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AGENDA1 
Saturday April 11, 2015 

12:15-1:00 Registration Egan Lobby 
1:00-1:15 Opening 240 Egan 
1:15 - 2:00 Keynote Speaker 1: Prof. Jing-Ke Weng 

Member of the Whitehead Institute and Assistant Professor of Biology, MIT 
Mechanistic basis of metabolic evolution in plants 

2:00 - 2:45 Keynote Speaker 2: Prof. Susan C. Roberts 
Professor of Chemical Engineering, University of Massachusetts Amherst 
Multi-scale engineering of paclitaxel synthesis in Taxus plant cell culture 

2:45 - 3:15 COFFEE BREAK AND Egan Lobby 
POSTER SETUP 440 Egan 

3:15 - 4:00 Keynote Speaker 3: Prof. Joe Chappell 
Professor of Pharmacy, University of Kentucky 
Engineering high value oil production in plants 

240 Egan 

4:00 - 4:45 Keynote Speaker 4: Prof. Daniel Kliebenstein 
Professor of Plant Sciences, University of California, Davis 
A more precise transcriptional regulatory framework for an adaptive metabolic pathway 

4:45 - 6:45 POSTER SESSION and Appetizers 
First hour: Session A, Second hour: Session B (poster list provided on page 5; visit 
northeastern.edu/neaspb/program to read abstracts) 

440 Egan 

6:45 - 8:15 BANQUET 240 Egan 
8:15 - 9:15 Executive Committee Meeting 206 Egan 

Sunday April 12, 2015 
7:45 - 8:30 COFFEE AND PASTRIES Egan Lobby 
8:30 - 8:45 Speaker 1: William Chezem, Yale University 

A novel gene regulatory network controls phenylpropanoid metabolism in defense 
240 Egan 

8:45 - 9:00 Speaker 2: Geoffrey Liou, Massachusetts Institute of Technology 
Regulation of plant chalcone synthase by oxidation of the catalytic cysteine 

9:00 - 9:15 Speaker 3: Chang-Jun Liu, Brookhaven National Laboratory 
Proteolytic regulation and macromolecular organization of phenylpropanoid-lignin 
biosynthesis 

                                                            
1 All events will take place in the Egan Research Center unless otherwise noted (building #60 on the campus map, available at 
northeastern.edu/campusmap. 
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9:15 - 9:30 Speaker 4: Michael Torrens-Spence, Whitehead Institute 
Structural basis for the functional evolution of plant aromatic amino acid decarboxylases 

9:30 - 9:45 Speaker 5: Jessica Weaver, Northeastern University 
The Zct1 repressor is regulated by multiple hormones and by the activator ORCA3 in 
Catharanthus roseus 

9:45 - 
10:00 

Speaker 6: David Des Marais, Harvard University 
The molecular basis of gene by environment interaction in Arabidopsis thaliana 

10:00 – 
10:20 

NEASPB BUSINESS MEETING 240 Egan 

10:20 - 
10:50 

COFFEE BREAK Egan Lobby 

10:50 - 
11:05 

Speaker 7: Hesham Abdullah, University of Massachusetts Amherst 
Transcriptome profiling to identify genes involved in triacylglycerol biosynthesis and 
accumulation in developing seeds of Camelina sativa 

240 Egan 

11:05 - 
11:20 

Speaker 8: Tanya Copley, McGill University 
Integrated transcriptomics and metabolomics decipher differences in the defense response 
of soybean leaves to Rhizoctonia foliar blight 

11:20 - 
11:35 

Speaker 9: Fei Gao, Brookhaven National Laboratory 
Characterization of nitrate transporter members in plant stress response 

11:35 - 
11:50 

Speaker 10: Adam Saffer, Yale University 
A mutant with reduced rhamnose synthesis implicates rhamnogalacturonan-I in the control 
of cell expansion and helical twisting of epidermal cells 

11:50 - 
12:05 

Speaker 11: Megan Thompson, University of New Hampshire 
Role of protein phosphatase 2A in maintaining normal root growth under salt stress 

12:05 - 
12:20 

Speaker 12: Nikhilesh Dhar, Syracuse University 
A non-specific Lipid Transfer Protein DLP1 is post-transcriptionally regulated during 
pathogen attack and plays a role in regulating defense response and flowering time in 
Arabidopsis 

12:20 - 
12:35 COFFEE BREAK 

12:35 - 
12:50 POSTER/SPEAKER AWARD PRESENTATION & BOOK RAFFLE 

12:50 Adjourn  
POSTER BREAKDOWN 440 Egan 
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Poster List 
Session # Presenter Organization Poster Title 
A 1 Abdul 

Mannan 
COMSATS Institute of 
Information Technology 

In vitro screening of aerial parts of Artemisia vulgaris for some antioxidant, 
phytochemical and biological properties 

A 2   Intentionally blank 
A 3 Luis Vidali Worcester Polytechnic 

Institute 
Computational and Experimental FRAP Analyses of Myosin XI-Dependent 
Vesicular Transport Show Coupling with F-actin in Polarized Cell Growth in 
Plants 

A 4 Rakesh 
Minocha 

USDA Forest Service Long-Term Trends of Pine and Oak Nitrogen Metabolism (Foliar and 
Sapwood) in Response to Chronic Nitrogen Amendments at the Harvard 
Forest, MA 

A 5 Arielle 
Chaves 

University of Rhode 
Island 

A complementation assay for in vivo study of protein structure-function 
relationships of Cellulose Synthase (CESA) proteins in Physcomitrella patens 

A 6 Vladimir 
Podolny 

HMS Harvard A sink enhancement as a result of flowering genes activation. Where to 
search for genes of sink regulation? 

A 7 Olesya 
Levsh 

Whitehead Institute The roles of enzyme promiscuity and evolvability in metabolic evolution 

A 8 Timothy 
Fallon 

Massachusetts Institute 
of Technology 

Elucidation of the biosynthetic pathway of the plant natural product 
galegine 

A 9 Jiamin 
Zheng 

Northeastern University Total Synthesis of d-lactone of tetrahydroxyhexacos-2-enoic acid and its 
analogs: Diastereo-divergent asymmetric synthesis to syn-1,3-polyol nature 
product 

A 10 Brenden 
Barco 

Yale University A new class of cyanogenic metabolites in Arabidopsis linked to pathogen 
defense 

A 11 Noreen Rizvi Northeastern University Silencing the transcriptional repressor ZCT1 does not further increase 
alkaloid biosynthesis in jasmonate-induced hairy root cultures of 
Catharanthus roseus 

A 12 Aravind 
Galla 

South Dakota State 
University 

Silencing RNAs of Fusarium graminearum might play an important role in its 
pathogenicity on wheat 

A 13 Rakesh 
Kumar 

UMASS Amherst A Novel γ-Glutamyl Cyclotransferase Involved in Glutamate Recycling 
Protects Plants from Oxidative Stress via Enhanced Glutathione 
Homeostasis 

A 14 Chuanxin 
Ma 

University of 
Massachusetts Amherst 

Effects of Cerium and Indium Oxide Nanoparticles on Antioxidant Enzyme 
System and Nutrient Displacement in Arabidopsis thaliana 

A 15 Keila 
Garrido 

University of Connecticut Cyclic Nucleotide Gated Cation Channels 2 and 6 Behave Similarly in a 
Signaling Cascade Allowing Thermotolerance 

A 16 Elizabeth 
Cummings 

University of 
Massachusetts Amherst 

New approaches for optimizing somatic embryo yield in loblolly cultures 

A 17 Thalita 
Cervezan 

Worcester Polytechnic 
Institute 

Effect of different types of drying on quality and postharvest conservation 
of Artemesia annua L. 

A 18 Michelle 
McKee 

University of 
Massachusetts Amherst 

Controlling aggregate size distributions in plant cell culture to optimize 
product yields 

A 19 Matthew 
Desrosiers 

Worcester Polytechnic 
Institute 

Investigating the Effect of Secondary Metabolites on Bioavailability of 
Artemisinin from Dried Leaves of Artemisia annua Using Simulated 
Digestion and Caco-2 Monolayers 

A 20 Ariel Flood Montclair State University Starch Analysis in Betula populifolia and Populus spp. in an Abandoned 
Urban Brownfield 
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Session # Presenter Organization Poster Title 
A 21 Sanda Zolj Boston University Characterization of the Arabidopsis ALF3 gene and the determination of its 

role at the interface of metabolism and defense 
A 22 Mai Tran University of Rhode 

Island 
Cellulose synthesis in Physcomitrella patens and its role in osmotic stress 

A 23 Claire 
Wilson 

University of Rhode 
Island 

Impact of plant defenses and the hemlock woolly adelgid on a native forest 
defoliator 

A 24 Matthew 
Grasso 

University of Vermont Microfluidic encapsulation of living plant protoplasts: a new method for 
exploring the biophysical environment of individual plant cells 

A 25 Sibo Wang WPI Effect of roots on artemisinin and flavonoid production in shoots of 
Artemisia annua. 

A 26 Rondy Malik Indiana University Tri-trophic interaction: Does AM-fungal species differ in their Ability to 
Enhance Disease Resistance in Soybean? 

A 27 Tomas 
Zavada 

University of 
Massachusetts Boston 

Herbaria genetics – temporal shift in the composition of New England 
chicory populations 

A 28 Suzana Car Dartmouth College Combating zinc deficiency in humans through understanding zinc transport 
in plants 

A 29 Xiaofan Liu Northeastern University Explore the structure activity relationship of resin glycoside via the de novo 
synthesis of both enantiomers of Batatinoside III 

A 30 Gregory 
Andrews 

UMass Amherst Discovery of novel natural products from a sustainable plant cell culture 
library 

B 1 Jennifer 
Dawood 

Elms College Detrimental biocontrol agents: Larinus planus and Rhinocyllus conicus and 
the attractive floral volatiles emissions of endangered Cirsium pitcher 

B 2 Bibin 
Paulose 

University of 
Massachusetts 

Regulation of carbon flow through MEP pathway 

B 3 Matthew 
Mattozzi 

Harvard Wyss Institute Engineering an alternate carbon fixation pathway as a bypass for 
photorespiration 

B 4 Benoit 
Lacroix 

Stony Brook University VirF encoded by nopaline strain of Agrobacterium tumefaciens is a 
functional F-box protein in plant cells 

B 5 Yi Ma University of Connecticut Visualization of real-time cytosolic Ca2+ elevation using a plant expressing a 
novel optogenetic Ca2+ sensor 

B 6 Pubudu 
Handakumbura 

University of 
Massachusetts Amherst 

The B-class genes in maize: targets and timing in floral development 

B 7 Fu-shuang Li Whitehead Institute for 
Biomedical Research 

The Chemical Structure of Sporopollenin 

B 8 Swathi 
Turlapati 

University of New 
Hampshire 

Quantitative real time PCR analyses reveal changes in the soil nitrifier and 
denitrifier bacterial gene copy numbers in long-term N- amended sites of 
Harvard Forest, MA, USA 

B 9 Anastassia 
Bobokalonova 

Whitehead Institute for 
Biomedical Research, MIT 

Forward genetics screen of suppressors of fah1-10 to identify negative 
regulators of the plant phenylpropanoid pathway 

B 10 Sarah Fortin Worcester Polytechnic 
Institute 

Effect of Mycorrhizae on Artemisinin and Flavonoid Production in Artemisia 
Annua 

B 11 Tim 
DeMarsh 

SUNY Cobleskill Transformation of Soy (Glycine max) for Heightened Expression of the SIZ1 
Gene 

B 12 Thien Luu SUNY Cobleskill Generating a Novel Soybean (Glycine max) Cultivar with Resistance to 
Nematode Infection and High Performance in Adverse Conditions by 
Overexpressing Cysteine Protease Inhibitor 1. 
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Session # Presenter Organization Poster Title 
B 13 Emily 

Norton and 
Amanda 
Rhodes 

SUNY Cobleskill Development and Identification of Soybean Plants with an Increased 
Tolerance to Osmotic Stress 

B 14 Laura Van 
Beaver 

University of New 
Hampshire 

Production of Decaffeinated Tea through Genetic Engineering 

B 15 Caroline 
Webb 

Northeastern University Assessing the effects of RNA-interference on Catharanthus roseus hairy root 
cultures 

B 16 Miglia 
Cornejo 

Northeastern University Development of an inducible transgenic line of Catharanthus roseus hairy 
roots 

B 17 Solomon 
Amadiume 

SUNY PLattsburgh Chlamydomonas IAA Response: Nitrate Reductase and Nitric Oxide 
Requirement 

B 18 Sophia You SUNY Plattsburgh Physiological Significance of PGR5 Cyclic Electron Transport in 
Chlamydomonas 

B 19 Rebecca 
LaPier 

SUNY Plattsburgh Chlamydomonas Shows Rhythmic Cell Expansion Response to IAA: 
Expansion is Auxin Specific and Occurs in Minutes 

B 20 Frederick 
Kaestel 

SUNY Plattsburgh Chlamydomonas Light Mediated Osmosis Requires Recovery Volume 
Decrease 

B 21 Steven Troy University of New 
Hampshire 

The Effects of Nanoparticles and Biogenic Polyamines on Horizontal Gene 
Transfer 

B 22 Thomas 
DuBois 

University of New 
Hampshire 

The identification of palmitoyltransferase mutants in Arabidopsis Thaliana 

B 23 Lisa Flaman University of New 
Hampshire 

Identification and characterization of genes involved in root growth under 
salt stress in Arabidopsis Thaliana 

B 24 Elizabeth 
Berry 

University of Rhode 
Island 

Cell Wall Composition of Physcomitrella patens 

B 25 Ellen Pierce Worcester Polytechnic 
Institute 

Formin2A Associates with Vesicles in Physcomitrella patens Polarized 
Growth 

B 26 Constance 
Maurer 

Iona College Orthologous gene search for heavy metal tolerance in Phragmites australis 

