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P-1
Using the Genomic Sequence to Study Development and Pathogenicity
of the Head Blight Fungus, Gibberella zeae. F. TRAIL, I. Gaffoor, W.
Qi, and L. Velasquez. Department of Plant Pathology, Michigan State
University, East Lansing, MI. 48824. E-mail: trail@msu.edu

We have generated a draft sequence assembly of the genome of the Head
Blight fungus, Gibberella zeae (anamorph Fusarium graminearum), that
is now available on the web for download and query. The sequence is of
high quality with the entire 36 Mb assembly consisting of just 511 contigs
(. 2 kb) contained within 28 supercontigs. The sequence has greatly
facilitated studies of the development and pathogenicity of this econom-
ically important fungus. G. zeae produces its sexual spores (ascospores)
in sacs called asci. The asci are produced in ephemeral perithecia on the
surface of field debris which, when mature, fire their spores into the air.
We have been investigating formation of perithecia and the mechanism
of forcible ascospore discharge through a variety of molecular, histolog-
ical and physiological techniques. Information on use of genomics to
facilitate these studies will be presented.

P-2
Fungal Transformation: A Key Tool for Studying the Molecular and Cel-
lular Basis of Fungal Diseases. S. KANG1, C.-H. Khang1, S.-Y. Park1, M.
B. Fogg2, and K. J. Czymmek2. 1Department of Plant Pathology, The
Pennsylvania State University, University Park, PA 16802 and 2Depart-
ment of Biological Sciences, University of Delaware, Newark, DE 19716.
E-mail: sxk55@psu.edu

A better understanding of fungal biology will facilitate judicious use of
beneficial fungi and will also advance our efforts to control pathogenic
fungi. Such an understanding has greatly increased in recent years, due
in large part to the application of molecular tools. Among such tools,
transformation-mediated mutagenesis has undoubtedly been the most
widely applied method for studying gene function in fungi. Although
transformation-mediated gene replacement is feasible in many fungi, its
efficiency is often low, necessitating that many transformants be screened
in order to identify desired mutants. We have developed an efficient meth-
od that can be applied, with minimal modifications, to the targeted ma-
nipulation of genes in a broad spectrum of fungi. The method, exhibiting
potential as a powerful functional genomic tool for fungi, is based on
Agrobacterium tumefaciens-mediated transformation with a mutant allele
followed by a positive-negative selection to isolate target mutants. Factors
affecting the efficiency of gene manipulation through this method will be
discussed. Another application of fungal transformation is to label strains
of interest with a fluorescent marker to monitor their growth. Because of
the intimate and dynamic nature of the interactions between fungal path-
ogens and their hosts throughout the disease cycle, a comprehensive un-
derstanding of these interactions requires tools for monitoring pathogen
growth and host responses at the cellular level. Rapid advances in mi-
croscopy have made it possible to carry out such detailed studies in a
dynamic fashion. We have utilized multiphoton laser confocal microscopy
to study the cellular basis of plant-fungal pathogen interaction with an
emphasis on the Arabidopsis thaliana-Fusarium oxysporum pathosystem.

P-3
Agrobacterium tumefaciens: Gene Transfer from Prokaryotes to Eukary-
otes. E. W. NESTER. Dept. of Microbiology, Box 357242, University of
Washington, Seattle, WA 98195. E-mail: gnester@u.washington.edu

Agrobacterium causes crown gall tumors and transforms plant cells by
transferring a fragment of DNA (T-DNA) from its tumor-inducing (Ti)
plasmid into plant cells. The transfer requires that a series of operons on
the Ti plasmid be activated by plant signal molecules in an acidic envi-
ronment, after which these genes (vir) function to process and transfer
the T-DNA and several proteins. The sequencing of the genome of strain
C-58 reveals many interesting features. The genome consists of four rep-
licons and includes a linear and circular chromosome and two large plas-
mids, the Ti and another, termed cryptic. Although the latter is not es-
sential to plant cell transformation, it is required to achieve maximum
virulence. The linear chromosome, rare in prokaryotes, codes for many
essential genes and has ends that are covalently linked. Agrobacterium is
most closely related to Sinorhizobium meliloti, a symbiotic nitrogen fixer,
with which it shares significant nucleotide colinearity and gene order
conservation. Although these organisms share a common ancestor, Agro-
bacterium evolved to become a pathogen, whereas Sinorhizobium became
a symbiont. Thus, both genera contain genus-specific genes. Knowledge
of the genome sequence has revealed some surprising and unexpected
features of virulence. These will be discussed.

P-4
Plant Protoplasts: Current Status of Culture Technologies to Underpin
Somatic Hybridization and Transformation. M. R. DAVEY, P. Anthony,
J. B. Power, and K. C. Lowe*. School of Biosciences, University of
Nottingham, Sutton Bonington Campus, Loughborough LE12 5RD, UK
and *School of Biology, University of Nottingham, University Park, Not-
tingham NG7 2RD, UK. E-mail: mike.davey@nottingham.ac.uk

The availability of cell wall degrading cellulase and pectinase enzymes
has facilitated the release of large populations of potentially totipotent
protoplasts (naked cells) from cell suspensions and a range of plant tis-
sues/organs, particularly leaves. Numerous media have been evaluated in
both liquid and semi-solid states for the culture of such isolated proto-
plasts to fertile plants. Several innovative approaches have been devel-
oped to maximize cell wall regeneration by protoplasts in culture, fol-
lowed by mitotic division and morphogenic response, via organogenesis
and/or somatic embryogenesis, of protoplast-derived cells. Such tech-
niques include the use of nurse cell cultures, electrical stimulation, sup-
plementation of media with non-ionic poloxamer surfactants and manip-
ulation of the gaseous environment. In the latter, attention has focused
recently on artificial gas carriers based on chemically inert perfluorocar-
bon liquids or chemically modified hemoglobin solutions. Synergistic ef-
fects of these media supplements on cell development have been recorded
for several species. Protoplast-to-plant systems are available for several
major crops, ornamentals, trees and plants of medicinal importance, pro-
viding a baseline for their genetic manipulation through exposure of so-
maclonal variation, somatic and gametosomatic hybridization, and gene
transfer at both the nuclear and organellar levels.
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P-5
Applications of Somatic Hybridization and Cybridization in Crop Improvement,
with Citrus as a Model. JUDE W. GROSSER. University of Florida, Citrus
Research and Education Center (CREC), Lake Alfred, FL 33850. E-mail:
jwg@crec.ifas.ufl.edu

