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PS-1

Endogenous Small RNAs That Downregulate Pathways in
Soybean and Transgenic RNAi Approaches. L. VODKIN,
G. Zabala, E. Campos, S. Jones, S. Bloomfield, and J.
Tuteja. Department of Crop Sciences, University of Illinois,
Urbana, IL 61801. Email: l-vodkin@illinois.edu

We have analyzed 14 libraries of small RNAs (primarily
21-24 nucleotides) yielding over 85 million reads and
185,000 unique small RNAs from soybean using Illumina
sequencing. Many small RNAs are characterized as siRNAs
or miRNAs. Similar to the coding transcriptome, the non-
coding small RNAome reveals many organ and develop-
mental shifts in the population of small RNAs. Sequencing
of the small RNAs in yellow and pigmented isolines of the
I (inhibitor) locus showed that naturally occurring siRNAs
control the activity of chalcone synthase (CHS) in a tissue
specific manner only during seed coat development. They
represent examples of endogenous small RNAs that
produce a physiological effect and visible trait (inhibition
of pigmentation) resulting in the familiar yellow seed coat
of commercially used soybean lines carrying dominant
alleles of the I locus. The I locus encompasses a 27 kilobase
region containing two perfectly repeated and inverted
clusters of three chalcone synthase genes (CHS1, CHS3
and CHS4). This structure leads to production of primary
siRNAs that become guides to target the mRNAs of the
non-linked, highly expressed CHS7 and CHS8 genes,
followed by subsequent amplification of CHS7 and CHS8
secondary siRNAs by RNA-dependent RNA polymerase.
Most remarkably, this silencing mechanism occurs only in
one tissue, the seed coat, as shown by the lack of CHS
siRNAs in cotyledons and vegetative tissues. This natu-
rally occurring system and the investigation of the CHS
siRNAs by high throughput sequencing serve as useful
model for the analysis of transgenic plants designed to
produce siRNAs and downregulate pathways by RNA
interference.

PS-2

Viruses and microRNAs. BRYAN R. CULLEN. Depart-
ment of Molecular Genetics and Microbiology and Center
for Virology, Duke University Medical Center, Durham,
NC. Email: bryan.cullen@duke.edu

MicroRNAs (miRNAs) are a recently discovered class of
small regulatory RNAs, ~22-nt in length, that play a key role
in cellular differentiation and development by post-
transcriptionally regulating the expression of mRNAs bearing
complementary target sites. The human genome encodes
>700 miRNAs and several viruses are now also known to
encode miRNAs, including HSV-1, which expresses 8 miR-
NAs in latently infected neurons, and EBV, which expresses
up to 25 miRNAs in latently infected B cells. In this
presentation, I will present data demonstrating that both
virally encoded miRNAs and virally induced cellular miR-
NAs play a key role in cellular transformation by EBV and
will present our current understanding of the key mRNA
targets that are bound by miRNAs in EBV-infected cells. In
addition, I will discuss data arguing that the HSV-1 miRNAs
are likely to play an important role in regulating viral latency
in vivo. While our understanding of how miRNAs modulate
viral pathogenic potential remains limited, it is already clear
that miRNAs play a key role in several aspects of the viral
replication cycle and therefore have the potential to serve as
novel targets for specific antiviral drugs.