B 27 Erika Bucior Ithaca College Plant habit and morphological characters are more important than rates of 
photosynthesis in determining species dominance of an introduced 
(Scaevola taccada) compared to a native (S. plumieri) species measured on 
the island of Culebra, Puerto Rico 

B 28 Sandybell 
Anorga 

Iona College Identifying intraspecific genetic variability in Asclepias tuberosa  from five 
different regions in the United States 

B 29 Felix 
Fernandez-
Penny 

Cornell Targeting the role of benzoxazinoid genes in maize-aphid resistance 

B 30 Kaylyn 
Bergquist 
and Julie 
Cupido 

University of New 
Hampshire 

The Effects of Cytokinin on Adventitious Root Formation in Arabidopsis 
Thaliana 
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KEYNOTE SPEAKERS 
Mechanistic basis of metabolic evolution in plants 

Jing-Ke Weng 
Member, Whitehead Institute for Biomedical Research 
Thomas D. and Virginia W. Cabot Career Development Chair 
Assistant Professor of Biology, Massachusetts Institute of Technology 
Metabolic pathways are often considered “perfected” or at least predictable as substrates efficiently rearrange into 
products through the intervention of an optimized enzyme. Moreover, single catalytic steps link up, forming a myriad of 
metabolic circuits that are often modeled with a high degree of certainty. However, on closer examination, most 
enzymes are not precise with respect to their activity, using not just one substrate but often a variety and producing not 
just one product but a diversity. Hence, the metabolic systems assembled from enzymes possessing varying degrees of 
what can be termed catalytic promiscuity are not clear-cut and restrictive; rather, they may at times operate 
stochastically in the intracellular milieu. This “messiness” complicates our understanding of normal and aberrant cellular 
behavior, while paradoxically sowing the seeds for future advantageous metabolic adaptations for host organisms. In 
this talk, I will present our ongoing effort in understanding the chemical and biophysical basis for enzyme evolvability, 
which contributes to the systemes-level evolvobility of the plant specialized metabolic systems. I will also present case 
studies of several plant specialized metabolic pathways, which emerged at different time during the last 500 million 
years of terrestrial plant evolution. 

Multi-scale engineering of paclitaxel synthesis in Taxus plant cell culture 

Susan C. Roberts 
Professor of Chemical Engineering, University of Massachusetts Amherst 
The sophistication of some medicinally important plant secondary metabolites necessitates their supply from natural 
sources as opposed to chemical synthesis or heterologous production in microbial hosts. Plant cell culture biotechnology 
is an attractive option for products with low and unpredictable yields in nature, and processes can be designed to 
optimize accumulation and simplify purification. We have adopted a multi-scale cellular engineering strategy for Taxus 
suspension cultures for production of the anti-cancer agent paclitaxel (Taxol™) by focusing both at the molecular and 
process levels. In this talk, we will discuss two synergistic approaches for engineering secondary metabolite synthesis. At 
the molecular level, we have examined mRNA expression and secondary metabolite profiles to clarify regulation of 
Taxus metabolism (and secondary metabolism in general) in a paclitaxel-accumulating state, and have developed 
transformation methods to study and manipulate pathway genes. At the culture process level, we have identified cell 
aggregation as a key property affecting system behavior, and have established methods to experimentally characterize, 
mathematically describe and effectively manipulate aggregation and its influence on culture performance. The 
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techniques and approaches we have developed in Taxus can easily be transferred to other systems for the development 
of plant cell culture processes for the study and production of important bioactive secondary metabolites. 

Engineering high value oil production in plants 

Joe Chappell 
Professor of Pharmacy, University of Kentucky 
Assuming biofuels generated via the fermentation of sugars derived from cellulosic and non-cellulosic constituents of 
biofuels crops is providing a substantial contribution to our future energy needs, augmenting and amending the 
productivity of these biofuel crops is now a major research thrust worldwide. One way of enhancing these biofuels crops 
will be to engineer them for additional value-added components such as oils, that can be used for efficient fuel 
production and the manufacturing of other high-value products currently derived from petroleum oils. Towards this end, 
we are engineering optimized production of long, branched-chain hydrocarbon biosynthesis into plants suitable as 
biofuels crops. Branched chain hydrocarbons, like methylated triterpenes, are readily cracked into paraffins and 
naphthenes that can either be distilled to combustible fuels (gasoline, jet fuel and diesel), or can be used directly for the 
synthesis of plastics, nylons, paints and other oil-derived products manufactured by diverse chemical industries. 

To create a production capacity for specific terpenes of industrial interest, we have pioneered the development of 
strategies for diverting carbon flow from the native terpene biosynthetic pathways operating in the cytosol and plastid 
compartments of plants for the generation of specific classes of terpenes. In the current work, we demonstrate how 
difficult it is to divert the 5-carbon intermediates DMAPP and IPP from the mevalonate pathway operating in the 
cytoplasm for triterpene biosynthesis, yet diversion of the same intermediates from the methylerythritol phosphate 
pathway operating in the plastid compartment leads to the accumulation of very high levels of the triterpenes squalene 
and botryococcene.   

This was assessed by the co-expression of an avian farnesyl diphosphate synthase plus a yeast squalene synthase, or a 
chimeric botryococcene synthase from the algae Botryococcus braunii.  The successful targeting of triterpene 
biosynthesis to the chloroplast has also been extended by the introduction of plastid-targeted triterpene 
methyltransferases, resulting in the efficient conversion of triterpenes to their methylated forms. Field performance of 
these plant lines is currently being evaluated.   

Because the bulk of our engineering work has been done exclusively with tobacco, a dicotyledenous species, another 
objective has been to apply our engineering approach to monocotyledonous species, which offer additional benefits to 
large-scale production platforms. Significant progress in engineering triterpene metabolism in Brachypodium distachyon 
has been achieved and will be presented. Lastly, we have been exploring engineering triterpene accumulation into 
different plant tissues with eye towards alternative harvesting and extraction technologies. For this reason, progress in 
installing this metabolism into seeds will also be presented.  

A more precise transcriptional regulatory framework for an adaptive metabolic pathway. 

Daniel J. Kliebenstein 
Professor of Plant Sciences, University of California, Davis 
A central goal of systems biology is modelling how complex systems are regulated. One of the most complex systems in 
multi-cellular biology is metabolism which exists as a large non-cell autonomous network involving reactions in diverse 



NEASPB 2015 Northeastern University, Boston MA April 11-12, 2015 
 

10 | P a g e  

cell types connected by the vascular system.  This multi-cellular aspect complicates the ability to take regulatory models 
built on cell-autonomous systems and apply them to understand how metabolic pathways are controlled. We apply 
diverse genomics tools from genome wide association mapping to high-throughput Yeast-1-hybrid (Y1H) to expand our 
understanding of how plant metabolism is regulated. 

A fundamental question we are addressing using secondary metabolites is to ask how many transcription factors can 
actually influence a metabolic pathway.  Using a high-throughput Y1H approach, we have found that the aliphatic 
glucosinolate pathway likely has >100 TFs that control the accumulation of glucosinolates at a level consistent with 
dramatic field fitness consequences. These TFs predict key biotic and abiotic influences expected to modulate 
glucosinolate content in a complex environment. These inputs were also found using a novel genome wide association 
mapping approach. This is generating unexpected observations about how “secondary” metabolic pathways are as 
central in regulatory networks as primary systems. 

One conundrum of modern systems biology theory is that it is built on an unstable hierarchical regulatory model that 
requires stabilization. In engineering, this stabilization is usually provided by feed-back regulation coming from the 
actual output. We are directly testing if defense compounds, aliphatic glucosinolates, actually have unidentified 
regulatory roles within this system. Work will be presented showing that the end products of this pathway are actually 
key regulators of core physiological and transcriptional processes and that the plant must have a complement of 
structurally specific glucosinolate sensors. 

The final question we are addressing in this project is to directly test if the aliphatic glucosinolates and associated 
genetic variation is adaptive in the field using multi-year field trials. This analysis is showing that this pathway is adaptive 
in all environments tested but that the optimal alleles change from year to year and location to location. This suggests 
that there is a high level of fluctuating selection and little local adaptation. This actually establishes a system in which 
maintaining genetic variation is actually the most fit solution. 
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ORAL ABSTRACTS 
Oral Presentation 1: A novel gene regulatory network controls phenylpropanoid metabolism in defense  

William R. Chezem, Nicole K. Clay 
Department of Molecular, Cellular, and Developmental Biology 
Yale University, New Haven CT 

 
The production of plant secondary metabolites is induced by stresses, and these metabolites have diverse bioactivities 
and chemical scaffolds. However, these metabolites are not produced under basal conditions, and their biosynthetic 
genes may be unknown. Transcription factors act as master regulators of metabolic pathways and activate entire 
pathways at once. By controlling the expression of these regulators we can explore the diversity of biosynthetic gene 
expression and metabolism that is often dormant inside the plant. 

One pathway that is attractive to engineer is phenylpropanoid biosynthesis, which is common to all land plants and 
produces the cell wall polymer lignin as well as many species- and clade-specific metabolites. In order to identify novel 
regulators of phenylpropanoid metabolism, we conducted a forward genetic screen to identify regulators of lignin in 
immunity. From this screen we identified a novel R2R3 MYB regulator of lignin biosynthesis in defense. In addition, this 
transcription factor regulates many classes of soluble phenylpropanoids, including scopoletin, hydroxycinnamic acid 
amides, and sinapate esters. An untargeted HPLC-MS analysis comparing MYB overexpressors and mutants to wild-type 
plants identified several novel MYB-dependent metabolites.  

Along with biosynthetic genes, we have identified several other transcription factors as downstream gene targets in 
immunity, which form a regulatory network to fine-tune phenylpropanoid metabolism in defense. Finally, phylogenetic 
analysis suggests that other plants produce orthologs of this MYB transcription factor to regulate clade-specific 
pathways including isoflavonoid and stilbene biosynthesis. This suggests an ancient evolutionary origin and a strategy to 
explore metabolic diversity through heterologous expression of these genes. 

Oral Presentation 2: Regulation of plant chalcone synthase by oxidation of the catalytic cysteine 
Geoffrey Liou and Jing-Ke Weng 
Department of Biology and Whitehead Institute for Biomedical Research, 
Massachusetts Institute of Technology, Cambridge, MA 
 

Flavonoids are an important class of plant secondary metabolites that play a role in many diverse functions, including UV 
protection, pigmentation for attracting pollinators, symbiotic nitrogen fixation, and defense against herbivores. 
Chalcone synthase (CHS) is conserved in all terrestrial plants and catalyzes the first committed step in flavonoid 
biosynthesis where it branches off from the general phenylpropanoid pathway. 

In all previously reported crystal structures of CHS from angiosperms, this catalytic cysteine is oxidized to sulfinic acid, 
which is thought to be inactive in catalysis. However, a crystal structure of CHS from the lycophyte Selaginella 
moellendorfii shows the catalytic cysteine in a reduced state. SmCHS appeared to be a slower enzyme than 
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euphyllophyte homologs in vitro and only partially complemented the Arabidopsis thaliana CHS null mutant tt4-2. 
Mutagenesis studies revealed active site residues that may affect the redox potential of the catalytic cysteine. 

We propose that euphyllophyte CHSs have evolved an active-site environment to enhance the nucleophilicity of the 
catalytic cysteine compared to lycophyte CHS. This leads to an enhanced catalytic rate and a tuning mechanism in 
response to the fluctuating redox environment in plant cells, allowing for diurnal regulation of metabolic flux into the 
flavonoid biosynthetic pathway or other competing pathways. This would have allowed plants to adapt to the new 
environmental stresses encountered during their move from water to land and to thrive in new ecological niches. 

Oral Presentation 3: Proteolytic regulation and macromolecular organization of phenylpropanoid-lignin 
biosynthesis  

Xuebin Zhang, Mingyue Gou, Chang-Jun Liu 
Biosciences Department, Brookhaven National Laboratory, Upton, NY 11973, USA 
Email: cliu@bnl.gov; Website: http://www.bnl.gov/biology/People/Liu.asp  

 
Phenylpropanoid biosynthesis in plant engenders a myriad of phenolics that exhibit diverse biological functions in plant 
growth, development, and plant-environmental interactions. In particular, as one of the structural components, lignin 
imparts rigidity and strength to the cell walls of plant vasculature, while lowers their degradability. Owing to the anti-
oxidative activity, some of the phenolic compounds can be potentially used for promoting human health. The 
phenylpropanoid synthesis receives a multitude of metabolic regulation. While our knowledge on the metabolic controls 
at the transcriptional level is relatively comprehensive, less is known about the molecular events underlying their post-
translational regulation and the pathway organization. To gain a comprehensive understanding of the multi-layered 
regulations of phenylpanoid-lignin biosynthesis, we adopted the conventional yeast-two-hybrid (Y2H) assay and protein 
Co-immunoprecipitation -mass spectrometry approach to dissect the potential protein-protein interactions and the 
protein complexes associated with the enzymes involved in phenylpropanoid biosynthesis. By Y2H screening and pair-
wise validation, we identified four Arabidopsis Kelch repeat F-Box (KFB) proteins, AtKFB01, 20, 39, and 50, that physically 
interact with phenylalanine ammonia-lyase (PAL), the first enzyme in the pathway, and mediate PAL's turnover via the 
ubiquitination-26S proteasome pathway. Manipulating the expression of the identified KFB proteins reciprocally affects 
the synthesis of a set of phenylpropanoid metabolites, which provides a useful tool for engineering valuable 
(poly)phenols. The Co-immunoprecipitation-LC-MS analysis, followed by bimolecular fluorescence complementation 
(BiFC) and mating-based split-ubiquitin Y2H verification let us verify several interaction events associated with three 
membrane-bound P450 enzymes in phenylpropanoid pathway. Our study did not support the direct physical interactions 
of those P450 enzymes, however, we found that two membrane-bound enzymes C4H and C3'H strongly and specifically 
interact with a lipid binding protein, which yields a unique subcellular localization pattern. The biological significance of 
such interactions for spatial and/or biochemical organization of phenylpropanoid-lignin synthesis will be discussed. 