Although somatic hybridization techniques are being ignored by variety im-
provement programs for most commodities, their contribution to citrus variety
improvement continues to expand with increasing complexity. Citrus is one of
the few commodities where somatic hybridization is reaching its predicted po-
tential. Citrus somatic hybrids are now possible from most desirable parental
combinations. Somatic hybrid citrus plants have been produced from more than
250 parental combinations, including more than 130 at the CREC. The CREC
hybrids include 34 from sexually compatible intergeneric combinations, 16 from
sexually incompatible combinations, and 81 interspecific combinations. The ob-
jective of this report is to demonstrate the impact of somatic hybridization on
citrus improvement programs, and to discuss its potential with other commod-
ities. For citrus scion improvement, several applications are aimed at the de-
velopment of improved seedless fresh fruit varieties, and these include sym-
metric somatic hybridization, haploid 1 diploid fusion, targeted cybridization
to transfer mtCMS (cytoplasmic male sterility) from Satsuma mandarin, and
triploidy via interploid crosses using somatic hybrid allotetrapoid breeding par-
ents. For rootstock improvement, symmetric somatic hybridization provides an
opportunity to hybridize complementary rootstocks without breaking up suc-
cessful gene combinations. Rootstock somatic hybridization is providing op-
portunities for improving disease and insect resistance, soil adaptation, and tree
size control. Wide somatic hybridization provides an opportunity for gene trans-
fer from related species, including some that are sexually incompatible. Exten-
sive field research on citrus somatic hybrid rootstocks combined with emerging
molecular analyses of citrus has allowed for the development of additional strat-
egies for rootstock improvement. These include rootstock breeding and selection
at the tetraploid level using somatic hybrid parents, and the resynthesis of im-
portant rootstocks at the tetraloid level via fusion of selected superior parents.
Ongoing examples of each strategy will be provided, along with some ideas for
extending the technology to other commodities.

P-6
Protoplast Technology and Medicinal Plants. PRAVEEN K. SAXENA.
Biotechnology Division, Department of Plant Agriculture, University of
Guelph, Guelph, Ontario, N1G 2W1, Canada. E-mail: psaxena@
uoguelph.ca

Plant secondary metabolites, the nature’s pharmacy, are being increasing-
ly sought for prevention and treatment for complex conditions including
cancer, cardiovascular and neurological diseases, HIV/AIDS, and chronic
pain disorders. Various pharmacological studies have shown that whole
plant extracts with multiple molecules are essential for the efficiency of
plant medicines. Moreover, biosynthetic pathways of most medicinal me-
tabolites are complex and controlled by multiple genes that have not been
identified, cloned, and packaged into appropriate vectors. Protoplast-me-
diated genetic manipulation may offer new options for the production of
plant-based medicines. In particular, the unique capacity of protoplasts to
accept foreign genes, chromosomes, and even whole organelles allows
DNA transfer across species. Such reconstitution of ‘‘designer hybrids’’
with two different pathway-specific genomic backgrounds and multiple
classes of molecules have potential for synergistic functioning which can
lead to therapeutically useful resource of novel medicines. Together with
emerging tools of metabolomics, combinatorial genomics, and high
throughput pharmacological screening, protoplasts offer an unrivalled op-
portunity for rapid screening of new drugs and creation of a novel range
of commercial products. Protoplast-derived mutants, variants, and somatic
hybrids of medicinal species have been shown to exhibit a wide spectrum
of antioxidants, antidepressants, alkaloids, cytotoxins, neurochemicals
and other molecules of medicinal significance. The primary objective of
this presentation is to provide an overview of the potential application of
protoplast technologies to the process of plant-based drug development

P-9
Strategies for Producing and Maintaining Clean Cultures. BARBARA M.
REED. USDA-ARS, National Clonal Germplasm Repository, 33447 Pe-
oria Rd., Corvallis, OR 97333-2521. E-mail: reedbm@science.
oregonstate.edu

Producing and maintaining plant-tissue cultures free of bacteria and fungi
is the goal of both research and production laboratories. Success in pro-
ducing ‘‘clean’’ cultures is dependent on many factors, especially the
initial step of culture initiation. Initiating cultures from cuttings of healthy
plants is always the best strategy for producing contaminant-free fast-
growing cultures. Special attention to the growth condition and health of
the mother plant is the first and often the easiest step in preventing con-
tamination of cultures. Also important is attention to the plant tissue used
to initiate culture and the use of specialized media to detect contaminants
early in the process. Plant tissues that are not in contact with the soil will
often have fewer contaminants than tissues close to the soil. Specialized
bacterial or fungal growth media can be used to indicate if contamination
is present so only uninfested plant material is carried on to the propa-
gation process. The third step is continued checking of plant cultures at
key steps so that newly introduced or latent contaminants are detected
before they are spread to other cultures. Standard protocols for choosing
explants and detecting contaminants early can greatly decrease the losses
due to contamination in research or production laboratories.

P-10
Arabitol Dehydrogenase as a Selectable Marker for Plants. P. R. LAFAY-
ETTE, P. M. Kane, B. H. Phan, and W. A. Parrott. Department of Crop
& Soil Sciences, Center for Applied Genetic Technologies, University of
Georgia, Athens, GA 30602. E-mail: plaf@uga.edu

D-arabitol is a 5-carbon sugar alcohol that can be used by E. coli strain
C, but not by the laboratory K12 strains. The ability to use arabitol is
conditioned by the presence of an operon, of which arabitol dehydroge-
nase (atlD) is one component. ATLD converts D-arabitol into D-xylulose.
In contrast to D-arabitol, D-xylulose is metabolizable by plant cells. AtlD
was cloned by digesting genomic DNA from E. coli C, ligating the frag-
ments into a cloning vector, and screening for E. coli K12 able to grow
on arabitol. We optimized the atlD gene for expression in plants by syn-
thesizing the gene using plant-preferred codons and by removing cis-
active DNA motifs. The synthetic sequence was placed behind the 35S
promoter and used to select rice transformed using biolistics, or placed
behind the potato ubiquitin 3 promoter to select tobacco transformed us-
ing Agrobacterium. In rice, replacement of 3% sucrose with 2.75% arab-
itol and 0.25% sucrose (w/w) resulted in transformation frequencies of
about 10%, comparable to those obtained using hygromycin as a select-
able agent. Transgenic plants were verified via Southern analysis, and
were normal and fertile. To test arabitol selection with a dicot, 3% arabitol
without sucrose was used for tobacco leaf disc transformation. Transgenic
tobacco plants were recovered, though not as efficiently as kanamycin
selection.
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P-11
Chloroplast Genetic Engineering for Improved Agronomic Traits and Molecular
Farming, Using Various Selection Systems. HENRY DANIELL. Department of
Molecular Biology and Microbiology, University of Central Florida, Biomolecular
Science Building (#20, Rm 336), Orlando, FL 32816-3264. E-mail: daniell@
mail.ucf.edu