PS-3

The RNAi Response in Insects and Its Potential for Pest
Control. LUC SWEVERS1, Jisheng Liu2, Hanneke Huvenne2,
and Guy Smagghe2. 1Insect Molecular Genetics and Biotech-
nology, Institute of Biology, National Centre for Scientific
Research “Demokritos”, Athens, GREECE and 2Laboratory
of Agrozoology, Department of Crop Protection, Faculty of
Bioscience Engineering, Ghent University, Ghent, BELGIUM.
Email: swevers@bio.demokritos.gr
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RNA interference (RNAi) is an RNA-dependent gene
silencing process that is initiated by double-stranded RNA
(dsRNA) molecules. It has been applied with high
efficiency in coleopteran insects such as Tribolium casta-
neum and the agricultural pests Leptinotarsa decemlineata
and Diabrotica virgifera, while the success rate in lepidop-
teran insects (moths and butterflies, including many
agricultural pests) is much lower. For pest insects in which
an efficient RNAi response exists, an RNAi-based strategy
for control can be developed as follows: (1) sequences from
cDNA libraries or directly obtained by high-throughput
sequencing are chosen as targets; (2) target dsRNAs are
tested in larval feeding assays; and (3) dsRNAs that
perform well in larval feeding assays provide the basis for
construction of RNA hairpin expression constructs to be
introduced in transgenic plants. For insects without an
efficient RNAi response, it is essential to understand the
basis for the refractoriness against dsRNAs in order to
devise strategies to improve the process. Approaches to
identify limiting factors in the RNAi response include: (1)
gene expression profiling studies for factors of the core
RNAi machinery and the dsRNA uptake pathway; (2)
studies of uptake of dsRNA by cell cultures in the absence
and presence of compounds that inhibit endocytosis or
stimulate uptake; (3) identification of nucleic acid degrad-
ing enzymes in tissues that could degrade dsRNA. Our
current studies focus on the involvement of two RNA-
binding proteins, R2D2 and Translin, and an alkaline
nuclease that has the capacity to degrade dsRNA, in the
efficiency of the RNAi pathway in the silkmoth, Bombyx
mori. Our studies aim, through better insights into the
RNAi response in this model, for the design of new
methods to increase the RNAi efficiency in lepidopteran
insects.

PS-4

DNA Barcoding, a Tool for Species Identification of Eukary-
otic Cells in Culture. R. HANNER. Biodiversity Institute of
Ontario & Department of Integrative Biology, University of
Guelph, CANADA. Email: rhanner@uoguelph.ca

The concept of DNA barcoding is based on knowledge that
sequence diversity in short, standardized gene regions can
extend our capacity to identify species. It was pioneered in
animals using a portion of the mitochondrial cytochrome c
oxidase I (COI) gene, a haploid, uniparentally-inherited,
single locus that shows high levels of discriminatory power
among species. Barcoding has grown from concept to
reality in less than ten years, largely through the develop-
ment of the Barcode of Life Data Systems (BOLD; www.
barcodinglife.com), which serves as the primary repository

for barcode data, as the workbench for assembly of major
barcode projects, and as the delivery system for barcode-
based identifications. Using this platform, the International
Barcode of Life Project (iBOL.org) was launched in 2010
with the core mission of building a DNA-based system for
the identification of all multi-cellular life, a project that will
have a transformative impact on the varied fields that
benefit from rapid, accurate and cost effective methods for
species identification. Barcoding has already revealed food
fraud through the detection of systemic levels of market
substitution in seafood and has also demonstrated potential
as a standard approach to validate the authenticity of
biological resource collections of all kinds, including cell
cultures. As researchers establish an increasingly diverse
array of cell lines and because misidentification can lead to
error cascades throughout the biological sciences, cell line
authentication is crucial for the accuracy and reproducibil-
ity of research. Traditional isoenzymological identification
tools suffer from a very limited taxonomic scope. Notably,
DNA barcoding offers an efficient means of authentication
that is easily replicated across diverse laboratories and is
already being implemented in varied settings as discussed
in this talk.

PS-5

Cell Authentication: Think of It as Career Insurance. R. NIMS.
RMC Pharmaceutical Solutions, Inc., 2150Miller Drive, Suite
A, Longmont CO, 80501. Email: rnims@rmcpharma.com