Oral Presentation 4: Structural basis for the functional evolution of plant aromatic amino acid 
decarboxylases  

Michael P. Torrens-Spence1 and Jing-Ke Weng1,2  

1Whitehead Institute for Biomedical Research, Cambridge, MA, USA. 
2Department of Biology, Massachusetts Institute of Technology, Cambridge, MA, USA. 

 
Aromatic amino acid decarboxylases (AAADs) are derived from a group of ancient pyridoxal 5'-phosphate (PLP) 
dependent enzymes involved in amino acid metabolism. Within plants, AAADs have undergone evolutionary divergence 
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resulting in three distinct functional subfamilies annotated as tryptophan decarboxylases (TDCs), tyrosine decarboxylases 
(TyDCs) and aromatic acetaldehyde synthases (AASs). Variations in substrate specificities and catalytic mechanisms 
enable enzymes in these three functional subfamilies to catalyze key reactions in distinct specialized metabolic pathways: 
TDCs catalyze the decarboxylation of tryptophan in the synthesis of monoterpenoid indole alkaloids (vinblastine and 
quinine), TyDCs catalyze the decarboxylation of tyrosine and dopa in the production of benzylisoquinoline alkaloids 
(papaverine, codeine, morphine, and sanguinarine), and AASs catalyze the decarboxylation and oxidative deamination of 
phenylalanine in the production of aromatic volatiles (phenylacetaldehyde). 

It is clear that the physiological functions of plant AAADs are closely related to their respective activities and substrate 
specificities. However, the structural and mechanistic bases for such functional divergence within plant AADs remains 
elusive. 

Here, I present ongoing research employing phylogenetic analysis, enzymology, and structural biology to identify 
biophysical features responsible for the functional divergence among TyDCs TDCs and AASs. Results suggest that limited 
active site modifications enable individual AAAD subfamilies to catalyze either decarboxylation or aldehyde synthase 
chemistry on indolic or phenolic substrates. These minor amino-acid substitutions near the enzyme active site result in 
altered activities and consequently physiological functions. Such work serves as a well-characterized example of enzyme 
neofunctionalization necessary for the evolutionary expansion of plant specialized metabolism. 

Oral Presentation 5: The Zct1 repressor is regulated by multiple hormones and by the activator ORCA3 
in Catharanthus roseus  

Jessica Weaver1, Noreen Rizvi2, Carolyn Lee-Parsons2,3, Erin Cram1 
1Department of Biology, 2Department of Chemical Engineering and 3Depatment of Chemistry and Chemical 
Biology, Northeastern University, Boston, MA  
 

Because of their stationary existence, plants rely on swift, well-adapted responses to environmental stresses. Plants 
readily activate secondary metabolism and produce defense compounds in response to these stresses. Catharanthus 
roseus provides a relevant model for studying defense pathways as it produces numerous Terpenoid Indole Alkaloids 
(TIAs) in response to wounding or the presence of a pathogen. Furthermore, several TIAs are pharmaceutically valuable, 
most notably the anticancer drugs vincristine and vinblastine. Due to their low concentrations in the plant, these drugs 
are very expensive, and our research investigates strategies for increasing production of TIAs.  

In the last two decades, there has been steady advancement in the understanding of TIA biosynthesis, including the 
sequencing of genes, discovery of transcription factors, transcriptomic analysis under various conditions, and elucidation 
of the pathway induced by the plant hormone Jasmonate (JA). JA has been shown to initiate TIA production by inducing 
expression of a network of transcription factors, including the activator ORCA and the repressor ZCT, leading to the 
expression of the biosynthetic genes. Here, we report the sequencing and analysis of the Zct1 promoter, which contains 
several putative hormone-responsive elements. We show Zct1 is responsive to not only jasmonate, but also abscisic acid 
and gibberellin. Through promoter deletion analysis, we determined the jasmonate-responsive CGTCA (As-1)-motifs 
contribute significantly to the responsiveness of Zct1 expression to the stress elicited by Agrobacterium transformation. 
We show that ORCA3 transactivates Zct1 expression and binds directly to the Zct1 promoter, suggesting a mechanism by 
which the activation of TIA biosynthetic genes can be limited. 
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Oral Presentation 6: The molecular basis of gene by environment interaction in Arabidopsis thaliana 
David L. Des Marais 
Department of Organismic and Evolutionary Biology 
Harvard University, Cambridge, MA 
 

Individuals in natural populations vary considerably in their response to the environment. Although widely observed at 
the phenotypic level, until recently these variable responses, or Genotype-by-Environment Interactions (GEI), have been 
challenging to dissect at the molecular level. Detailed molecular work in a small number of reference genotypes has 
begun to assemble the cellular toolkit of organismal response to environmental perturbations. It remains unclear, 
however, which of these components vary in natural populations and how natural selection shapes regulatory network 
hierarchies. I present evidence from experiments which show that both cis- and trans-acting natural variants drive 
regulatory variation in the abscisic acid signaling network. First, I use transgenic analysis to demonstrate that two 
intermediate-frequency natural alleles in the AREB1 transcription factor drive different sets of downstream 
transcriptional targets in response to environmental cues. These data suggest a role for trans-acting variation in GEIs. I 
next use a population genomic approach to demonstrate that natural variation in the ABRE transcription factor binding 
motif is associated with natural variation in expression response to environmental cues. These data suggest a role for 
cis-acting variation in GEIs. Collectively, these data reveal the complex genetic architecture of plant-environment 
interaction, and suggest that natural populations contain abundant functional genetic variation in environmentally-
responsive molecular machinery. 

Oral Presentation 7: Transcriptome profiling to identify genes involved in triacylglycerol biosynthesis and 
accumulation in developing seeds of Camelina sativa 

Hesham M. Abdullah1, 2, Danny J. Schnell 3, and Om Parkash Dhankher1  

1Stockbridge school of Agriculture, University of Massachusetts Amherst, MA 01003 
2Biotechnology Department, Faculty of Agriculture, Al-Azhar University, Cairo 11575, Egypt 
3Biochemistry and Molecular Biology Department, University of Massachusetts Amherst, MA 01003   

 
Camelina sativa, an emerging non-food oilseed crop, has attracted much interest as one of the dedicated plants 
designed for biofuel and biodiesel production. Camelina seed oil represents 28-35 % of seed dry weight, and this oil 
showed high quality to be used as clean and environment-friendly source for biodiesel, in addition to its importance for 
several industrial purposes. Such valuable plant oil is suggested for large scale production and camelina itself is 
subjected to plant breeding programs toward better seed and oil qualities. However, large-scale production of such oil 
requires better understanding of the biosynthesis of triacyglycerol (TAG) and other lipid components at the molecular 
level. Here, we applied Illumina high-throughput transcriptome sequencing (RNA-Seq) for camelina seed developmental 
stages at 10-14 (Cs-14) and 16-21 (Cs-21) DAF to identify the gene expression networks associated with TAG turnover. 
RNA-Seq yielded between 46.3 – 78.9 million reads. These have been mapped against the 89,418 gene models predicted 
from the Camelina genome project. A total of 57,854 and 57,973 genes were identified (RPKM≥0.1) from Camelina seeds 
in Cs-14 and Cs-21, respectively, and many of these genes showed stage-specific gene expression. We further 
investigated the changes in gene expression as the seeds develop, and results showed that a total of 7932 genes were 
differentially expressed (log2 fold change ≥ 1.5 or ≤ -1.5 and P-value ≤ 0.05), with 4223 genes up-regulated in Cs-14 and 
3709 genes up-regulated in Cs-21. The differentially expressed genes (DEGs) were annotated, and were found to be 
involved in distinct functional categories and metabolic pathways. Our transcriptome covered almost all the Arabidopsis 
homologs genes encoding enzymes involved in fatty acid synthesis, TAG synthesis and TAG degradation as well as seed 
storage proteins, and some of these genes also showed differential expression within developing seeds. Furthermore, 
qPCR was performed for 13 selected candidate genes associated with TAG biosynthesis. Results showed temporal and 
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differential expression patterns during the seed development with strong correlation of expression abundance 
measured using both qPCR and RNA-Seq approaches. This work is highly useful toward understanding the regulation of 
TAG biosynthesis and identifying the rate-limiting steps in the pathways, providing precise selection for candidate genes 
to create improved Camelina varieties producing better oil yield and composition. 

Oral Presentation 8: Integrated transcriptomics and metabolomics decipher differences in the defence 
response of soybean leaves to Rhizoctonia foliar blight   

Tania Copley1, Aliferis, K.1, Kliebenstein, D. J.2, and Jabaji, S.1 

Department of Plant Science, McGill University, Montreal, QC, Canada1, Department of Plant Sciences, 
University of California, Davis, Davis, CA2 

To ensure optimal defence responses to phytopathogens, plants must regulate primary and secondary metabolic 
pathways to exert temporal and spatial control in effective and efficient ways, thereby minimizing damage and ensuring 
vegetative growth and reproduction.  Using an integrated approach performing RNAseq transcriptomic and NMR 
spectroscopy metabolomics analyses, we investigated the molecular and biochemical differences between soybean 
leaves infected or not with the phytopathogen Rhizoctonia solani AG-1-1A, a devastating disease causing Rhizoctonia 
foliar blight (RFB). To complete our systems biological approach, we comparatively analyzed the metabolome of infected 
and control soybean leaves to correlate gene expression patterns and metabolite profiles.  Data sets were first analyzed 
individually using standard analytical pipelines and then analyzed as integrated data sets using different normalization, 
scaling and integrative approaches. In total, 258 genes were differentially expressed in response to infection. 
Differentially expressed transcripts were linked to increases in the flavonoid, phenylpropanoid and terpenoid 
biosynthetic pathways and decreases in the photosynthesis, and sucrose and starch metabolic pathways. Metabolomic 
and integration results supported the RNAseq data by showing shifts in the primary metabolic pathways towards the 
precursors for the secondary metabolic pathways and decreases in photosynthetic products. Overall, decreases in 
metabolites belonging to carbohydrates and amino acids suggest that these compounds are redirected for biosynthesis 
of defensive secondary metabolites such as, glyceollins, cinnamaldehyde and coumarinate as implied by their increased 
transcript abundances. Our data provide valuable information that pave the way for the identification of molecular and 
biochemical biomarkers that could provide basis for advancements in plant breeding.  

Oral Presentation 9: Characterization of nitrate transporter members in plant stress response 
Fei Gao1, Sharon Pike2, Walter Gassmann2 Michael Schueller1, and Benjamin Babst1 
1 Biological, Environmental and Climate Sciences Department,  
Brookhaven National Laboratory, Upton, NY. 
2Division of Plant Sciences, University of Missouri, Columbia, MO 

NITRATE TRANSPORTER1/PEPTIDE TRANSPORTER FAMILY (NPF, formerly NRT1/PTR) members serve a number of 
different biological roles, and may respond to different stress stimuli. We will present one example involving a NPF from 
grapevine. 

Grapevine NFP3.2 was upregulated by inoculation with Erysiphe necator, an obligate biotrophic fungus in 
susceptible Vitis vinifera Cabernet Sauvignon leaves, but not in resistant V. aestivalis Norton leaves. Expression in 
Xenopus oocytes and two-electrode voltage clamp measurements showed that VvNPF3.2 and its Arabidopsis ortholog, 
AtNPF3.1, are low affinity transporters for both nitrate and nitrite and display biophysical characteristics of known NPF 
transporters.  

With an Arabidopsis triple mutant that is susceptible to E. necator, we found that AtNPF3.1 is upregulated in the leaves 
of infected Arabidopsis similarly to VvNPF3.2 in susceptible grapevine leaves. Expression of the GUS reporter gene 
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driven by the promoter of VvNPF3.2 or AtNPF3.1 in Arabidopsis indicated that both transporters are expressed in 
vascular tissue, with overlapping but spatially distinct localization in major and minor veins, respectively (Fig. 1). 
Interestingly, the VvNPF3.2 promoter caused inducible GUS expression in minor veins after PM infection. Here, we 
propose that E. necator may manipulate the host leaf into becoming a sink for nitrate to promote nutrient acquisition by 
the fungus.  

To aid in determining biological roles of NPFs, such as these, in biotic and abiotic stress conditions, we are developing 
methods to measure nitrogen transport in real-time using nitrogen-13 (13N) tracers in plants. We will present our real-
time in vivo phenotyping system, and discuss new opportunities this system offers.  

 

Figure 1: Expression of VvNPF3.2pro:GUS (left) and AtNPF3.1pro:GUS (right) in transgenic Arabidopsis leaves. 

Acknowledgements: This work was supported by United States Department of Agriculture-National Institute of Food and 
Agriculture and a Laboratory Directed Research and Development award from Brookhaven National Laboratory (to B.B.).  