In order to address potential environmental concerns, our laboratory has developed
the chloroplast genetic engineering approach, which overcomes concerns of gene
containment (Nature Biotechnology, 2002, 20: 581-587), low levels of transgene
expression, gene silencing, position effect, pleiotropic effects, presence of antibiotic
resistant genes or vector sequences in transformed genomes (Trends in Plant Sci-
ence, 2002, 7: 84-91). Chloroplast transgenic approach has been successfully used
in our laboratory to confer desired plant traits, including the herbicide (Nature
Biotechnology, 1998, 16: 345-348), insect (Proc. Natl. Acad. Sci. USA 1999, 96:
1840-1845), disease (Plant Physiology 2001, 127: 852-862) resistance, drought tol-
erance (Molecular breeding 2003, 11: 1-13) or phytoremediation (Plant Physiology,
2003, 132:1344-1352). For molecular farming, we have demonstrated expression
and assembly of several vaccine antigens, including cholera toxin b-subunit func-
tional oligomers with proper disulfide bonds (Journal of Molecular Biology, 2001,
311, 1001-1009), Anthrax Protective Antigen functional heptamers (Vaccine, 2004),
human serum albumin (Plant Biotechnology Journal, 2003, 1: 71-79), viral peptide
animal vaccines (Plant Biotechnology Journal, 2004), interferon or insulin like
growth factor etc. (Encyclopedia of Plant & Crop Science, 2004) in transgenic
chloroplasts. Hyper-expression of bacterial operons with exceptionally large accu-
mulation of foreign proteins (up to 46% of foreign protein, Nature Biotechnology
19: 71-74) has opened the door for multi-gene engineering of novel pathways.
However, in order for any transgenic approach for oral delivery of therapeutic
proteins to be successful, it is essential to develop a selection system free of anti-
biotic selection. Such marker free chloroplast transformation systems have been
developed using BADH in tobacco (Current Genetics 39: 109-116) or carrot (via
somatic embryogenesis), including hyper-expression in edible parts. Several suc-
cessful approaches to eliminate selectable marker genes from transgenic chloro-
plasts and extension of this technology to challenging crops like cotton via somatic
embryogenesis will be presented.

P-12
A Gene Encoding MYB-like DNA Binding Protein, Promotes Embryogenesis
in Arabidopsis. QI-WEN NIU1, Jianru Zuo2 , and Nam-Hai Chua1,3. 1Labora-
tory of Plant Molecular Biology, Rockefeller University, 1230 York Avenue,
New York, NY 10021 and 2Institute of Genetics and Developmental Biology,
Chinese Academy of Sciences, 917 Datun Road, Beijing 100101, People’s
Republic of China. E-mail: chua@mail.rockefeller.edu

Embryogenesis is a fundamental and essential process in plant development.
However, the molecular mechanisms that initiate and maintain this process
are largely unclear. To gain more insight into this process, we used a chemical-
inducible activation-tagging system (Zuo et al, 2002) to identify genes that
can promote embryogenesis. Mutants were recovered in several screens. One
mutant, pga37, can form embryos when cultured on a medium containing the
appropriate inducer. Genomic analysis indicates that the inducible activation-
tagging promoter was inserted into approximately 7.8 kbp upstream of the
translation-initiation codon of PGA37. Using RT-PCR, we confirmed that the
activation-tagging promoter activates PGA37 in the presence of the inducer.
Transgenic plants containing cDNA of PGA37 expressed from a beta-estradiol
inducible promoter phenocopied phenotypes of pga37 mutant when iduced.
This further confirms that PGA37 can promote embryogenesis. Sequence
analysis shows that PGA 37 encodes a MYB-like DNA binding protein, which
normally functions as an activator or inhibitor to induce or repress, respec-
tively, expression of downstream genes. Gene interaction analysis shows that
PGA37 can activate the expression of LEAFY COTYLEDON 2(LEC2), a tran-
scriptional regulator that establishes a cellular environment sufficient to ini-
tiate embryo formation. Our results suggest that PGA37 plays a key role in
the initiation or maintenance of plant embryogenesis.
Reference
Zuo, J., Niu, Q.-W., Frugis, G., and Chua, N.-H.,(2002) The WUSHEL gene
promotes vegetative-to-embryonic transition in Arobidopsis. Plant J.30, 349-
359.

P-13
A Sweet-pepper Ferrodoxin-like Protein Promises Substantial Equiva-
lence to Its Conventional Counterpart as a Selection Marker in Plant
Genetic Engineering. M.-T. CHAN. Institute of BioAgricultural Sciences,
Academia Sinica, Taipei, 11529, Taiwan. E-mail: mbmtchan@gate.
sinica.edu.tw

Introduction of orchid specific traits by genetic engineering, to date, have
not demonstrated practicality in Oncidium. Studies have been confined to
marker-assisted selection thereby only demonstrating the feasibility of the
transformation event. As a landmark, we have established a routine trans-
formation procedure for Oncidium by both Agrobacterium mediated and
particle bombardment using Protocorm like bodies (PLBs) as an explant
source. The prime directive of our research focus was to impair antibiotic
marker selection by introducing a disease resistant trait exemplified by
the sweet-pepper ferrodoxin-like protein (pflp), to demonstrate its duality
both as a potent antimicrobial peptide and a selection marker. Erwinina
carotovora used as a selection agent enabled selection of transgenic On-
cidium expressing this genetic module which exhibited enhanced toler-
ance to the pathogen even when assayed with challenging proportions.
We obtained a total of 32 independent transgenic orchid lines, out of
which 9 (GUS positives) were randomly selected and confirmed by mo-
lecular characterization (Southern and Northern hybridization). Our re-
sults strongly indicate the potent applications of the pflp gene in genetic
engineering strategies. The use of pflp will display smaller transgenic
constructs thereby enabling incorporation of other useful traits. In addi-
tion, impairing antibiotic selection in agricultural crops might enable re-
ceptiveness of GM technology among public.

P-14
Using Biotechnology in the Battle with Dutch Elm Disease. K. M. A.
GARTLAND, R. M. Crow, A. T. McHugh, and J. S. Gartland. Plant
Biotechnology Research Group, Abertay Centre for the Environment
(ACE), University of Abertay Dundee, Dundee, DD1 1HG Scotland. E-
mail: k.gartland@abertay.ac.uk

Dutch elm disease has led to the destruction of hundreds of millions of
elms throughout the Northern Hemisphere and, to a lesser extent, New
Zealand. More than 40 elm species have been devastated by the fungal
pathogen Ophiostoma novo-ulmi being spread from tree to tree by elm
bark beetles of the genus Scolytus. As yet there are no consistently ef-
fective breeding products able to withstand Ophiostoma attack. Forest
biotechnology approaches are being used to try and overcome the fungal
pathogen. This has involved developing micropropagation systems for
elm species, assessing gene transfer delivery systems and regenerating
genetically modified elms. A range of approaches to regulate gene ex-
pression in elm using reporter genes and potential strategies for future
disease resistance are being investigated. Large numbers of genetically
modified elms have been produced and transferred to soil under contained
growth conditions. Methods for fungal challenge are being evaluated and
the potential for deliberate release into the environment under the current
European regulatory climate will be discussed.
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P-15
Heritage Embraces Innovation in Chestnut Restoration. W. A. POWELL1,
C. A. Maynard1, D. Fernando1, and S. A. Merkle2. 1SUNY-College of
Environmental Science & Forestry, Syracuse, NY 13210 and 2University
of Georgia, Athens, GA 30602. E-mail: wapowell@esf.edu

One hundred years ago, the first published case of chestnut blight, caused
by the introduced fungus now known as Cryphonectria parasitica, was
described. Within 50 years, the once magnificent eastern American chest-
nut forests were decimated. Many heroic efforts were made to stop the
spread of the blight, but all eventually failed. At that time, researchers
were just beginning to understand the significance of DNA and therefore
had no idea of the molecular tools that would be developed and are
available today to fight the blight. With the advent of plant tissue culture
and transformation, coupled with the tools to clone and characterize
genes, we are developing ways to produce transgenic American chestnut
trees that will be resistant to the blight. This presentation will summarize
our progress in identifying putative resistance genes, production of con-
structs to deliver multiple transgene products, transformation of American
chestnut (Castanea dentata), and research spin-offs that can be applied
to other endangered tree species.