The meaning of cell authentication has evolved over the
years along with the technologies available at the time. Cell
morphology, karyotyping, and growth characteristics prob-
ably constituted the only means of establishing identity
when cell cultures first began to be developed. Immunotyp-
ing and isoenzyme analysis subsequently became available
for identification of cells to the species level. The advent of
molecular technologies such as HLA typing and, later,
DNA fingerprinting, have enabled authentication (at least
for human cells) to the individual donor level. The
regulatory requirements for cell authentication have
evolved along with the available technologies. Karyotyping
was used for years as the primary means of authenticating
human cell substrates used for vaccine production. In the
biopharmaceutical industry, cells used as production sub-
strates have been characterized for morphology, growth
characteristics, and identity to the species level, often with
isoenzyme analysis. At the present time, cell authentication
should entail the following 1) description of morphology,
growth characteristics and phenotype; 2) determination of
ploidy (especially for stem cells); 3) confirmation of species
level identity; and for human cells, 4) confirmation of
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donor level identity. Authentication to this level will
provide assurance that cells used as therapeutic modalities,
production substrates, and research reagents will perform as
intended. Can we afford to work without this assurance
(insurance)?

PS-6

Recognizing and Avoiding Contamination in Plant Tissue
Cultures. CHET SUTULA. Agdia, Inc., 30380 CR 6,
Elkhart, IN 46514. Email: chet@agdia.com

This presentation will focus on the diagnostic tests and
technologies that are available for recognizing contaminat-
ed plant tissue cultures and the identification of the
contaminating microbial organism(s). New methods are
available that can multiply and detect nucleic acid targets of
microbes rapidly (minutes to hours), sensitively, and
without expensive equipment. In addition, many existing
tests have been refined, and their applications and limi-
tations are better understood. The use of these detection
technologies will be placed in the context of a typical plant
culture process, with special attention to their application in
indexing and identifying troublesome and persistent microbial
contaminants.

PS-7

Utilizing Bioinformatics in Identification and Functional
Analysis of Cell Number Regulator Genes in Diverse Plant
Species for Crop Improvement of Maize – A Whole
Different Animal. MEI GUO1, Mary A. Rupe1, Jo Ann
Dieter1, Jijun Zou1, Daniel Spielbauer1, Keith E. Duncan2,
Richard J. Howard2, Zhenglin Hou1, and Carl R.
Simmons1. 1Pioneer Hi-Bred, A DuPont Business, Johnston,
IA and 2DuPont Crop Genetics Research, Wilmington, DE.
Email: mei.guo@pioneer.com

The two fundamental determinants of plant organ size are cell
number and cell size, and altering either one may affect the
plant organ size. Cell number control, however, plays the
predominant role in plant and organ size variation in most
natural populations. Domesticated crops also usually have
larger fruit and harvested organ sizes than their wild
progenitor species. Crop yield has increased significantly by
utilization of heterosis in breeding, which is associated with
increased plant stature and organ size. These organ size
changes are primarily attributed to cell number increases, not
cell size. This work presents identification of the super family
of Cell Number Regulator (CNR) genes, orthologs to the
fw2.2 gene, which governs tomato fruit size via cell number

control, and their role in plant organ size and crop
improvement through characterization of maize CNR1 and
CNR2. We show that CNR1 reduced overall plant size when
ectopically over-expressed and increased plant and organ
size when down-regulated. Leaf epidermal cell counts
showed that the increased or decreased transgenic plant and
organ size was due to changes in cell number, not cell size.
CNR2 expression was found to be negatively correlated with
tissue growth activity and hybrid seedling vigor. The effects
of CNR1 on plant size and cell number are reminiscent of
heterosis, which increases plant size primarily through
increased cell number. Regardless of whether these genes
directly contribute to, or merely mimic heterosis, they may
aid generation of more vigorous and productive crop
plants.

PS-8

Integrating Genomic Datasets to Understand the Mech-
anisms of Embryonic Stem Cell Maintenance. SAILU
YELLABOINA1, Xiaofeng Zheng2, Dmitri Zaykin1, Guang
Hu2, and Raja Jothi1. 1Biostatistics Branch and 2Laboratory
of Molecular Carcinogenesis, National Institute of Envi-
ronmental Health Sciences, National Institutes of Health,
Research Triangle Park, NC 27709. Email: yellaboinas@
mail.nih.gov