Oral Presentation 10: A mutant with reduced rhamnose synthesis implicates rhamnogalacturonan-I in 
the control of cell expansion and helical twisting of epidermal cells 

Adam Saffer and Vivian Irish 
Department of Molecular, Cellular, and Developmental Biology, Yale University, New Haven, CT 

Cell walls control the shape of plant cells and consist primarily of polysaccharides including cellulose, hemicelluloses, 
and pectins, but it is unclear how each polysaccharide contributes to the biophysical properties and function of the 
cell wall. We have isolated an Arabidopsis mutant named dairy queen (dq) with reduced cell expansion in conical 
petal epidermal cells and a left- handed helical twist in both individual cells and whole petals. dq is an allele of 
RHM1, which encodes an enzyme that synthesizes UDP-L-rhamnose. dq substantially reduces levels of the pectic 
polysaccharide rhamnogalacturonan-I (RG-I) in petals and affects the response of petal development to osmotic 
stress, suggesting that dq alters the mechanical properties of petal cell walls.  Like previously studied rhm1 mutants, 
dq has abnormal cotyledon pavement cell morphology.  Although it has been suggested that the phenotypic effects 
of rhm1 mutants are caused by accumulation of non-rhamnosylated flavonols, we will present data showing that 
rhm1 mutant effects on cell morphology are flavonol independent. Rather, flavonols represent an abundant pool of 
rhamnose and blocking flavonol synthesis rescues rhm1 defects by redirecting that rhamnose to cell wall 
polysaccharides. Our data implicate a novel role for RG-I in the control of cell expansion and morphology in multiple 
organs. Furthermore, nearly all mutants with left- or right-handed spiral phenotypes affect microtubules and/or 
cellulose, and the left-handed twisting in dq petals raises the intriguing possibility that RG-I restricts the influence of 
cellulose orientation on cell shape to prevent twisting of plant cells. 
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dq petal epidermal cells are helically twisted. 

Oral Presentation 11: Role of protein phosphatase 2A in maintaining normal root growth under salt 
stress 

Megan Thompson, Getchell, K., Wang, E. and Hrabak, E.  
Department of Molecular, Cellular and Biomedical Sciences 
University of New Hampshire, Durham, NH 
 

Salinization of agricultural land is caused by irrigation practices and affects yields of many   crops.  Salt stress 
activates signaling networks that are regulated by phosphorylation.  In Arabidopsis thaliana, Protein Phosphatase 
2A is involved in responses to salt stress. The PP2A holoenzyme is a heterotrimer consisting of a scaffolding A 
subunit, a regulatory B subunit, and a catalytic C subunit.  Multiple isoforms of each subunit are encoded in the 
Arabidopsis genome. All of the A and C subunit genes are ubiquitously expressed throughout the plant’s life cycle 
with high expression near root tips.  When grown on an agar surface, seedlings with mutations in some of the PP2A 
A and C subunit genes display root skewing or curling in response to sodium- containing salts such as NaCl and 
NaNO3. These alterations in root growth occur rapidly following transfer of mutant seedlings to sodium-
supplemented agar plates.  Sodium-induced  root skewing can be phenocopied using the phosphatase inhibitor 
cantharidin.  These results indicate that Protein Phosphatase 2A is involved in maintaining normal root growth 
under conditions of sodium stress. 

Oral Presentation 12: A non-specific Lipid Transfer Protein DLP1 is post-transcriptionally regulated during 
pathogen attack and plays a role in regulating defense response and flowering time in Arabidopsis 

Nikhilesh Dhar, Syracuse University 
 

Disease related non-specific Lipid Transfer Protein1 (DLP1) gene of Arabidopsis encodes for a putative non-specific 
lipid transfer protein family of around 40 genes that are known to play a role in plant defense and are major food 
allergens in human. Here we present evidence that DLP1 is regulated by various bacterial pathogens and this 
regulation is at the post-transcriptional level. Surprisingly we have also discovered that adding a tag to either end of 
the transcript somehow stabilizes the suppression of the composite transcript but not the native DLP1 transcript. 
Work presented here shows that the dlp1 loss-of-function mutants are more susceptible to virulent bacterial 
pathogens while the ectopic expression of the N-terminal tagged GFP transcript in wild type plants enhanced the 
resistance to bacterial pathogens. 

More ever we have present evidence that DLP1 is a positive regulator of flowering time. The loss-of-function dlp1 
mutants are delayed in flowering while the ectopic expression of only the N-terminal GFP tagged plants have 
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accelerated flowering phenotype. Surprisingly the C-terminal (both GFP and GUS) tagged ectopic expression is 
delayed in flowering just like the loss-of function mutants. We also present evidence that genes involved in 
controlling flowering time response in Arabidopsis also regulate DLP1. 

Taken together, our studies will help us to better understand the role of DLP1 in plants and would also contribute to 
our fundamental understanding of regulation of the native and transgene transcript stability under the normal 
circumstance as well as during various biotic and abiotic stress responses in plants.
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POSTER ABSTRACTS 
(A1) IN VITRO SCREENING OF AERIAL PARTS OF ARTEMISIA VULGARIS FOR SOME ANTIOXIDANT, 
PHYTOCHEMICAL AND BIOLOGICAL PROPERTIES 
Mannan, A.1*, Hamad, A.1, Yameen, M.A.1, Khan, S.A.1, Haq, I.2, Hussain, I.1, and Arfan, M.3 1Department of Pharmacy, 
COMSATS Institute of Information Technology, Abbottabad 22060, Pakistan; 2Department of Pharmacy, Quaid-i-Azam 
University ,Islamabad, 45320 Pakistan; 3Department of Chemistry, School of Natural Sciences, National University of 
Science and Technology, Islamabad 46000, Pakistan. 

 
Herbal remedies are still being used today against a number of diseases. The current study was designed to investigate 
potential of different crude methanolic fractions obtained from the aerial parts of Artemisia vulgaris. Methanolic extract 
of aerial parts of Artemisia vulgaris as well as its various fractions were prepared using maceration and column 
chromatography. The antioxidant activity of crude fractions was measured by DPPH free radical assay, total antioxidant 
capacity assay, reducing power assay. In DPPH free radical scavenging assay, high percentage scavenging activity was 
shown by the fraction HA8 (82.84±3.01%) and in total antioxidant capacity assay, significant results were obtained by 
the fraction HA7 (96.25±3.29AAE/mg). The results of reducing power assay were high for the fraction HA9 (176.91±8.45 
AAE/mg). In determination of total phenolic and total flavonoid contents, the fraction HA8 showed high total phenolic 
contents (26.29±1.4µgEQ/mg) and fraction HA1 showed high total flavonoid contents (7.32±0.07µgEQ/mg). 
Antibacterial activity was performed against three bacterial strains, all fractions showed positive encouraging results 
against Bordetella bronchiseptica and Micrococcus luteus. While conducting antifungal assay by same method, the 
fraction HA2 showed highest inhibition (13.25±0.35) against Mucor species. The fraction HA1 showed high inhibition 
(11±0) against Aspergillus niger and the fraction HA2 also exhibited inhibition (8±1.41) against Aspergillus fumigates. In 
performing brine shrimp lethality assay, HA1 showed significant cytotoxic effects with LD50 of 144.94µg/ml. 
Antileishmanial activity of all fractions was statistically significant with zero percent survival of leishmania except HA8 & 
HA9 fractions.  

(From Jan 2015-Jan 2016 A. Mannan can be reached locally at WPI (amannan@wpi.edu) where he is a Fulbright Fellow 
in the Weathers lab) 

(A3) Computational and Experimental FRAP Analyses of Myosin XI-Dependent Vesicular Transport Show 
Coupling with F-actin in Polarized Cell Growth in Plants 
J.P.Bibeau1, J.L. Kingsley2, F. Furt1, Z. Chen3, X. Huang3, E. Tüzel2, and L. Vidali1 

1Departments of Biology and Biotechnology 
2Department of Physics 
3Department of Electrical and Computer Engineering 
Worcester Polytechnic Institute, Worcester, MA  
 
Polarized cell growth in plants is important for nutrient uptake, sexual reproduction, and land colonization. This highly 
asymmetrical growth process is driven by the trafficking of secretory vesicles to the site of cellular expansion. Although 

mailto:amannan@wpi.edu
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the actin cytoskeleton and its associated molecular motor myosin XI are heavily implicated in this process, little is known 
about their relative dynamics and binding properties in living cells. Here we use the tip growing cells of the moss 
Physcomitrella patens as a model system to address this problem. To investigate myosin XI dynamics and their relation 
to secretory vesicles, we use fluorescent recovery after photo-bleaching (FRAP) technique. To complement our FRAP 
experiments, a three-dimensional Brownian dynamics simulation of FRAP was used to gain further insight into the 
dynamic behavior of myosin XI and vesicles. Our results indicate that both myosin XI and the endomembrane vesicles 
exhibit a cortical actin dependent bulk flow towards the tip of growing cells.  Furthermore, we have measured the 
viscosity of the cell’s cytoplasm, as well as the diffusion coefficient for vesicles and myosin XI. Using these findings, we 
estimate that only a small proportion (~10%) of myosin XI is associated with vesicles.  Additionally, we have shown that 
diffusive species at the cell tip have an increased residence time when compared to other less confined regions in the 
cell. Taken together our experimental results and simulation data support a novel mechanism where myosin XI, 
secretory vesicles, and filamentous-actin act cooperatively to control polarized secretion and growth. 

Acknowledgements: This work was supported by the National Science Foundation (NSF MCB Award # 1253444).  

(A4) Long-Term Trends of Pine and Oak Nitrogen Metabolism (Foliar and Sapwood) in Response to 
Chronic Nitrogen Amendments at the Harvard Forest, MA 
Rakesh Minocha, Swathi A. Turlapati, Stephanie Long, William H. McDowell Subhash C. Minocha 
 
We evaluated the long-term (1995 to 2008) trends in foliar and sapwood metabolism, soil solution chemistry, and tree 
mortality rates in response to chronic nitrogen (N) additions to pine and hardwood stands at the Harvard Forest Long 
Term Ecological Research (LTER) site. Common stress-related metabolites like polyamines, free amino acids and 
inorganic elements were analyzed for control, low nitrogen (LN, 50 kg NH4NO3 ha-1 yr-1) and high N (HN, 150 kg NH4NO3 

ha-1 yr-1) treatments. In the pine stands, partitioning of excess nitrogen into foliar polyamines and amino acids increased 
with both treatments until 2002 as compared to the control. In 2005 these effects declined for HN and by 2008 they 
could only be observed for amino acids in LN plot. A significant decline in foliar Ca and P for some years (mostly in the 
HN plot) accompanied metabolic changes in polyamines and amino acids but by 2008 no such changes were observed. 
Foliar data were generally supported by the sapwood data, which also showed an increase in Ca and Mg in the HN plot 
in 2008. Concomitant with these changes, mortality data revealed a large number of dead trees in HN pine plots by 
2002; the mortality rate started to decline by 2005. Oak trees in the hardwood plot did not exhibit any major changes in 
polyamines, amino acids, nutrients and mortality rate with LN treatment indicating that oak trees were able to tolerate 
the yearly doses of 50 kg NH4NO3 ha-1 yr-1. However, HN trees suffered from physiological and nutritional stress along 
with increased mortality in 2008. In this case also, foliar data were supported by the sapwood data. Overall, both low 
and high N applications have resulted in greater physiological stress to the pine trees than the oaks.  

(A5) A complementation assay for in vivo study of protein structure-function relationships of 
Cellulose Synthase (CESA) proteins in Physcomitrella patens 
Arielle M. Chaves, Tess Scavuzzo-Duggan, and Alison W. Roberts.  
University of Rhode Island 
 
We developed a protocol to test structure-function relationships in cellulose synthase (CESA) proteins in 
Physcomitrella patens (Hedw.) Bruch & Schimp. 

We created three mutations in the CesA5 gene: Fra6, Fra6D, and FraA6G, which were transformed into the CesA5 
knockout (KO) line. CESA5 KO cannot produce normal gametophores, but transformation with an expression vector 
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containing normal CESA5 restores the ability to produce gametophores.  The empty vector served as a negative 
control, and did not restore the normal phenotype. Unmutated CESA5 served as a positive control, and restored the 
ability to produce normal gametophores. Mutated CesA5 proteins were expressed the in CesA5 knockout line to test 
their ability to rescue. 

We scored the three mutants for their ability to rescue the CESA5 KO phenotype, and performed statistical analysis. 
All proteins were designed to contain a 3XHA tag, and Western blots were performed using an anti-HA primary 
antibody to verify that all lines were expressing the full sized CesA5 protein. 

Using this assay, we were able to distinguish between fully functional, partially functional, and nonfunctional forms 
of the CESA5 protein. Fra6D was unable to produce any gametophores, Fra6 was able partially restore 
gametophore production, and Fra6G was able to fully rescue gametophore production. 

This method could be used to test the function of mutations of the cellulose synthase protein, as well as other 
proteins in Physcomitrella patens that have a visible phenotype. 

Acknowledgement: This material is based upon work supported as part of The Center for LignoCellulose Structure 
and Formation, an Energy Frontier Research Center funded by the U.S. Department of Energy, Office of Science, 
Office of Basic Energy Sciences under Award Number DE-SC0001090 

(A6) A sink enhancement as a result of flowering genes activation. Where to search for genes of sink 
regulation? 
V. Podolny 
 
A plant’s productivity is largely determined by its production of assimilates in autotrophic source organs and their 
consumption in heterotrophic sink organs. The sink activity is often the leading component of sink-source interaction. 
However, details of regulation by sink activity are only now emerging. We propose the model for studies on sink 
regulation, which was developed through the comparison of two ecotypes of hexaploid wheat: a winter ecotype with all 
recessive vernalization (vrn1, vrn1, vrn1) and photoperiodic (ppd1, ppd1, ppd1) alleles, and a spring ecotype with at 
least one allele from each genetic system present as a dominant (VRN1, vrn1, vrn1 and PPD1, ppd1, ppd1). Young 
heterotrophic leaves were considered to function as a sink, and the intensity of their growth was used as a measure of 
sink strength. 

We show that sink strengthening is the initial step in the transition to flowering for both winter and spring ecotypes. 
However, in the winter ecotype insufficient vernalization following by inductive long-day photoperiods or sufficient 
vernalization followed by non-inductive short-day photoperiods increased the growth of young leaves without induction 
spike initiation. Thus, the heterotrophic leaves are the initial target for flower inducing signals after, even, partial 
activation of vernalization’s gene. 