P-16
Prospects of Utilizing Hypoviruses for Chestnut Blight Biological Con-
trol. W. L. MACDONALD1, M. L. Double1, and D. L. Nuss2. 1Division
of Plant and Soil Sciences, West Virginia University, Morgantown, WV
26506-6058 and 2University of Maryland Biotechnology Institute, Col-
lege Park, MD 20742-4450. E-mail: macd@wvu.edu

A biological control phenomenon termed hypovirulence appears respon-
sible for the recovery of chestnut trees in Italy and Michigan from chest-
nut blight, a canker disease. Hypovirulence is caused by a family of
viruses, the hypoviruses, that attenuate virulence and sporulation of the
causal fungus, Cryphonectria parasitica. When hypoviruses are success-
fully transmitted to virulent, canker-inciting strains, production of callus
tissue by the tree can result in canker closure. Unfortunately, significant
levels of biological control in the eastern forest have not occurred either
naturally or when hypoviruses have been introduced artificially. Success
of biological control at some locations and its failure at others remains
the subject of speculation, but spread of hypoviruses is known to be
restricted by barriers imposed by a system of vegetative compatibility
that exists in C. parasitica. Forest sites that have highly diverse fungal
populations with regard to vegetative compatibility appear less likely to
recover from chestnut blight. The complexity of the hypovirulence phe-
nomenon is further complicated by the genetic diversity among hypovi-
ruses infecting C. parasitica. This diversity results in a myriad of altered
phenotypic traits that accompany hypovirus-mediated attenuation of vir-
ulence and influence the potential of specific hypoviruses as effective
biological control agents. Strategies to improve the success of hypovirus-
mediated biological control are focusing on hypovirus selection and ap-
proaches that enhance their deployment and dissemination.

P-17
Modern Molecular Approaches to Studying and Controlling Sudden Oak
Death. D. M. RIZZO1, M. Garbelotto2, and R. Dodd2. 1Department of
Plant Pathology, One Shields Ave., University of California, Davis, CA
95616 and 2Department of Environmental Science, Policy and Manage-
ment, Ecosystem Science Division, 151 Hilgard Hall, University of Cal-
ifornia, Berkeley, CA 94720. E-mail: dmrizzo@ucdavis.edu

Sudden Oak Death (SOD, causal agent Phytophthora ramorum) is a re-
cently described canker disease of tanoak (Lithocarpus densiflora), coast
live oak (Quercus agrifolia), and black oak (Q. kelloggii) in coastal areas
of central California and southern Oregon, USA. In addition to SOD, P.
ramorum also causes foliar and twig blights on over 40 other plant spe-
cies from 14 families. P. ramorum has also been recovered from plants
in nurseries and gardens in Germany, The Netherlands, the United King-
dom, and other European countries. Molecular techniques, in combination
with classical cultural techniques, are being utilized to study both the
pathogen and hosts in order to develop appropriate management strate-
gies. For example, use of molecular diagnostic tools directly led to the
discovery of many new hosts. The geographic origin of P. ramorum is
currently unknown, but AFLP analysis of the North American population
indicates a largely clonal population supporting the hypothesis that it is
most likely an exotic species. The genome of P. ramorum has recently
been sequenced leading to the development of microsatellite markers for
population studies and potentially the development of more robust di-
agnostic methodologies. Field and in vitro observations have suggested
variation in susceptibility of coast live oak and California bay laurel to
infection by P. ramorum. Molecular analysis of populations of these spe-
cies is leading to a better understanding of the distribution of resistance
across large landscapes. Although research on this disease is in the very
earliest stages, initial work suggests the importance of these approaches
to conservation and restoration of oak forests.

P-18
Integration of the Agrobacterium T-DNA Into the Plant Genome. STAN-
TON B. GELVIN. Department of Biological Sciences, Purdue University,
West Lafayette, IN 47907. E-mail: gelvin@bilbo.bio.purdue.edu

Agrobacterium tumefaciens genetically transforms plants by transferring
a region of DNA from the tumor inducing (Ti-) plasmid to plant cells.
This T-DNA subsequently integrates into the plant genome. Transient
expression of T-DNA-encoded genes does not require T-DNA integration.
Numerous examples exist of plants that are efficiently transformed to
express reporter genes transiently, but integration and stable expression
only rarely occurs. Integration of T-DNA depends both upon Agrobac-
terium VirD2 protein, which accompanies the T-DNA from the bacterium
to the host, and plant proteins. We have previously shown that a histone
H2A variant, H2A-1 (HTA1) is necessary for T-DNA integration in Ar-
abidopsis. Mutation of this gene (rat5) results in a plant that can be
transiently but not stably transformed. Molecular analysis indicates that
this mutant is deficient in T-DNA integration. We investigated the effect
of over-expression of the HTA1 gene upon transformation of various Ar-
abidopsis ecotypes, Brassica napus, and maize. In each of these instanc-
es, the presence of the HTA1 gene resulted in higher transformation fre-
quencies. Over-expression of the HTA1 gene also restored transformation
competence to numerous rat (resistant to Agrobacterium tranformation)
mutants, suggesting that HTA1 sensitizes plants to transformation. Al-
though the presence of additional copies of HTA1 can increase T-DNA
integration, HTA1 may also facilitate transgene expression. We are cur-
rently investigating other Arabidopsis chromatin genes that may be in-
volved in T-DNA integration and transgene expression.
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P-19
Transgene Management Via Multiple Site-specific Recombination Sys-
tems. DAVID W. OW. Plant Gene Expression Center, USDA/UC Berke-
ley, Albany, CA 94710. E-mail: david_ow@uclink.berkeley.edu

Advances in genomic discoveries are proceeding at an unprecedented
rate. New traits will soon cease to be a limiting factor for crop improve-
ment. Rather, rate-limiting steps will be plant transformation, plant intro-
gression, and public acceptance of GMOs. Current methods for creating
transgenic varieties are labor and time intensive, comprising of the gen-
eration of hundreds of plants with random DNA insertions, screening for
the few individuals with appropriate transgene expression and simple in-
tegration structure, and followed by a lengthy breeding process to intro-
gress the engineered trait into cultivated varieties. Various modifications
of existing methods have been proposed to speed up the different steps
involved in plant transformation, as well as a few add-on technologies
that seek to address issues related to biosafety or intellectual property.
The problem with an assortment of independently developed improve-
ments is that they do not integrate seamlessly into a single transformation
system. Here, we present current progress in developing an integrated
strategy for plant transformation, where the introduced DNA will be in-
serted precisely into the genome, the transgenic locus will be introgressed
rapidly into field varieties, the extraneous transgenic DNA will be re-
moved, and the transgenic plants will be molecularly tagged. Moreover,
to reduce transgene flow as well as preserve intellectual property, the
transgenic locus may be excised from pollen and/or seed.