Embryonic stem cells originate as inner mass cells within a
blastocyst. The embryonic stem cells (ESCs) maintain an
epigenetic state that enables both self-renewal and differ-
entiation into all cellular systems of adult body. Because of
these remarkable properties, ESC based therapies have been
proposed for regenerative medicine and tissue replacement
after injury or disease. The development of such therapies,
however, largely depends on a complete understanding of
the genes essential for the self-renewal and pluripotency
properties of ES cells. Focused functional as well as high
throughput analysis revealed that in ES cells Oct4, Sox2,
Nanog, and Klf4 form the core transcriptional circuitry to
stably maintain the expression of pluripotency genes, and to
repress lineage determinant genes. RNAi screens of several
thousand genes in mouse ESCs revealed ~300 genes that
maintain ESC cell properties. Despite these large-scale
efforts, the picture of self-renewal still remains largely
incomplete. In an effort to identify the complete set of
genes essential for the maintenance of ESCs, we undertook
a massive effort to integrate previously published gene
expression microarray datasets in mouse ESCs and differ-
entiated cells across various developmental stages from 76
experiments. A robust statistical framework was used to
analyze the expression data from each study separately to
generate a ranked list of genes ordered from those that are
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over-expressed in ESCs to those that are under-expressed in
ESCs. The ranked lists from 76 experiments were com-
bined using a meta-analysis to obtain a single ranked list of
genes with associated P-values. Analysis of binding sites
for 13 transcription factors in ESCs, obtained from recent
ChIP-Seq studies, including Oct4, Sox2, Nanog and Suz12,
revealed that promoters of genes at the top of our list (over-
expressed in ESCs) are enriched for Oct4, Sox2, and Nanog
binding sites, whereas promoters of genes at the bottom of
our list (mostly developmental) are enriched for Suz12
binding, which represses developmental genes in ESCs.
Top 10% of our ranked list contained over half of ESC
maintenance genes previously identified using RNAi screens
(P < E-30), suggesting that there may be other undiscovered
novel ESC maintenance genes at the top of our ranked list.
We performed RNAi screens in mouse ESCs (using Oct4-
GFP reporter assay) in an effort to validate top ranked
genes in our list, and discovered novel regulators required
for ESC maintenance, including a gene implicated to have a
role in DNA demethylation. Furthermore, a systematic
approach was developed to systems level understanding of
ESC maintenance by integrating the data on essential
genes, binary protein-protein interactions, protein com-
plexes and pathways. The integrative approach identified
novel ESC maintenance protein complexes, such as MLL
complex interacting with core pluripotency factors Oct4
and c-Myc.

PS-9

Query of Polycomb Targeting Mechanism in Mammals by
Integration of Experimental and Computational Methods.
GUO-CHENG YUAN. Department of Biostatistics and
Computational Biology, Dana-Ferber Cancer Institute and
Department of Biostatistics, Harvard School of Public
Health. Email: gcyuan@jimmy.harvard.edu

Polycomb group (PcG) genes play an important role in
metazoan development. We study the mechanism of PcG
targeting in mouse embryonic stem (ES) cells and its role in
maintaining stem cell identity. To this end, we analyzed
genome-wide ChIP-chip data for Ezh1, Ezh2, Jumonji
(JMJ), and H3K27me3 in wild-type and mutant ES cells.
We found that disruption of Ezh2 and JMJ each causes
significant changes but does not completely abolish either
PcG targeting or the H3K27me3 mark. Changes in PcG
targeting patterns are well correlated with alterations in
gene expression. Importantly, mutant cells largely retain
their ES cell identity although we also observed defects
during in vitro differentiation. We developed a computa-
tional model to predict PcG target genes. Our model
performs well and over 90% of the top 400 predicted genes

are correct targets. Out of all the target genes identified
by ChIP-chip, the genes that have high prediction scores
tend to be associated with H3K27me3 in multiple cell lines,
they tend to retain the H3K27me3 mark in the mutant cells,
and their expression levels tend to remain silent during in
vitro ES cell differentiation. These results suggest that the
DNA sequence plays an important role in modulating the
plasticity of PcG targeting during development. Interesting-
ly, we found that the YY1 motif is significantly depleted at
PcG target genes. This is in contrast to the role of its
orthologous partner, Pho, in flies. The difference is strikingly
evident even at the Hox gene promoters. Our work has
provided new insights into the PcG targeting mechanism in
mammals.