 If vernalization was completed and followed by inductive photoperiod’s, leaves growth increased further in parallel with 
spike formation. This can be an important advantage for any prospective model because it allows one to distinguish 
between the mechanisms of sink activation from those that include also the reproductive development. 

Enhancement of young leaves growth by low concentration GA was synergistic with the duration of vernalization and 
had no influence on reproductive development. So, again, the young leaves are the initial target for flower inducing 
signals and for growth hormone. 
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Involvement of flowering genes in control of sink activity can help to find other genetic participant of the regulatory 
chain that connect sink and source organs. Participation of other regulators of transcription in the stimulation of young 
leaves growth and in the transition to flowering and the physiological significance of sink strengthening to transition to 
flowering are discussed. 

(A7) The roles of enzyme promiscuity and evolvability in metabolic evolution 
Olesya Levsh1,2, Kimberley Reynolds3, Rama Ranganathan3, and Jing-Ke Weng1,2 
1Whitehead Institute for Biomedical Research, Nine Cambridge Center, Cambridge, MA 02142, USA 
2Department of Biology, Massachusetts Institute of Technology, Cambridge, MA 02139, USA 
3Green Center for Systems Biology and Department of Pharmacology, University of Texas Southwestern Medical Center, 
Dallas, TX 75390, USA 
 
‘Textbook’ enzymes are often portrayed as being perfected molecular machines that convert specific substrates to 
products via defined catalytic mechanisms. However, many enzymes are promiscuous; in fact, in plant specialized 
metabolism, high-fidelity catalysis seems to be the exception rather than the rule. While factors such as active site 
flexibility have been implicated in promiscuity, there has been no rigorous characterization of what constitutes a 
promiscuous enzyme. Statistical coupling analyses of the promiscuous plant BAHD acyltransferase family and its high-
fidelity homologous acyltransferase family in mammalian primary metabolic systems reveal a fundamental difference in 
active site evolution between these two systems. While the active site of the mammalian acyltransferases consists of a 
large set of co-evolving residues, the active site of the plant BAHD acyltransferases is almost entirely decoupled from 
this co-evolving network. This observation suggests an additional set of biophysical and evolutionary constraints present 
in the high-fidelity system but absent in the promiscuous one. Here, I present ongoing research using alanine-scanning 
mutagenesis as a tool to study the positional contribution of each amino acid to enzyme catalytic efficiency, promiscuity, 
and stability. For this purpose, I have developed systems for high-throughput mutagenesis, protein expression and 
purification, as well as assays for catalytic activity and protein folding behaviors using the plant hydroxycinnamoyl-CoA 
shikimate/quinate hydroxycinnamoyl transferase (HCT) as a model enzyme. By comparing the promiscuous 
acyltransferases in plant specialized metabolism with their high-fidelity counterparts in mammalian primary metabolism, 
I aim to interrogate the mechanistic interplay between enzyme promiscuity an evolvability in shaping the evolutionary 
trajectories of metabolic systems during organismal evolution. 

(A8) ELUCIDATION OF THE BIOSYNTHETIC PATHWAY OF THE PLANT NATURAL PRODUCT GALEGINE 
Timothy R. Fallon1,2*, Fu-Shuang Li.1, and Jing-Ke Weng1,2 

Whitehead Institute for Biomedical Research1, Cambridge MA 
Department of Biology2, Massachusetts Institute of Technology, Cambridge MA 
 
Plants produce a panoply of specialized metabolites as a evolutionary strategy. Humans have exploited this fact for 
milennia, with plants being an essential source of medicines, dyes, flavors and fragrances. Despite this, the enzymes and 
pathways underlying the biosynthesis of most specialized metabolites remain unknown. Modern '-omics' approaches 
provide powerful tools for elucidation of molecular pathways in non-model organisms. One such non-model organism, 
French Lilac (Galega officinalis), is a medicinal plant that was used in medieval Europe to treat diabetic-like symptoms. 
The plant produces large amounts (0.1-0.3% dry weight) of the specialized guanidine metabolite galegine. 
Administration of galegine produces acute reductions in blood glucose levels, enabling control of insulin-resistant type II 
diabetes.  Galegine was used briefly in the 1920s as a clinical treatment for diabetes, but side-effects from its toxicity, 
the development of insulin, and the development of less-toxic guanidine-containing therapeutic compounds led to its 
eventual disuse. Nevertheless, the structural and mechanistic similarity of galegine to the front-line type II diabetes drug 
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Metformin (Glucophage) has ensured its continued study. Despite galegine’s relevant medicinal properties and simple 
yet unusual chemical structure, its biosynthetic pathway remains unknown. Interestingly, galegine biosynthesis seems to 
have independently arisen at least four times in phylogenetically distant species of poisonous plants. Here we report 
preliminary results from an integrated approach combining metabolomics, enzymology and genomics aimed at 
elucidating the biosynthesis of the specialized yet relatively pervasive plant specialized metabolite galegine. 

Acknowledgements: This work was supported by the Pew Charitable Trusts. Jing-Ke Weng is a Pew Scholar.  The authors 
thank Valentina Carballo for her excellent management of the greenhouse.  

(A9) Total Synthesis of δ-lactone of tetrahydroxyhexacos-2-enoic acid and its analogs: Diastereo-
divergent asymmetric synthesis to syn-1,3-polyol nature product 
Jiamin Zheng; George O’Doherty 
Department of Chemistry and Chemical Biology, Northeastern University,  
Boston, Massachusetts 02115, United States 
 
Polyketide natural products are a broad class of compounds with diverse structural features and biological activities. 
They are often chiral and exist in enantiomerically pure form, containing more than one stereogenic centers. During the 
synthesis of the polyketide natural products, these centers can be either derived from nature’s chiral pools or from 
resolution of racemic mixtures. Alternatively, the synthetic chemists are interested in exploring the asymmetric catalysis 
approach for the construction of stereochemical polyketide natural product libraries as the installation stereochemistry 
into the achiral starting materials. 
 
Our work with the Cryptocaryols A and B engendered our interest in the diastereo-divergent asymmetric synthesis of δ-
lactone of tetrahydroxyhexacos-2-enoic acid (Figure 1), which was isolated from the ground part of Eupatorium pilsoum 
(Figure 2). A short and versatile route to the 1,3-triol/pyranone has been explored from the achiral hexadecanol, 
including the installation of all the stereocenters in five steps via Evan’s acetal formation and Leighton’s allylation. This 
diastereo-divergent route allows us for the facile synthesis of isomers and more analogs, like 1,3-tetraol/pyranones or 
with more hydroxyl groups. A stereochemically diverse structure activity relationship profiles of the compounds is also 
developed for cytotoxicity against cancer cell lines, e.g. MCF-7, H460.  
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Figure 1: δ-lactone of tetrahydroxyhexacos-2-enoic acid diastereomers 
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Figure 2: Picture of Eupatorium pilsoum 

Acknowledgements: We are grateful to NIH (GM090259) and NSF (CHE-1213596) for financial support of this research 
and Dr. Roger Kautz for NMR analyses. 

(A10) A new class of cyanogenic metabolites in Arabidopsis linked to pathogen defense 
Brenden Barco1, Jakub Rajniak2, Elizabeth S. Sattely2, and Nicole K. Clay1 
1Department of Molecular, Cellular, and Developmental Biology, Yale University, New Haven, CT, 06511, USA  
2Department of Chemical Engineering, Stanford University, Stanford, CA 94305, USA 
 
Plant secondary metabolites, both constitutive and pathogen-inducible, have recently been shown to be involved in 
controlling several evolutionarily conserved plant innate immune responses, such as callose deposition and programmed 
cell death. Despite advances in understanding the contribution of plant secondary metabolites to plant immunity, many 
such genes and pathways remain uncharacterized in the best-studied model plant species Arabidopsis thaliana. Starting 
with the biosynthetic pathway of camalexin, the major Arabidopsis secondary metabolite against fungal necrotrophic 
pathogens, we used co-expression analysis, expression profiling, and untargeted metabolic profiling to uncover the 
complete biosynthetic pathway to a previously unknown class of cyanogenic indole metabolites in Arabidopsis. Unlike 
camalexin which is produced across the Camelineae, the production of this cyanogenic indole class is likely to be genus-
specific. In addition, enzymes catalyzing the first committed steps of the novel cyanogenic indole and camalexin 
biosynthetic pathways are encoded by paralogous cytochrome P450 genes, suggesting that an evolutionary mechanism 
of gene duplication and subsequent neofunctionalization lead to pathway divergence. The cyanogenic indole metabolite 
acts non-redundantly with camalexin in disease resistance against the hemibiotrophic bacterial pathogen Pseudomonas 
syringae and the necrotrophic fungal pathogen Alternaria brassicicola. These findings show that the Arabidopsis 
chemical defense response consists of a cocktail of functionally overlapping but chemically distinct, constitutive and 
pathogen-inducible secondary metabolites, and that new paralogous pathway enzymes may serve as drivers of chemical 
diversity in plant secondary metabolism. 

(A11) Silencing the transcriptional repressor ZCT1 does not further increase alkaloid biosynthesis in 
jasmonate-induced hairy root cultures of Catharanthus roseus 
Noreen Rizvi1, Erin Cram2, Carolyn Lee-Parsons1,3 
Departments of 1Chemical Engineering, 2Biology, and 3Chemistry and Chemical Biology 
 
The medicinal plant, Catharanthus roseus, is the source of pharmaceutically valuable anticancer alkaloids, vincristine 
(VCR) and vinblastine (VBL). These alkaloids are produced only in C. roseus and at extremely low levels (0.0002 wt%). 
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Due to their low levels, the isolation of these compounds is both laborious and costly, ranging from $4 to $60 million/kg. 
Despite these barriers, these alkaloids have been effectively used to treat cancer for over 50 years. 

The biosynthesis of VCR and VBL is not entirely known but involves at least 35 intermediates and 30 enzymes. In an 
effort to increase VCR and VBL, key enzymes in the C. roseus biosynthetic pathway have been overexpressed but this 
strategy has proven unsuccessful since the enzymatic bottleneck is shifted downstream. However, transcription factors 
regulate multiple genes in the pathway and therefore engineering their expression may potentially increase the overall 
flux through the network and lead to increased production of the desired compounds.  

Here, we study key transcription factors involved in regulating multiple alkaloid biosynthetic enzymes. Since ZCT1 (Zinc 
finger Catharanthus transcription factor) is a known repressor of alkaloid biosynthetic enzymes, we established stable C. 
roseus hairy root cultures with estrogen-inducible Zct1-silencing through RNA interference (RNAi). The results of 
silencing this key repressor and implications in alkaloid biosynthesis in C. roseus were studied. Levels of Zct1 decrease 
with estradiol treatment, and importantly, Zct1 induction with plant hormone methyl jasmonate (MJ) is overcome by 
estradiol silencing. Zct1-silencing however, did not further increase alkaloid biosynthesis in MJ-elicited hairy roots.  

(A12) Silencing RNAs of Fusarium graminearum might play an important role in its pathogenicity on wheat 
Aravind Galla§, Yongbin Zhuang§, Yinjie Qiu, Subha Dahal, Anjun Ma and Yang Yen*  
Department of Biology and Microbiology, South Dakota State University 
§These authors have made equal contribution to this work. 
*Corresponding author: 249c SNP, Box 2140D, Brookings, SD 57007; Phone: 605-688-4567; E- mail: 
yang.yen@sdstate.edu. 
 
Fusarium graminearum causes Fusarium head blight, a devastating disease on wheat. Mycotoxin deoxynivalenol (DON) 
is a type B trichothecenes, an epoxy-sesquiterpenoid acts in establishment and spread of the disease. In this study, we 
explored the role of silencing RNAs in DON biosynthesis pathway by knocking down DCL2 with inverse repeat 
transgene method. Our data shows that DON biosynthesis genes Tri4, Tri6, Tri10 and Tri14 are significantly down 
regulated and Tri5 is silenced in the dcl2- mutant. Wheat spikes inoculated with the dcl2- mutant also showed a 
significant less DON content in the kernels. Though the growth and morphology of the dcl2- mutant remains 
unaffected in culture, it grows much slower and causes much less FHB than the wildtype in planta. These results 
indicate that pathogenesis of F. graminearum may be regulated by siRNAs, though the exact mechanism of the 
regulation remains to be elucidated. 

(A13) A Novel γ-Glutamyl Cyclotransferase Involved in Glutamate Recycling Protects Plants from 
Oxidative Stress via Enhanced Glutathione Homeostasis 
Rakesh Kumar1, 2, Bibin Paulose1, and Om Parkash Dhankher1, 2 
1Stockbridge school of Agriculture, University of Massachusetts Amherst, MA 01003, USA; 2Plant Biology Graduate 
Program, University of Massachusetts Amherst, MA 01003, USA 
 
Glutathione (GSH) is a principal antioxidant that protects plant cells from reactive oxygen species regenerated due to 
biotic and abiotic stress conditions. The two-step synthesis of GSH involves the synthesis of gamma-glutamylcysteine 
from L-glutamate and cysteine catalyzed by the enzyme gamma-glutamylcysteine synthetase and finally the addition of 
glycine to the C-terminal of gamma-glutamylcysteine in the presence of glutathione synthetase enzyme. GSH is oxidized 
into glutathione disulfide (GSSG) when the thiol group of cysteine donates a reducing equivalent (H++ e−) to other 
unstable molecules, such as reactive oxygen species (ROS). GSH can be regenerated from GSSG by the 
enzyme glutathione reductase (GSR). A γ-glutamyl cycle that involves GSH synthesis, degradation and recycling known as 

mailto:yang.yen@sdstate.edu
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GSH homeostasis, requires the action of an array of enzymes and is extremely important for plant survival in stress 
conditions. The enzyme γ-glutamyl cyclotransferase (GGCT) is involved in GSH degradation and glutamate recycling, and 
the gene(s) encoding GGCT has recently been identified in plants (Paulose et al., 2013; The Plant Cell 25: 4580–4595). 
Our lab has previously shown that an Arabidopsis thaliana protein with a cation transport regulator-like domain 
functions as γ-glutamyl cyclotransferase (GGCT). We have identified three GGCT homologs identified in A. thaliana 
genome. Overexpression of GGCT2;1 in A. thaliana showed an increased level of 5-Oxoproline accumulation, and 
enhanced arsenic and cadmium tolerance. Our work showed that GGCT2;1 efficiently recycled glutamate that ensures 
sufficient GSH turnover during biotic and abiotic stresses which requires GSH conjugation as a tolerance mechanism. 
Analysis of A. thaliana plants over-expressing GGCT2;1 also showed strong tolerance to mercury, a potent inducer of 
oxidative stress via ROS generation. Further analysis of GGCT2;1 plants for improved tolerance to oxidative stress caused 
as result of various abiotic stress such as high salt, drought and cold is in progress. These results suggests that GGCT2;1 
and its homologs in plants holds great potential for improving crop productivity under abiotic stresses by manipulating 
the γ-glutamyl cycle. 