P-20
Mechanism(s) for Transgene Integration and Locus Formation in Plants.
D. A. SOMERS, I. Makarevitch, P. M. Olhoft, and S. K. Svitashev. De-
partment of Agronomy and Plant Genetics, University of Minnesota, St.
Paul, MN 55108. E-mail: somers@biosci.cbs.umn.edu

The majority of characterized transgene loci in plants transformed by
either Agrobacterium or direct DNA delivery methods exhibit short
stretches of homologous sequences (microhomologies) between integrat-
ed delivered DNA and flanking genomic sequences, and between rear-
ranged transgene fragments indicating that transgene integration and lo-
cus formation occurs via illegitimate recombination (IR). The range of
transgene locus structures closely resembles structures seen in repaired
double-strand breaks (DSBs) in plants and other eukaryotes suggesting
the involvement of host DSB-repair enzymes in IR-mediated transgene
integration. However, the extent of the overlap between transgene inte-
gration and DSB repair, and the role of DSBs in transgene integration are
unclear. Models for DSB-inducing and DSB-mediated transgene integra-
tion based on transgene sequence data will be presented and discussed.
Progress in investigating host enzymes that may be involved in inducing
DSB formation during transgene integration will be presented.

P-21
Root Cell Differentiation in Arabidopsis. J. SCHIEFELBEIN, Christine Bern-
hardt, Christa Carozzo, Su-Hwan Kwak, Myeong Min Lee, Ronglai Shen, and
Marissa Simon. Department of Molecular, Cellular, and Developmental Bi-
ology, University of Michigan, Ann Arbor, MI 48109. E-mail: schiefel@
umich.edu

Roots grow in a simple manner via an organized pattern of cell division and
differentiation. In our laboratory, we use the Arabidopsis root epidermis as a
particularly useful model tissue for studying the regulation of cell differenti-
ation. This tissue contains a single cell layer with only two morphologically
distinct cell-types (root-hair cells and non-hair cells), and it forms rapidly and
continuously after seed germination. Furthermore, mutations affecting the for-
mation of either epidermal cell type do not affect plant viability. The hair and
non-hair cell types arise in a position-dependent pattern that implies cell-cell
interactions are critical for cell fate specification. We have identified and an-
alyzed several genes that influence the position-dependent patterning of the
epidermal cell types. Some of these genes (e.g. GLABRA2 and WEREWOLF)
encode transcription factors important for non-hair cell specification, whereas
others (e.g. CAPRICE and TRIPTYCHON) help define the hair cell type. By
studying the expression and interactions between these genes, we have found
that transcriptional feedback loops between them are important in establishing
the cell type pattern. The WEREWOLF gene product is a positive regulator
of both GLABRA2 and CAPRICE gene expression. During epidermis devel-
opment, positional cues apparently bias the WER expression and cause a
relatively high level of GLABRA2 and CAPRICE expression in cells located
in a particular location (the N cell position), which leads to the non-hair cell
fate. The truncated MYB encoded by CAPRICE mediates a lateral inhibition
mechanism to negatively regulate WEREWOLF, GLABRA2, and CAPRICE
gene expression in the alternate position (the H cell position), which leads to
the hair fate. These findings provide a molecular genetic framework for un-
derstanding the determination of a cell type pattern in plants.

P-22
Transcriptional Networks in Root Development. P. N. BENFEY, K. Birn-
baum, and D. Shasha. Dept. of Biology, Duke Univesity, Durham, NC
27708 and Dept. of Computer Science, New York University, New York
City, NY 10003. E-mail: Philip.Benfey@duke.edu

The key to deciphering transcriptional circuitry is to understand in detail
the control of RNA expression. A first step in this direction is to deter-
mine the expression pattern of all genes at cellular resolution. To accom-
plish this we have developed a genomics approach that involves sorting
cells from transgenic lines in which a fluorescent protein is used as a
cell-specific marker. The sorted cell populations are then used as a source
of RNA that is hybridized to microarrays. Using this approach we have
generated a global map of gene expression within the root. This ‘‘digital’’
in situ gives the localization of more than 10,000 genes. Gene expression
was mapped to 15 different zones of the root that correspond to cell and
tissue types at progressive developmental stages. We found major patterns
of gene expression that traverse traditional anatomical boundaries and
included previously unrecognized cassettes of hormonal response.
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P-23
Root Culture Bioreactors 1 Rapid Transformation/Transient Gene Ex-
pression 5 Root Functional Genomics? W. R. CURTIS, J. Stick, J. Camp-
bell, J. Collens, F. Ibraheem, C. Merritt, and H. Mason*. Dept. Chemical
Engineering, Penn State University, University Park, PA 16802 and *Ar-
izona State University, School of Life Sciences, PO Box 874501, Tempe,
AZ. E-mail: waynecurtis@psu.edu

Our research group has been studying the growth of root cultures in
bioreactor systems for primarily applied biotechnological applications (in-
cluding secondary metabolite and therapeutic protein expression). In car-
rying out these studies we have had increasing need to develop root
cultures with multiple gene transformations. Initial work with signal
transduction required transformation with GFP driven by pathogen in-
ducible promoter. These were generated via RETRANSFORMATION
where A. rhizogenes-transformed roots were transformed with A. tume-
faciens vectors with simultaneous de-differentiation on auxin media and
regeneration. This required 31 months to establish transformed lines.
COTRANSFORMATION, where a binary vector is introduced into an A.
rhizogenes strain, allows for simultaneous transformation from both the
RI and TI plasmid and generation of root cultures with transgenes in
about a month. We have now developed an Agrobacterium auxotroph that
can be co-cultured with the root tissue culture without antibiotics to per-
mit T-DNA transfer and gene expression in 1-3 days. We are further
refining this TRANSIENT EXPRESSION approach by creating root cul-
tures that express an inducible viral replicase gene (via cotransformation
and retransformation) as a potential means of amplifying episomal T-
DNA introduced via transient expression. The potential for using these
tools to study gene expression in roots will be discussed.

P-24
Genetic Dissection of Root Formation in Maize—From Mutants to Cell-
type-specific Transcriptomes. F. HOCHHOLDINGER, K. Woll, and M.
Sauer. Center for Plant Molecular Biology, University of Tuebingen, Tue-
bingen, Germany. E-mail: hochhold@uni-tuebingen.de

The maize plant (Zea mays) forms a complex root system comprising
embryonic and post-embryonic roots. The embryonically formed root
system is made up of the primary root and a variable number of seminal
roots. Later in development the post-embryonic shoot-borne root system
becomes dominant and is responsible together with its lateral roots for
the major portion of water and nutrient uptake. Although the anatomical
structure of the different root-types is very similar they are initiated from
different tissues during embryonic and post-embryonic development. Re-
cently, a number of mutants specifically affected in maize root develop-
ment have been identified. These mutants indicate that various root-type
specific developmental programs are involved in the establishment of the
maize root stock. Transcriptome profiling is a useful tool to study gene
expression during specific developmental stages. Although global gene
expression analyses can reveal much about how genes function and how
their gene products interact during development, these analyses have so
far generally been conducted on whole organs. Such analyses are limited
by the composite nature of plant organs which usually consist of a num-
ber of cell-types with each of these cell-types expressing a unique tran-
scriptome. Our recent work on the genetic characterization of maize root
development via specific mutants and the comparison of cell-type-specific
transcriptomes between wild-type and mutant cells combining laser cap-
ture microdissection and microarray experiments will be presented.