PS-11

Systems Level Analysis of Drought Stress Response
Interactions with Other Biological Processes. A. Krishnan1,
M. M. R. Ambavaram1, A. Harb1, U. Batlang1, and A.
PEREIRA1,2. 1Virginia Bioinformatics Institute, Virginia
Tech, Washington Street, Blacksburg VA 24061 and 2Crop,
Soil and Environmental Sciences, University of Arkansas,
115 Plant Science Building, Fayetteville, AR 72701. Email:
apereira@uark.edu

Plants respond to drought stresses by the activation of
cascades of molecular networks involved in stress
perception, signal transduction, and the expression of
specific stress related genes and metabolites. To dissect
the complex drought stress response pathways we
analyzed gene expression changes in drought treated
Arabidopsis and rice vegetative and reproductive tissue,
revealing a high correspondence of differentially regulat-
ed orthologous genes, supporting that perception and
resistance to dehydration/drought has evolved in plants
through some common conserved mechanisms. To
develop a systems view of plant biological processes,
we created probabilistic gene interaction networks in
Arabidopsis by integrating multiple functional genomics
data, and gene coexpression networks in rice using
environmental stress response gene expression data; and
made a comparative analysis of drought response sub-
networks between the plant systems. Knockout mutants
of 200 Arabidopsis drought stress-responsive regulatory
genes (SRGs) were screened to characterize their altered
growth under drought (gud) mutant phenotypes. Repre-
sentative gud mutants were analyzed for changes in gene
expression responses that were mapped onto the drought
gene interaction networks and revealed drought-regulated
genes involved in stress protective mechanisms. Over-
expression analysis of a candidate drought SRG in rice
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revealed enhanced drought resistance and water use
efficiency phenotypes associated with increased photosyn-
thesis and grain yield, supported by gene expression
changes of gene modules involved in protective biological
processes. This genetic perturbation data of altered gene
expression patterns of SRGs is iteratively used to create a
validated drought gene interaction network. These stress
response networks are useful to study the interaction of
environmental stresses with plant signaling pathways and
the adverse effect on important biological processes, as
well as the adaptive protective mechanisms providing
stress tolerance.

PS-12

Predicting Biological Information from Genome Sequence
Analysis. BARRY GOLDMAN. Monsanto Company, 700
Chesterfield Parkway West, Mailstop CC1, St. Louis, MO
63167. Email: bsgold@monsanto.com

“The $1,000 genome requires the $1,000,000 interpretation
(K. Davies).” Improvements in DNA sequencing technol-
ogy have become so rapid that analysis has become the
rate-limiting step in utilization of the information.
Thousands of prokaryotic and hundreds of eukaryotic
genome sequences are publicly available, with new

genomes becoming available at an exponential rate. As a
consequence, data analysis lags data acquisition. New
methods must therefore be developed, tested and validated
at an increased rate to provide value to this crush of
information. As a proof of concept we performed an
analysis on whole prokaryotic genomes to identify genes
associated with the specific niches where different organ-
isms are found. We hypothesized that evolutionary pressure
exerted by an ecological niche selects for a similar genetic
repertoire in those prokaryotes that occupy the same niche,
and that this is due to both vertical and horizontal
transmission. To test this, we have developed a method to
classify prokaryotes, by calculating their Pfam protein
domain distributions and clustering them with all other
sequenced prokaryotic species. Clusters of organisms are
visualized in two dimensions as ‘mountains’ on a
topological map. When compared to a phylogenetic
map constructed using 16S rRNA, this map more
accurately clusters prokaryotes according to functional
and environmental attributes. We demonstrate the ability
of this map, which we term a “niche map”, to cluster
according to ecological niche both quantitatively and
qualitatively, and propose that this method be used to
associate uncharacterized prokaryotes with their ecolog-
ical niche as a means of predicting their functional role
directly from their genome sequence.
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