Keywords: Glutathione, γ-glutamyl cyclotransferase, glutamate, 5-Oxoproline, oxidative stress 

(A14) Effects of Cerium and Indium Oxide Nanoparticles on Antioxidant Enzyme System and Nutrient 
Displacement in Arabidopsis thaliana  
Chuanxin Ma1, Hong Liu1, Craig Musante2, Jason C. White2, Baoshan Xing1 and Om Parkash Dhankher1 
1Stockbridge School of Agriculture, University of Massachusetts, Amherst, MA 01003, USA 
2Department of Analytical Chemistry, The Connecticut Agricultural Experiment Station, New Haven, CT 06504, USA 
 
Rare earth elements (REEs) nanoparticles (NPs) have been widely applied in various products such as polishing agents, 
cosmetics and catalyst. As the demands and use of nanoproducts increased annually, the released NPs could inevitably 
cause a series of environmental problems. In this study, the effects of cerium oxide (CeO2) and indium oxide (In2O3) NPs 
exposure on Arabidopsis thaliana were investigated. Our previous study has already demonstrated that CeO2 NPs could 
induce several folds of MDA, an important indicator for plant’s response to stresses. Histochemical staining for H2O2 and 
O2

.- in root and shoot of NPs treated Arabidopsis at 7 and 21 days showed that ROS production level was higher at high 
concentrations of NPs exposure, indicating oxidative stress might occur in plants. In order to fully understand defense 
system of A. thaliana to both NPs exposures, altered antioxidant enzyme activities, which are able to scavenge reactive 
oxygen species (ROS) induced by both NPs were measured at 250 and 1000 ppm treatments. Except superoxide 
dismutase (SOD), several antioxidant enzymes were highly induced to defend nanotoxicity. These antioxidant enzymes 
include catalase (CAT) and ascorbate peroxidase (APX), both of which mainly contribute to destructing ROS; 
phenylalanine ammonialyase (PAL), polyphenol oxidase (PPO) and peroxidase (POD), which are involved to secondary 
metabolism in plants; glutathione S-transferase (GST) and glutathione reductase (GR), involved in sulfur assimilation and 
metabolism, were significantly induced at CeO2 NPs exposure.  

Effects of NPs on nutrient uptakes in Arabidopsis were also measured by ICP-OES. Concentrations of P, Zn, K, and Mn in 
both shoots and roots of Arabidopsis were decreased at 1000 ppm of CeO2 NPs treatment. Compared to control group, 
there were no nutrient displacements found in In2O3 NPs treatments, except for Mn whose level was found lower at 
1000 ppm. Interestingly, both Ce and In NPs inhibited the levels of Fe in roots of Arabidopsis. Considering the 
importance of Fe in chlorophyll biosynthesis, expression of genes encoding iron related transporters such as IRT, FRO 
and FER in 1000 ppm NPs treated Arabidopsis were quantified using qRT-PCR. Up-regulations of IRT and FRO were 
exhibited in both Ce and In treated samples at 6 and 96 hrs. However, no significant change was observed on FER 
expression in both NPs treatments. These studies will be highly useful in understanding the fate, transport, and toxicity 
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of manufactured NPs in the agricultural crops and to further develop strategies for mitigating the toxicity of these NPs in 
food crops. 

(A15) Cyclic Nucleotide Gated Cation Channels 2 and 6 Behave Similarly in a Signaling             Cascade 
Allowing Thermotolerance 
Keila Garrido and Gerald Berkowitz 
Department of Plant Science 
University of Connecticut, Storrs, CT 
 
Plants have thermotolerance signaling pathways that can aid them with respond to high temperature stress. These 
thermo sensors are a part of a signal cascade that leads to increased expression of heat shock proteins as a mechanism 
to tolerate high temperature.  This work uses Arabidopsis thaliana plants as a model system to study thermotolerance.  
Priming, is a higher than ambient temperature that initiates the thermotolerance signaling cascade. Heat shock is a high 
temperature that causes injury or death if the priming doesn’t facilitate thermotolerance. Cyclic Nucleotide Gated 
Channels, (CNGCs) are conducting calcium channels that are implicated in numerous signaling pathways. Calcium is an 
important signal that is involved in the thermotolerance signaling cascade. The hypothesis for this experiment is that 
CNGC isoforms 2 and 6 behave similarly in a signaling cascade to facilitate priming to enhance thermotolerance in 
Arabidopsis thaliana plants. Mutants that lack CNGC genes for producing the heat shock proteins are thermosensitive. 
This experiment involves working with wild type Arabidopsis and mutant plants. We will compare their phenotype under 
high temperature stress. 

Acknowledgements:  The laboratory of Dr. Gerald Berkowitz is supported by the National Science Foundation. 

(A16) NEW APPROACHES FOR OPTIMIZING SOMATIC EMBRYO YIELD IN LOBLOLLY PINE CULTURES 
Elizabeth M. Cummings1, Anthony Swanda2, Susan C. Roberts1 

1Department of Chemical Engineering, University of Massachusetts Amherst, Amherst, MA 
2Weyerhaeuser Company, Federal Way, WA 
 
Many industries, including agriculture and healthcare, require efficient methods for replication of plants with optimal 
traits. The loblolly pine (Pinus taeda), is a valuable crop in the timber industry, occupying 30 million acres of U.S. land, 
and Weyerhaeuser is working to consistently produce a crop with ideal phenotypic traits, including superior growth and 
wood quality. One method to large-scale clonal crop propagation is somatic embryogenesis (SE), the process through 
which a single cell differentiates in vitro to form a germination-competent embryo. There are three stages of growth and 
development that lead to the production of embryos: 1) embryonic suspensor masses (ESMs) are grown and scaled up in 
maintenance cultures; 2) ESMs are plated on solid media where they might undergo SE; and 3) embryos are isolated and 
germinated to generate plants. However, the process is not fundamentally understood, leading to large, unpredictable 
variability in embryo yield, a number only determined 8-12 weeks downstream of SE initiation. To improve yield 
statistics and more efficiently use resources, we seek biomarker(s) to identify successful cultures in the earliest stage of 
development. In this work, we quantified important extracellular proteins identified from other SE systems, and 
compared with embryo yield by developing and optimizing new assays. For example, an antiquated assay for total 
arabinogalactan protein (AGP) was updated to a faster, more quantitative method, and ELISAs were designed using 
antibodies against important AGP fractions. Using these results we are developing a multiscale engineering approach to 
create favorable culture conditions for superior embryo production. 
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(A17) EFFECT OF DIFFERENT TYPES OF DRYING ON QUALITY AND POSTHARVEST CONSERVATION OF 
ARTEMISIA ANNUA L. 
Cervezan, T.C.M.¹, 2,*, Weathers, P.J.², Towler, M.J.2, Broetto, F.³, Figueira G.M¹, Rabonato, A.C.¹, and Desrosiers, M.R. 2 

¹Divisão de Agrotecnologia  do CPQBA/UNICAMP, Campinas, SP – Brasil. ²Department of Biology & Biotechnology - 
Worcester Polytechnic Institute, Worcester, MA, USA., ³ Universidade Estadual Paulista “Julio de Mesquita Filho” 
(Energia na Agricultura). Departamento de Engenharia Rural (FCA/UNESP), Botucatu, SP- Brasil. *thacmc@yahoo.com.br 
 
Artemisia annua L. is an herbaceous plant (Asteraceae) of Asian origin. Its leaves contain artemisinin, a sesquiterpene 
lactone featuring an endoperoxide group of fundamental importance in the treatment of malaria. Because of this 
potential antimalarial, this species has been investigated to improve the production of the molecule and maintain the 
quality of compounds of interest in the post-harvest period. Inadequate procedures during post-harvest may trigger 
oxidation reactions, hydrolysis, attacks of micro-organisms, etc. affecting the physical-chemical and biological 
characteristics of plants and hence the active ingredient. The drying process after post-harvest is particularly important 
since many studies have reported that artemisinin content increases significantly with incidence of direct solar radiation 
in the pre-drying plant. As there are few reports on the action of post-harvest drying on the metabolism of A. annua, we 
evaluated the contents of monoterpenes, flavonoids, artemisinin (ART), deoxyartemisinin (deoxyAN), arteannuin B (AB), 
dihydroartemisinic acid (DHAA), artemisinic acid (AA), and antioxidant capacity of leaves subjected to four different 
types of drying treatments: full sun, shaded, oven at 28°C, and Conviron at 15°C for 30 days. The experiment was 
conducted in field in Campinas/SP - Brazil. Analysis of ART levels, deoxyAN, AB, DHAA, AA, monoterpenes, and 
flavonoids were made at WPI. Knowing that the metabolic content in the leaves of A. annua varies depending on soil 
and weather conditions, it was found that different drying treatments had significant effects on monoterpene content 
(α-pinene, camphor, and eucalyptol) and flavonoids (two-fold increase). ART, deoxyAN, AB, DHAA, AA are now being 
analyzed. 

Acknowledgements: CAPES, WPI, CPQBA (Centro de Pluridisciplinar de Pesquisas Química, Biológicas e Agronômicas), 
UNESP (Universidade Estadual Paulista “Julio de Mesquita Filho”). 

(A18) Controlling aggregate size distributions in plant cell culture to optimize product yields 
Sarah A. Wilson, Shashank N. Maindarkar, Michelle C. McKee, Michael A. Henson, Susan C. Roberts 
 
A key challenge of plant cell culture production systems is the presence of cellular aggregates due to incomplete 
separation of cells during division. Aggregates can range in size from 50-2,000 µm, leading to a heterogeneous culture 
due to the presence of diffusion limitations and differences in shear exposure. In Taxus suspension cultures, smaller 
aggregates have been shown to accumulate higher levels of the anticancer compound paclitaxel. To reduce aggregate 
size in Taxus suspension cultures, a mechanical shearing method was developed through pipetting of a culture through a 
serological pipette. By applying a constant level of mechanical shear at different times throughout the growth phase of a 
culture, aggregate size was reduced by up to 400 µm when compared to an unsheared culture, without having an effect 
on biomass accumulation. Although the mean aggregate size of the sheared culture was successfully reduced, the mean 
aggregate size of both the sheared and unsheared populations fluctuated unpredictably over eight generations of cell 
growth. To gain better control over the aggregate size distribution, a population balance equation model was developed 
to determine the optimal amount of shear necessary to reach a target distribution. The model was successfully utilized 
to shear a diversity of cultures from varying cell lines, cell densities and starting aggregate size distributions to the same 
target aggregate size distribution. This model is now being used in practice to control the aggregate size distribution of a 
culture, with the ultimate goal being a reduction in culture variability and increased paclitaxel accumulation levels. 
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(A19) Investigating the Effect of Secondary Metabolites on Bioavailability of Artemisinin from Dried 
Leaves of Artemisia annua Using Simulated Digestion and Caco-2 Monolayers.   
M. DESROSIERS1, P.J. Weathers1.  100 Institute Road, Dept. of Biology and Biotechnology, Worcester Polytechnic 
Institute, Worcester, MA 01609.  Email: mrdesrosiers@wpi.edu ; weathers@wpi.edu  
 
Treating and preventing malaria has proven difficult in developing countries due to lack of infrastructure and economic 
hardship. Recently, treatments using orally consumed dried leaves of Artemisia annua (pACT) have shown promise. 
Previously, using a simulated human digestion model, we showed that various dietary constituents such as common fats 
and grains can alter artemisinin levels in the liquid digestate fractions when ingested with the dried leaves. Here we use 
the same simulated digestion method, to determine the effect of common protein-rich dietary constituents on liquid 
digestate artemisinin levels. Digestion with two protein-rich dietary constituents, peanut butter and dried milk, 
decreased artemisinin levels in the liquid digestate by 33% each. However, pure protein alone was not sufficient to 
reduce artemisinin bioavailability. A previous study also showed that capsules either made from gelatin or 
hydroxypropyl methylcellulose (HPMC) can reduce the amount of artemisinin in liquid digestate when digested with 
dried A. annua leaves. Here, we also investigated the effects of two other types of capsules made from the 
polysaccharide, pullulan, and chemically altered HPMC on dried leaf digestion and found that compared to 
unencapsulated dried leaves, neither capsule altered artemisinin levels in liquid digestates. In another earlier study using 
mice, oral consumption of A. annua dried leaves yielded >40 times more artemisinin in the serum than orally consumed 
pure artemisinin. We also used a Caco-2 model of the intestinal epithelium to determine if secondary metabolites found 
in A. annua increased artemisinin transport across the intestinal border thereby affecting bioavailability. Cells were 
grown in 12 well plates on cell culture inserts for 3 weeks to allow for differentiation into mature enterocytes before 
experiments were performed. Although intestinal digestates of dried A. annua leaves increased the transport of 
artemisinin across the intestinal monolayer however, neither of the flavonoids quercetin or rutin, altered artemisinin 
transport.  Similarly, neither of the phenolic acids studied, rosmarinic and chlorogenic acids, altered artemisinin 
transport.  Ongoing experiments are investigating the effect of other secondary metabolites, such as methoxylated 
flavonoids, kaempferol and eupatorin, carbohydrates such as inulin, monoterpenes such as camphor, and intestinal 
digestate from a glandless A. annua cultivar that produces no artemisinin and little flavonoids.  Taken together these 
results will help explain the enhanced bioavailability of artemisinin when delivered from dried leaves vs. as the pure 
drug. 