P-25
Somatic Embryogenesis in Carrot Suspension Cultures—Morphology,
Physiology, Biochemistry, and Molecular Biology. A. KOMAMINE1, N.
Murata2, and K. Nomura2. 1The Research Institute of Evolutionary Bi-
ology, 2-4-28 Kamiyoga, Setagaya-ku, Tokyo, 158-0098, Japan and 2In-
stitute of Agriculture and Forestry, University of Tsukuba, Tennodai,
1-1-1, Tsukuba, Ibaraki, 305-8572, Japan. E-mail: khf10654@nifty.ne.jp

Comprehensive aspects of somatic embryogenesis in carrot suspension
cultures are reviewed on the basis of results obtained in our laboratory.
High frequency and synchronous somatic embryogenesis system from
single cells to torpedo shaped embryos was established. Using this sys-
tem, four phases (Phase 0, 1, 2 and 3) of somatic embryogenesis were
recognized. Auxin was required for progression of Phase 0, while it was
inhibitory in Phase 1-3. Embryogenic cell clusters were produced at the
end of Phase 0. Polarities of localization of DNA and mRNA synthesis
were expressed during early phases of somatic embryogenesis (Phase
0-2). In particular, rapid cell division as well as rapid DNA synthesis
occur in certain parts of cell clusters during Phase 2, giving rise to glob-
ular stage embryos. Replicon sizes were shortened significantly in Phase
2 as compared with those in Phase 1. Genes expressed during somatic
embryogenesis were cloned and their expression patterns and functions
were investigated. These genes were classified into three categories: (1)
genes involved in cell division, (2) genes involved in organ formation
and (3) genes specific for the process of somatic embryogenesis. The
whole aspect of somatic embryogenesis is summarized in conclusion.

P-26
Glutathione Modulation on In Vitro Organized Development. E. C.
YEUNG and M. F. Belmonte. Department of Biological Sciences, Uni-
versity of Calgary, Calgary, Alberta, Canada T2N 1N4. E-mail: yeung@
ucalgary.ca

Redox compounds are ubiquitous within plant cells. These compounds
have two main functions: to provide the reduction equivalents for various
metabolic processes and to serve as anti-oxidative protectants. The focus
of research on redox compounds such as ascorbic acid and glutathione is
centered on their anti-oxidative functions. However, effects from both
compounds of a redox pair, such as reduced (GSH) and oxidized (GSSG)
glutathione, can cause changes in developmental patterns. Using the white
spruce somatic embryo model system, it is found that a more oxidized
environment from the incorporation of GSSG to the maturation medium
improves the quality of the embryos produced. Quality is judged by the
formation of 4 or more cotyledons, a well-organized shoot pole, an abun-
dance of storage products within embryo cells, and a high percentage of
conversion upon germination. The incorporation of GSH to the matura-
tion medium to create a reduced environment promotes proliferation of
embryo tissue leading to the formation of a larger number of somatic
embryos. However, the quality of these embryos is poor and there is a
tendency of precocious germination. Quantitative determination of en-
dogenous levels of GSH and GSSH indicates that changes in the ratio of
these compounds within white spruce embryogenic tissue could modulate
in vitro organized development. It appears that a more reduced in vitro
environment promotes proliferative growth while a more oxidized envi-
ronment enhances organized development.
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P-27
Gene Expression Associated With Organogenesis. P. P. KUMAR. De-
partment of Biological Sciences, National University of Singapore, Sin-
gapore 117543. E-mail: dbskumar@nus.edu.sg

Understanding the molecular regulation of shoot bud regeneration in plant
tissue culture is essential for crop improvement by biotechnology. Several
recent studies have begun shedding light on some of the genes associated
with the process. We have shown that that maintenance methylation at
specific stretches of DNA is essential for normal shoot bud induction in
petunia. Some of the genes that are associated with adventitious shoot
regeneration characterized by us include a MADS-box gene (PkMADS1)
from Paulownia kawakamii (a tree species), whose expression is restrict-
ed to the shoot-forming cultures and vegetative shoot apex. PkMADS1 is
required for adventitious shoot formation in Paulownia. Another gene we
have characterized from shoot forming leaf cultures of petunia codes for
a cytokinin binding protein (PETCBP). A significant delay and decline
in the number of adventitious shoot bud initiation was observed in leaf
explants of transgenic plants harboring the PETCBP gene in antisense
orientation when compared to the wild-type explants. Also, a report on
DNA microarray analysis examined the overall changes in gene expres-
sion during adventitious shoot formation in Arabidopsis. A clearer picture
is beginning to emerge from such studies regarding the roles of genes in
shoot development. Results from studies carried out in our lab and others
will be discussed.

P-28
Effective Optimization of In vitro Regeneration: A Case Study Using
Vegetable Brassicas. D. C. W. BROWN and H. Y. Wang. Agriculture and
Agri-Food Canada, Southern Crop Protection and Food Research Centre,
1391 Sandford Street, London, Ontario, Canada N5V 4T3. E-mail:
browndc@agr.gc.ca

The regeneration of plants in vitro is widely found to be genotype de-
pendant and the optimization of the in vitro response of a target plant is
usually approached in an empirical fashion. Rarely is a truly systematic
evaluation of a particular target plant carried out as a complete systematic
evaluation of many factors is beyond the resources of even large labo-
ratories. We have adapted a technique widely used in medicine, agricul-
ture and manufacturing to evaluate and optimize plant performance in
vitro. The approach, based on an orthogonal array technique, not only
efficiently and quickly evaluates the effects of individual variables on the
outcome but also evaluates how the variables interact. Thus, multiple
lines can be simultaneously optimized using multiple variables. In an
application of this approach, we tackled vegetable Brassicas (broccoli,
cabbage and cauliflower) which are noted for highly genotype-dependant
in vitro responses. Twenty breeding lines of cabbage, where there was
no prior knowledge of in vitro response, were subjected to the optimi-
zation protocols. After optimization, shoot regeneration of the respective
lines ranged from 6 to 58 shoots per explant and the in vitro response
ranged from 68 to 100% with seven different protocol variations estab-
lished. Furthermore, it was found that the lines could be grouped by
genetic relatedness and this factor could be used as a predictor for in
vitro performance of new lines. The approach has been applied to other
target plants and also has been used to optimize in vitro transformation
systems.

