maslov®, Rick Stevens', and Adam P. Arkin®

1Argonne National Laboratory, Argonne, lllinois; ’Oak Ridge National Laboratory, Oak Ridge, Tennessee;
*Lawrence Berkeley National Laboratory, Berkeley, California; 4Hope College, Holland, Michigan;
°Brookhaven National Laboratory, Upton, New York; ®Cold Spring Harbor Laboratory, Cold Spring Harbor,
New York; "Yale University, New Haven, Connecticut; 8University of California at Davis, Davis, California;
9University of lllinois at Champaign-Urbana, Champaign, lllinois; 10University of Maryland, College Park,
Maryland

The Department of Energy (DOE) Systems Biology Knowledgebase (KBase) is an emerging computational
environment that enables researchers to bring together the diverse data, algorithms, analytical tools,
and workflows needed to achieve a predictive understanding of biological systems. KBase’s Outreach
team works to engage a diverse user community and maximize successful use of KBase to advance
predictive biol