Acknowledgements: The authors thank Capsugel® for providing various capsule types for testing as well as Dr. Melissa 
Towler and Prof. Jill Rulfs of Worcester Polytechnic Institute for help with GC-MS analysis and cell culture, respectively. 
We are also grateful for Award Number NIH-R15AT008277-01 from the National Center for Complementary and 
Integrative Health. The content of this report is solely the responsibility of the authors and does not necessarily 
represent the official views of the National Center for Complementary and Integrative Health or the National Institutes 
of Health. 

(A20) Starch Analysis in Betula populifolia and Populus spp. in an Abandoned Urban Brownfield 
Ariel Flood 
Advisor: Dirk Vanderklein PhD  
Montclair State University 
Department of Biology 
 
The primary energy storage molecule in Betula populifolia and Populus spp. is starch and starch allocation into different 
tissues throughout the year can determine the health of deciduous trees. Environmental stress including heavy metal 
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and other toxic contaminants in soils alter the normal starch trends in the different tissues of trees.  This study assesses 
how starch production and storage in B. populifolia and Populus spp. roots, twigs and leaves is altered in trees growing 
in an urban brownfield over the course of a year. Starch production among the two species is significantly different 
(p=0.0006) with Populus spp. producing almost twice as much starch as B. populifolia. While heavy metals in soils lead to 
higher starch in B. populifolia the opposite trend was seen in Populus spp. leaves. The difference in starch between the 
two species indicates different responses to metal stress which may in turn account for variations in species dominance 
where there is more or less metal pollution.  

(A21) Characterization of the Arabidopsis ALF3 gene and the determination of its role at the interface of 
metabolism and defense 
Zolj, S., Vaughn, D., Pieck, M., Ocampo, L., and Celenza, J.L. 
Department of Biology 
Boston University, Boston, MA 
 
Auxin is a plant hormone that participates in all aspects of plant growth and development. Recent studies also implicate 
auxin in suppressing innate immunity. For example, auxin was found to be protective against HR-induced plant cell 
death initiated by a bacterial type-III secretion system and auxin was shown to promote susceptibility to Pseudomonas 
syringae. Previously we identified a dominant Arabidopsis thaliana mutant, alf3-1 (aberrant lateral root formation 3), 
whose primary and lateral roots die unless the growth medium is supplemented with auxin. We have now found that 
the ALF3 gene encodes an uncharacterized TIR domain protein. Because characterized TIR domain proteins have been 
shown to function in plant innate immunity, we hypothesize that the alf3-1 is a gain-of-function mutation that causes an 
HR-like cell death in roots in the absence of a pathogenic trigger. Consistent with this model, the alf3-1 mutant causes 
an 8-fold increase in the lignin precursor, coniferin and has increased flavonoid production. In addition, we found that 
expression of the salicylic acid (SA)-responsive PR1 gene is elevated >20-fold in alf3-1 compared to WT while expression 
of pdf1.2 and CYP79B2, genes that are regulated by jasmonic acid, was not altered in the alf3-1 mutant. These 
phenotypes are also reversed by IAA, consistent with IAA’s proposed role in suppressing innate immunity. Future goals 
of this project will be to better characterize the alf3-1 phenotype metabolically and transcriptionally and also determine 
the phenotype of an alf3-1 insertion mutation.  

(A22) CELLULOSE SYNTHESIS IN PHYSCOMITRELLA PATENS AND ITS ROLE IN OSMOTIC STRESS 
Mai Tran1 and Alison Roberts1 

1Department of Biological Science 
University of Rhode Island, Kingston, RI 
 
Cellulose synthesis has been extensively studied in the model vascular plant Arabidopsis thaliana, yet many aspects of 
this process are not understood in nonvascular plants. To understand more about cellulose synthesis in nonvascular 
plants, Physcomitrella patens expression profiles of cellulose synthase (CESA) were examined using RT-qPCR and 
promoter::βglucuronidase reporter constructs.  Results revealed that PpCESAs are predominately expressed in the 
gametophore.   

Cellulose deposition in protonema is dramatically increased under osmostic stress induced by supplementing the culture 
medium with mannitol.  Previous studies have shown that cellulose deposition decreases under osmotic stress in 
Arabidopsis.  Opposing responses to osmotic stress may be due to differences in water uptake and drought tolerance 
mechanisms, given that mosses are poikilohydric and vascular plants are homeohydric. Based on public microarray data 
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(Cuming et al 2007, New Phytol, 176(2), 275-287), PpCESA6, PpCESA7, and PpCESA8 are hypothesized to be responsible 
for the upregulation of cellulose deposition in response to osmotic stress.  

Knockout (KO) mutants of PpCESA6, PpCESA7, and/or PpCESA8 were constructed to test the prediction that they are 
required for enhanced cellulose deposition under osmotic stress.  No significant differences were found in ppcesa8KO, 
ppcesa6/7KO and wildtype protonemal tissues when analyzed for cellulose deposition under mannitol induced osmotic 
stress using CBM3a affinity cytochemistry.  Osmotic stress tolerance has been tested through high salinity treatment.  
Cesa6/7ko lines, but not cesa8ko have reduced salinity tolerance compare to wildtype P. patens.  No significant 
differences were found in PpCESA gene expression under osmotic stress, suggesting that PpCESAs are translationally 
regulated. 

This material is based upon work supported as part of The Center for LignoCellulose Structure and Formation, an Energy 
Frontier Research Center funded by the U.S. Department of Energy, Office of Science, Office of Basic Energy Sciences 
under Award Number DE-SC0001090 and by National Science Foundation Award IOS-1257047.  

(A23) IMPACT OF PLANT DEFENSES AND THE HEMLOCK WOOLLY ADELGID ON A NATIVE FOREST 
DEFOLIATOR  
Claire M. Wilson,1 Justin Vendettuoli,1 David A. Orwig,2 Evan L. Preisser1 
1Department of Biological Sciences,  
University of Rhode Island; Kingston, RI, USA 
2Harvard Forest, Harvard University;  
Petersham, MA, USA 
 
Plants are vulnerable to simultaneous or sequential attack by herbivores. The activation of defense pathways alters 
foliage quality for subsequent attackers. Insects from distinct feeding guilds attack eastern hemlock (Tsuga canadensis), 
a widespread and ecologically important tree in the eastern United States. The introduction of the hemlock woolly 
adelgid (Adelges tsugae; HWA) in the 1950s has caused widespread hemlock decline. The hemlock looper (Lambdina 
fiscellaria) is a native chewing lepidopteran that was linked to the mid-Holocene hemlock decline. The hemlock looper 
and woolly adelgid are likely to co-exist on the landscape. We assessed the performance of hemlock looper on HWA-
infested eastern and Carolina hemlock (T. caroliniana). We also reared larvae on foliage gathered from a rare tree that 
appears resistant to the adelgid. To examine preference, larvae were presented with multiple foliage types in 
bioassays. Larvae reared on the HWA-resistant foliage gained 3.7 times more weight, pupated earlier and nearly twice as 
often as the average larva across the other treatments. In a preference experiment, larvae presented with uninfested 
and HWA-resistant foliage consumed more HWA-resistant foliage. Differences in looper maturation and preference are 
likely due to varying foliage quality driven by activation of defense pathways in the plant. In HWA-resistant trees, the 
salicylic acid pathway is likely up-regulated, which would reduce allocation toward the jasmonic-acid pathway that 
negatively impacts looper. This difference would explain enhanced looper development on HWA-resistant foliage. 
Exploring the interaction between an exotic and native insect herbivore enhances understanding of past and future 
pressures faced by hemlock. 

(A24) MICROFLUIDIC ENCAPSULATION OF LIVING PLANT PROTOPLASTS: A NEW METHOD FOR 
EXPLORING THE  BIOPHYSICAL ENVIRONMENT OF INDIVIDUAL PLANT CELLS. 
Grasso, M.S.;  and Lintilhac, P.M. 
Dept. of Plant Biology,  
The University of Vermont, Burlington, VT 
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Although there has recently been an increased interest in the biomechanical inputs to the developmental process, the 
methods available for their study at the single cell level are not well developed. In this project we describe a method for 
encapsulating individual plant protoplasts in hydrogel microbeads, facilitating the handling of individual cells and the 
manipulation of their mechanical environment.   

Protoplasts of tobacco BY-2 suspension culture cells were prepared by typical enzymatic methods and re-suspended in a 
supplemented M. & S. growth medium.  The suspended cells were then streamed into a 4-channel droplet generating 
chip (Dolomite microfluidics Inc.) where they were first merged with a stream of warm low temp agarose and then into a 
droplet forming junction fed by two continuous streams of light mineral oil where they formed a stream of aqueous 
microdrops suspended in the flowing oil phase. The microdrops were collected in cooled mineral oil where they gelled, 
forming microbeads which were then transferred back into culture medium by centrifugation.  

Microfluidic technology makes possible the rapid production of consistently sized hydrogel beads containing living cells. 
In our case we generate a stream of 40 – 60 micron diameter agarose beads, 25 % of which may contain living 
protoplasts.  Filtration with a nylon mesh removes coalesced microbeads and microbead aggregates. Microbead size was 
consistent among droplets which did not coalesce. Cells were encapsulated with good viability and went on to grow and 
divide, eventually bursting out of their encapsulating matrix.  Future work will focus on improving yield and consistency. 

 

 

(A25) Effect of roots on artemisinin and flavonoid production in shoots of Artemisia annua 
S. WANG1, M.J. Towler1, P.J.Weathers1 
Departments of Biology and Biotechnology, Worcester Polytechnic Institute, Worcester, MA 
Email: swang6@wpi.edu or weathers@wpi.edu  
 
Artemisinin is a potent antimalarial sesquiterpene lactone produced and stored in the glandular trichomes (GLTs) of 
Artemisia annua. Although they produce no artemisinin, nor any of the precursor compounds, A. annua roots appear to 
have a regulatory effect on production of the terpene in leaves. However, more information is needed to define the role 
of the roots in artemisinin production in the plant. We used grafting among three cultivars to measure phenotypic 
responses: SAM, and #15 cultivars both have GLTs, but produce artemisinin at 1.4 and 0.8% DW, respectively; GLS 
cultivar produces neither GLTs nor artemisinin. Compared to ungrafted plants, all self-grafts, e.g. SAM/SAM 
(scion/rootstock), increased scion artemisinin probably from grafting stress. SAM/#15 grafts yielded less artemisinin 
than SAM/SAM, but more than either #15/#15 or ungrafted #15 and SAM suggesting rootstock inhibition of the scion. 
SAM/SAM also had more artemisinin than #15/SAM, which was also greater than either #15/#15 or ungrafted #15 and 
SAM. The #15/SAM graft also produced more artemisinin than SAM/#15, and with the other grafting results suggested 
that SAM roots were stimulating artemisinin production in the #15 scion. There was no appearance of either GLTs or 

mailto:swang6@wpi.edu
mailto:weathers@wpi.edu
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artemisinin when GLS scions were grafted to SAM indicating that GLTs had to be present to receive putative signals from 
SAM rootstocks. Furthermore, artemisinic acid and arteannuin B were only present in SAM scions and not scions of #15 
suggesting a block in one of the side pathways of artemisinin biosynthesis. Other artemisinic metabolites, total 
flavonoids, and GLTs numbers were also measured. The various phenotypes were analyzed several months after grafting 
indicating a persistent change and suggesting a possible epigenetic alteration of the scion. This study will provide 
fundamental information regarding the role that roots play in the production of artemisinin in the shoots of A. annua. 

Acknowledgements: This work was supported in part by the National Institutes of Health (NIH-2R15GM069562-03) and 
Worcester Polytechnic Institute (WPI)  

(A26) Arbuscular Mycorrhizhal Fungi indirectly promotes P. syringae growth 
Rondy J Malik, Tom Ashfield, Roger W. Innes, James D. Bever 
Indiana University 
 
Trophic interactions can have both positive and negative effect on host plant. Arbuscular mycorrhizhal fungi (AMF) 
promotes plant growth which can lead to pathogen exploitation. Soybean were inoculated with various species of AMF 
and grown for up to a month under greenhouse conditions. After a month of growing in the greenhouse, Pseudomonas 
syringae pv. glycinea was infected into leaf tissue of soybean. A growth curve was performed to assess whether or not 
AMF root colonization affects P. syringae accumulation in soybean leaf tissue. It was uncovered that P. syringae 
accumulation is greatest when AMF root colonization has occurred. This suggests that AMF colonization indirectly 
affects Pseudomonas syringae pv. glycinea accumulation. 

(A27) HERBARIA GENETICS - TEMPORAL SHIFT IN THE COMPOSITION OF NEW ENGLAND CHICORY 
POPULATIONS 
Závada, T. 1*, Malik, R.J. 2, Chang, B. 3 and Kesseli, R.1   
1Biology Department, University of Massachusetts Boston, Boston, MA  
2Biology Department, Indiana University, Bloomington, IN 
3Biochemistry Department, Boston College, Chestnut Hill, MA 
 
The flora of New England consists of both native and non-native species. Nonindigenous plant species have been 
introduced since first Europeans landed in North America in the 15th century. Mehrhoff (2000) estimates that of the 
approximately 3,000 vascular plants that comprise New England's flora, about a thousand are non-native plant species, 
200 of which can be considered invasive. The introduced plants were grown for food, forage, seasonings, and would 
often escape from cultivated fields. 