P-29
Molecular and Genetic Dissection of Higher Plant Embryogenesis. JOHN
J. HARADA. Section of Plant Biology, Division of Biological Sciences,
University of California, One Shields Avenue, Davis, CA 95616. E-mail:
jjharada@ucdavis.edu

Zygotic embryogenesis is initiated with a fertilization event that results
from fusion of the egg and sperm cells. The zygote then undergoes a
programmed set of differentiation events, resulting in the formation of
the mature embryo. In higher plants, a number of other cell types are
competent to become embryos. Somatic cells induced by hormone treat-
ments can produce somatic embryos and microspore cells can be diverted
from the pathway of microgametogenesis to give rise to haploid embryos.
Furthermore, a suite of asexual reproductive processes, collectively
known as apomixis, can induce cells within an ovule to undergo embryo
formation. These embryos of diverse origin appear to develop following
similar morphogenetic pathways. However, the cellular processes that ini-
tiate these different forms of embryogenesis are not known. Furthermore,
it is also not known if common mechanisms are involved in converting
different cell types to an embryonic fate. To address questions about the
control of embryo development, my lab is studying the Arabidopsis
LEAFY COTYLEDON (LEC) genes. LEC genes are central regulators of
embryogenesis required for the maintenance of embryonic cell fate, spec-
ification of cotyledon identity, initiation and/or maintenance of the mat-
uration phase of embryogenesis, and inhibition of postgerminative de-
velopment in developing embryos. Moreover, ectopic expression of these
genes causes seedlings to acquire embryonic characteristics and induces
somatic embryo formation from vegetative cells. The role of the LEC
genes in establishing a cellular environment that allows embryogenesis
to occur will be discussed.

P-30
Environmental and Genetic Approaches to Increase Productivity of Me-
dicinal Plants in Liquid Culture. JEFFREY ADELBERG. Department of
Horticulture, Clemson University, Clemson, SC 29634. E-mail:
jadlbrg@clemson.edu

Most medicinal plants are perennials from heterogenous populations of
heterozygous individuals, and there has been little modern breeding or
field culture research. Plant tissue culture can be a 1) source of high-
quality biomass from highly repeatable environmental conditions, or 2)
be used to micropropagate selected clones of vegetative starter material.
Liquid bioreactor systems offer distinct advantages over agar-based cul-
ture for both biomass production and micropropagation. Biomass pro-
duction in liquid systems is faster due to more rapid solute exchange
between media and tissue, produces greater dry matter contents, and
scaled-up production is predictable by rational models. Micropropagation
in liquid has greater efficiencies for labor, facility-use and plant growth,
than agar-based systems. Genotype has a critical, interactive effect on the
magnitude of yield improvements attributable to enhanced nutrient avail-
ability from liquid systems. Genotype selection will be an essential, but
costly, empirical process until well-constructed populations are charac-
terized and appropriate markers developed. Low-cost bioreactors allow
factorial optimization designs to include large numbers of treatment factor
combinations and quickly produce quantities of quality-assured tissue
necessary to profile and assay principle compounds from diverse seed-
ling-clone populations. The current generation of low-cost plant biore-
actor systems offers attractive alternatives to bring medicinal crop pro-
grams toward more successful utility.
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P-31
In Vitro Regeneration and Greenhouse Establishment of Medicinal and
Rare Skullcaps (Scutellaria). N. JOSHEE, B. K. Biswas, and A. K. Ya-
dav. Agricultural Research Station, Fort Valley State University, Fort Val-
ley, GA 31030. E-mail: josheen@fvsu.edu

Since the early 1980s, the herbal industry globally experienced an ex-
ponential growth. Scutellaria species have been used in the traditional
medical systems of China, Korea, India, Japan, many European nations,
and North America. Anti-inflammatory activities of Scutellaria products
have been associated with their ability to specifically inhibit COX-2 (cy-
clooxygenase-2) enzyme. Diterpenoids extracted from Scutellaria species
have been reported to possess strong insect antifeedant activity against
the larvae of Spodoptera littoralis. Crude extracts from Scutellaria bar-
bata were found to be selectively toxic to Staphylococcus aureus. Fla-
vonoids from Scutellaria baicalensis have been reported to have inhibi-
tory effect on HIV (human immunodeficiency virus), human T cell leu-
kemia virus type I, and mouse skin tumor promotion. Over 50 flavonoids
have already been isolated from different species of Scutellaria. Of the
300 species of Scutellaria growing around the world, 90 have been re-
ported from North America. Of these, 20 species grow in Georgia and
the neighboring states, but little is known about their in vitro multipli-
cation potential and medicinal values. Some of these species are even
endangered, threatened or rare. We have 11 species in our germplasm
collection at FVSU-ARS where we are developing protocols to study their
in vitro multiplication and establishment in the greenhouse and the field
in order to analyze and evaluate their potent phytochemicals for medicinal
bioactivity.

P-32
Tissue Culture Methods to Improve Herbs, Spices, and Nutraceutical
Plants. A. M. R. FERRIE, W. A. Keller, and C. E. Palmer. National
Research Council/Plant Biotechnology Institute, 110 Gymnasium Place,
Saskatoon, SK, S7N 0W9, Canada. E-mail: Alison.Ferrie@nrc-cnrc.gc.ca

There is very little activity underway to improve the genetics of herbs,
spices and other nutraceutical crops. Much of the industry relies on
‘‘wild’’ plants, therefore, the potential for variability in performance and
active ingredients is high. This presents significant challenges for the
industry, which is striving to achieve market credibility and meet current
regulatory standards. Uniform varieties would also be beneficial for use
in clinical trials. The industry requires plants that will perform consis-
tently under various environmental conditions and will produce a consis-
tent quality and quantity of desired active ingredients. This research can-
not solely rely on traditional plant breeding but must be supported by the
development of tissue culture methods for the species of interest. Tissue
culture is also valuable for propagation of species endangered through
over harvesting or where seed production is low and/or dormancy intrac-
table. Haploidy technology can accelerate the development of new vari-
eties of these species. The time required to produce a new variety is
decreased by three to four years when using this technology. This is
advantageous to the producer, as high yielding cultivars with improved
characteristics can be available more readily. Having a product that is
consistently of high quality is also beneficial to the consumer. Haploidy
technology has been developed for a number of species but very little
work has been done on the herbs, spices, and nutraceutical species. We
have screened over 80 species for microspore culture response. Double
haploids have been regenerated in the Umbelliferae (Apiaceae) and Car-
yophyllaceae. This presentation will discuss the tissue culture methods
that can be used to improve herbs, spices and nutraceuticals.

P-33
Developing Biotechnology to Regenerate and Improve Selected Nutra-
ceutical Plants. B. K. BISWAS, N. Joshee, and A. K. Yadav. Agricultural
Research Station, Fort Valley State University, Fort Valley, GA 31030-
4313. E-mail: biswasb@fvsu.edu

Nutraceutical plants are the center of interest of this century. Research
on nutraceutical plants is of very urgent need because they can also pro-
duce pharmaceutical and natural health products. The development of
technologies for the genetic improvement of nutraceutical plants will
open new opportunities for growers. Research on nutraceutical plants pre-
sents a growing opportunity to address market needs as well as to support
new health care options. Selection of a nutraceutical plant depends on its
history of uses for human benefits. Guava (Psidium guajava L.) and phal-
sa (Grewia asiatica L.) are the two important nutraceutical tropical fruit
plants. In order to adapt guava and phalsa in temperate climates, we need
to develop cold hardy transgenic plants using tissue culture and recom-
binant DNA technology. Nevertheless, micropropagation protocols for
guava and phalsa have been developed through organogenesis from nodal
explants and somatic embryogenesis using young zygotic embryos. Plas-
mid vectors containing selectable markers with CaMV 35S promoter gene
has been introduced into guava tissues using Agrobacterium-mediated
transformation. Further experiments are underway and details of these
experiments and meaningful results will be discussed.

P-34
Prospects for Engineering Vaccinium Germplasm for the Production of a
High-potency Resveratrol Analogue. DANIEL C. COOK, S. R. Baerson,
A. M. Rimando, F. E. Dayan, and S. O. Duke. Natural Products Utiliza-
tion Research Unit, P.O. Box 8048, University, MS 38677. E-mail:
dcook@ars.usda.gov

Stilbenoid phytoalexins, such as resveratrol, have been shown to play an
important defense role in several plant species against pathogens such as
Botrytis cinerea. In addition to their antimicrobial properties, resveratrol
and related stilbenes have also generated considerable interest as nutra-
ceuticals, due to their potential role in promoting cardiovascular health,
inhibiting tumor formation, and increasing cell longevity. Several studies
have suggested that pterostilbene, a methylated derivative of resveratrol,
possesses similar potent antioxidant and anticancer properties, and in ad-
dition could provide host plants with more broad-spectrum resistance to
fungal pathogens. Recently, we have isolated and characterized a novel
O-methyltransferase from sorghum which efficiently catalyzes the con-
version of resveratrol to pterostilbene. Ongoing efforts by our laboratory
to develop pterostilbene-accumulating Vaccinium varieties via overex-
pression of this enzyme will be described.
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P-35
Improved Nutrition Through Modern Biotechnology. MARTINA NEWELL-
MCGLOUGHLIN. University of California-Davis, Systemwide Biotechnolo-
gy Research and Education Program, One Shields Avenue, Davis, CA 95616.
E-mail: tnmmcgloughlin@ucdavis.edu

Agricultural biotechnology offers efficient and cost-effective means to pro-
duce a diverse array of novel, value-added products and tools. It has the
potential to increase food, feed and fiber production and quality, reduce the
dependency of agriculture on chemicals, alleviate biotic and abiotic stress and
lower the cost of raw materials, all in an environmentally sustainable manner.
The first generation of such crops focused largely on input agronomic traits,
the next generation will focus more on value added output traits. This paper
will cover one aspect of these value-added niche markets at the interface of
agriculture and medicine namely the improvement of the nutritional quality
of crop plants. Scientific evidence is accumulating to support the role of phy-
tochemicals and functional foods (any modified food or food ingredient that
may provide a health benefit beyond the traditional nutrients it contains) in
the prevention and/or treatment of at least four of the leading causes of death
in the USA: cancer, diabetes, cardiovascular disease, and hypertension. From
a health perspective, plant components of dietary interest can broadly be di-
vided into three main categories: macronutrients (proteins, carbohydrates, lip-
ids [oils], and fiber), micronutrients (vitamins, minerals, phytochemicals) and
anti-nutrients (allergens, toxins and substances such as phytate that limit bio-
availability of nutrients). Both traditional plant breeding and biotechnology
techniques are needed to produce plants carrying the desired quality traits.
Developing plants with improved quality traits involves overcoming a variety
of technical challenges inherent to metabolic engineering programs. Continu-
ing improvements in molecular and genomic technologies are contributing to
the acceleration of such product development. These new products and new
approaches on the horizon may require a reassessment of appropriate criteria
to manage risk while insuring that the development of innovative technologies
and processes is encouraged to provide value-added commodities for the con-
sumer.

P-36
Assessment Process for Nutritionally Enhanced Food and Feed Crops.
BRUCE M. CHASSY. University of Illinois at Urbana-Champaign, College
of Agricultural, Consumer, and Environmental Sciences, 238 National Soy-
bean Research Center, MC-637, 1101 West Peabody Drive, Urbana, IL 61801.
E-mail: bchassy@uiuc.edu

The first biotechnology-derived crops consisted primarily of varieties with
improved agronomic characteristics. A newly emerging class of crops is being
developed with a focus on improved human or animal nutrition, and a number
of these have reached the field trial stage and/or are advancing through reg-
ulatory approval to commercialization. Nutritionally improved foods and
feeds should be evaluated for their potential impact on human/animal nutrition
and health regardless of the technology used to develop them. The evaluation
includes assessing both the change in the composition of the individual foods/
feeds or ingredients and the impact of the changes on the overall composition
of the diets of the projected population(s). The safety assessment begins with
a comparative assessment of the new food/feed with an appropriate compar-
ator that has a history of safe use. Compositional analysis is the starting point
for this assessment. Current approaches of targeted compositional analysis are
recommended for the detection of any alterations. The list of components
recommended by OECD plus additional components defined in the biosyn-
thetic and catabolic pathways of the newly expressed trait should be compared
for the improved crop and the appropriate conventional counterparts. For nu-
tritionally enhanced or altered products, the dietary exposure to nutrient(s)
whose content is changed should be estimated and the appropriate set of
studies carried out to assess the nutritional quality and the safety of any newly
expressed protein(s) and metabolites. Examples of such studies are structure-
activity relationships, in vitro determinations of digestibility of the proteins
and animal feeding studies with the relevant target species. It is concluded
that the food safety and diet-health assessment methods currently employed
are sufficiently robust to be applied to nutritionally enhanced novel foods.

P-37
Harvest Plus: Biofortification as a Feasible Means of Increasing the Availability
of Nutrients to Malnourished Populations. RAY GLAHN1 and Howarth Bouis2.
1USDA-ARS, U.S. Plant, Soil, and Nutrition Lab, Cornell University, Tower Road,
Ithaca, NY 14853 and 2HarvestPlus, c/o International Food Policy Research In-
stitute, 2033 K Street, NW, Washington, DC 20006-1002. E-mail: rpg3@cornell.
edu

The mission of HarvestPlus is to reduce the effects of micronutrient malnutrition
on poor populations in developing countries, and improve food security, pro-
duction and quality of life by providing biofortified staple crops as a low cost,
sustainable option. Biofortification provides a truly feasible means of reaching
malnourished populations in relatively remote rural areas, delivering naturally
fortified foods to people with limited access to commercially marketed fortified
foods, which are more readily available in urban areas. Biofortification and
commercial fortification, therefore, are highly complementary. The HarvestPlus
strategy seeks to take advantage of the consistent daily consumption of large
amounts of food staples by all family members, including women and children
who are most at risk for micronutrient malnutrition. As a consequence of the
predominance of food staples in the diets of the poor, this strategy implicitly
targets low-income households. After the one-time investment is made to de-
velop seeds that fortify themselves, recurrent costs are low and germplasm may
be shared internationally. It is this multiplier aspect of plant breeding across
time and distance that makes it so cost-effective. Once in place, the biofortified
crop system is highly sustainable. Nutritionally improved varieties will continue
to be grown and consumed year after year. In addition, breeding for higher trace
mineral density in seeds will not incur a yield penalty. In fact, biofortification
may have important spin off effects for increasing farm productivity in devel-
oping countries in an envrionmentally beneficial way in that these trace minerals
are essential in helping plants resist disease and other environmental stresses.
This project will be accomplished by a global alliance of research institutions
and implementing agencies in developed and developing countries, coordinated
by the International Center for Tropical Agriculture (CIAT) and the International
Food Policy Research Institute (IFPRI).