Cichorium intybus (chicory), native to Eurasia, was recorded on North American continent in 1774, quickly spread and 
became naturalized in the United States.  This study used cpDNA and 12 microsatellites in order to assess the temporal 
genetic shift between herbarium specimen, and contemporary chicory populations in New England. We analyzed 84 
herbarium chicory specimens and 18 current chicory populations (228 individuals in total). Three cpDNA haplotypes 
revealed multiple subsequent introductions of chicory even into the same area. Temporal nuclear data showed a shift in 
the genetic composition – 16 out of 18 current chicory populations belong to a different genetic cluster than herbarium 
specimen collected previously in the corresponding locality.  Several recent studies showed the changes in New England 
floral composition over the past couple hundred years and were linked to the climate change. Our data indicate that 
intraspecific genetic changes contributed to the success of this nonnative species.  
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(A28) Combating zinc deficiency in humans through understanding zinc transport in plants 
Car, S., Lee, J., and Guerinot M.L. 
Department of Biological Sciences, Life Sciences Center, Dartmouth College, Hanover, NH 
 
Zinc is an essential micronutrient that serves as a critical cofactor for myriad of proteins. Given the diverse roles of zinc, 
it is not surprising that zinc deficiency has detrimental effects on the health of an organism. Zinc deficiency in humans 
compromises the immune system, gastrointestinal function, neurobehavioral development, and reproductive outcome. 
Unfortunately, it is estimated that more than two billion people worldwide suffer from zinc deficiency. Because plants 
are the major source of human dietary zinc, one strategy to reduce the incidence of zinc deficiency is the biofortification 
of food crops. However, for this strategy to be successful, it is imperative to fully understand how plants acquire, 
sequester, and distribute zinc. 

Metal transporters of the ZIP family play an important role in zinc homeostasis in plants. In particular, ZIP2 and ZIP5 are 
Arabidopsis plasma membrane transporters expressed in the epidermal layer of roots and are thus good candidates for 
zinc uptake from soil. Because single knock out mutants of these genes do not exhibit any phenotypes related to zinc, 
we suspected they might have a redundant function, and created a zip2zip5 double mutant. When grown on zinc 
deficient medium, this mutant accumulates less zinc in its shoots. However, when grown on high zinc medium, zip2zip5 
is more sensitive to high levels of zinc and exhibits extreme chlorosis of older leaves (Fig. 1), suggesting that ZIP2 and 
ZIP5 may play a dual role in zinc homeostasis in plants. We further characterized this interesting phenotype using ICP-
MS, SXRF, and statistical DOE. 

 

Figure 1: zip2zip5 plants are more sensitive to excess zinc compared to wild type plants 
 

(A29) EXPLORE THE STRUCTURE ACTIVITY RELATIONSHIP OF RESIN GLYCOSIDE VIA THE DE NOVO 
SYNTHESIS OF BOTH ENANTIOMERS OF BATATINOSIDE III 
Li, M1; Liu, X 1; O'Doherty, G, A. 1 
Department of Chemistry and chemical biology1,  
Northeastern University, Boston, MA USA 
 
Batatinoside III is a natural product isolated from Sweet potato (Ipomoea batatas). It belongs to the resin glycoside 
family of natural products. The resin glycosides are characterized by a hydrophilic polysaccharide and hydrophobic lipid 
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subunits, which gives their amphiphilic property. Often the carbohydrate and aglycon subunits are tied together in a 
macrolactone, which bridges more than one sugar.  

The ionophoretic activity of the resin glycosides has been attributed to its amphiphilic structure. In addition, many resin 
glycosides have shown promising anticancer and antibacterial activity. As the ion binding activity associated with the 
resin glycosides should be identical for each enantiomer, we hypothesize that the correlation between 
anticancer/antibacterial activity with ionophoretic activity could be uncovered by synthesizing and testing enantiomers 
of a resin glycosides. Because the synthetic difficulties, typically this sort of enantio-divergent structure activity 
relationship studies are not performed in oligosaccharide settings.  

In this regard, we recently developed a highly stereoselective synthesis of Batatinoside III. This de novo asymmetric 
approach required only 20 longest linear steps and only two protecting groups. Our latest efforts aimed at the synthesis 
and biological evaluation of both enantiomers of Batatinoside III (Fig. 1) will be presented.  
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Figure 1: Batatinoside III (left) and ent-Batatinoside III (right) 

Acknowledgements: This work was supported by the National Science Foundation (NSF CHE-1213596). 

(A30) Discovery of novel natural products from a sustainable plant cell culture library 
Greg Andrews, Vanessa Bartolo, James Fargnoli, Sergey Savinov, Jennifer Normanly, Elizabeth Vierling, Susan Roberts 
 
The Plant Cell Culture Library (PCCL) at UMass Amherst is the largest known collection of living cultured plant materials 
in the world. A generous donation from Monsanto in 2014, the PCCL is comprised of nearly 3,000 species, representing 
56% of plant orders. Many of the representative plant species have been exploited for centuries in traditional medicine 
by numerous cultures, including the Native Americans and Chinese. The biological activity of these plants can be 
attributed to the presence of “secondary” or “specialized” metabolites; small molecules produced by plants, often in 
response to a stress from the environment. The PCCL offers a rich source of novel molecules with potential applications 
as therapeutics, nutraceuticals and fragrances. 

The current focus of research on the PCCL is two-fold: 1) to develop a long-term storage and maintenance protocol for 
the expansive collection and 2) to develop a high-throughput screening platform for a wide range of biological activities.  
We have evaluated hundreds of species in the collection with respect to their ability to tolerate cold storage conditions 
in order to reduce labor and supplies costs for long-term maintenance and to enable rapid scale-up for experimentation.  
Results thus far indicate that the majority of species can be stored at 4°C without a visual change in phenotype or 
reduction in growth.  High-throughput screening of the PCCL for biological activity is predicated on the development of 
efficient methods for the culturing, extraction and analysis of plant cultures. The goal is to generate extracts that can be 
saved and used in screens for varied activities, such as antimicrobial and antifungal. We will discuss progress and plans in 
this area including the use of elicitation strategies to produce novel chemical entities with unique biological activities.   
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(B1) Detrimental biocontrol agents: Larinus planus and Rhinocyllus conicus and the attractive floral 
volatiles emissions of endangered Cirsium pitcheri  
Christopher Warneke1,2 Jennifer Dawood3 Pati Vitt2 Nina Theis3 and Kayri Havens2  
1Northwestern University, 2Chicago Botanic Garden, 3Elms College 
 
Abstract: Cirsium pitcheri (Pitcher’s thistle) is an endangered species of thistle native to the Great Lakes dunes. One of 
the developing threats to this species is pressure on seed production by at least two weevils, Larinus planus and 
Rhinocyllus conicus, both of the family Curculionidae (Coleoptera). These weevils were introduced or distributed in 
North America as biocontrol agents to control weedy thistles, but have also demonstrated harm to native, endangered 
thistles such as C. pitcheri. In order to evaluate if these weevils are attracted to the floral volatile emissions released by 
the native thistles, we determined the floral volatile bouquet of C. pitcheri. Fragrance samples were collected from two 
Wisconsin field sites – Whitefish Dunes State Park, and Ship Canal Nature Preserve. Dynamic headspace sampling was 
used to collect fragrance from unopened flower heads with weevils, unopened flower heads without weevils, unopened 
flower heads with weevils introduced, mostly male flower heads, mostly female flower heads and a developmental 
stage equally represented by male and female flowers. These samples were then run on a GC-MS and analyzed using 
Chemstation software. Over 40 compounds were detected including a diversity of aromatics containing nitrogen such as 
benzyl nitrile and indole, and both monoterpenoids and sesquiterpenoids. We found a number of compounds that 
distinguish unopened flower heads from those with open flowers; however, there were fewer candidate compounds 
that distinguish between heads with weevils and without weevils. These data will be used to design future experiments 
to determine the attraction of these weevils to Pitcher’s thistle. 

(B2) Regulation of carbon flow through MEP pathway 
Bibin Paulose, University of Massachusetts 
 
Monoterpenes are used as building blocks for fragrances, flavors, pharmaceuticals and other fine chemicals. They also 
hold great potential as fuel additives. Monoterpenes are synthesized in plastids, and their precursors are synthesized by 
the 2-C-methyl-D-erythritol 4-phosphate (MEP) pathway. In order to enhance the precursor supply, four genes in the 
MEP pathway were overexpressed in Camelina. We used stable isotope labeling to estimate the carbon flow through 
MEP pathway in vector control plants and a homozygous T3 line. The plants were grown in an enclosure that contained 
13CO2 for four weeks. Then atmospheric air, which contained 12CO2 was allowed to enter the chamber. Green parts of 
the plants were harvested at 5, 15, 45, 180 and 360 minutes after opening the chamber. MEP pathway intermediates 
were extracted and the isotopic pools were analyzed by LC-MS/MS. The early intermediates, particularly 1-deoxy-D-
xylulose 5-phosphate (DXP), reached saturating proportions of 12C even at the first time point indicating a rapid 
turnover. A higher rate of 13C disappearance from MEP was observed in the transgenic line as compared to vector 
control indicating a higher turn over in the transgenic line. However, the turn over rate of MEcPP was similar in vector 
control and transgenic plants. The analysis showed that MEcPP is involved in regulation of the MEP pathway. 

(B3) Engineering an alternate carbon fixation pathway as a bypass for photorespiration 
Matthew Mattozzi1,2, Jeff Way1,2, Pam Silver1,2 
1Wyss Institute for Biologically Inspired Engineering, Harvard University, Boston, MA 02115  
2Department of Systems Biology, Harvard Medical School, Boston, MA 02115 
 
The most common carbon dioxide fixation pathway, the Calvin cycle, depends on the slow enzyme Rubisco (kcat ~ 3/sec), 
and has a competing reaction with oxygen.  Land plants and cyanobacteria make up for this activity by overexpressing it; 
in some environments it can make up to 30% of the protein by mass (Ellis 1979).  The process is oxygen-sensitive; 
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Rubisco is usually sequestered into organelles. Chloroflexus aurantiacus lives commensally in hot springs, and fixes 
carbon with a unique bicyclic pathway that is insensitive to oxygen and potentially faster (Zarzycki et al 2009). Through 
metabolic engineering techniques we previously expressed the 13 heterologous enzymes constituting the pathway in E. 
coli.  

A bypass of photorespiration with the 3-hydroxypropionate pathway shows some promise for increasing biomass 
production via photosynthesis.  This pathway not only recovers some of the toxic glyoxylate produced, but also includes 
an additional carbon fixation step.  Preliminary tests of engineering the pathway into cyanobacteria have shown a small 
increase in growth rate, and in competition tests the engineered cells outcompete their wild-type parents.  These cells 
have implications toward increased industrial biomass production and CO2 sequestration. 

In addition, we have begun to express this pathway as a bypass for photorespiration in plants. We have devised a novel 
alternative-splicing based technology to minimize the size of transgenes for expression in multiple plant organelles.  
With gene-gun transformed plants expressing GFP, we have shown that we can direct transgenes to either the 
chloroplast, the peroxisome, or both organelles.  We have used this technology with a partial Chloroflexus 
photorespiration bypass pathway.  Initial tests are showing that the engineered plants grow faster than their wild-type 
parents, potentially having implications toward faster-growing agricultural plants. 

(B4) VirF ENCODED BY NOPALINE STRAIN OF AGROBACTERIUM TUMEFACIENS IS A FUNCTIONAL F-BOX 
PROTEIN IN PLANT CELLS 
Benoît Lacroix, Vitaly Citovsky. 
Stony Brook University, Department of Biochemistry and Cell Biology, Stony Brook, NY 11794-5215 
 
During Agrobacterium-mediated genetic transformation of plants, several bacterial proteins are translocated into the 
host-cell, and facilitate the T-DNA transfer and integration by interacting with the host cell machinery. For example, the 
Ti-plasmid of octopine strains of Agrobacterium tumefaciens encodes VirF, a virulence protein that functions as an F-box 
protein in the plant cell. Indeed, octopine VirF is able to activate the plant ubiquitin-proteasome pathway and to target 
for degradation at least one host-plant protein: VirE2-interacting-protein 1 (VIP1). 

It was suggested by several previous studies that there is no functional virF in Agrobacterium nopaline (such as C58) 
strains; however, a gene showing significant homology to octopine virF is present in the Agrobacterium C58 genome. 
The role of F-box proteins in the ubiquitin-proteasome degradation pathway is to bridge interaction between SKP1-like 
proteins and one or several target proteins. Our experiments demonstrated that nopaline VirF interacted with several 
Arabidopsis SKP1-like (ASK) proteins, via its putative F-box domain. Moreover, it was functional as an F-box protein in 
plant cells, suggesting a potential role during the infection process. Unlike the octopine VirF, C58-VirF did not interact 
with VIP1 and might have different target proteins in plants. 

(B5) Visualization of real-time cytosolic Ca2+ elevation using a plant expressing a novel optogenetic Ca2+ 
sensor 
Yi Ma, University of Connecticut 
Ca2+ is a ubiquitous secondary messenger involved in numerous signal transduction pathways. In plants, ligand binding 
to a cognate pattern recognition receptor (PRR) (such as flg22-FLS2, elf18-EFR, brassinosteroid (BR)-BRI1, CLAVATA3 
(CLV3)-CLV1 and (Plant Elicitor Peptide) Pep-PEPR binding) triggers a cytosolic Ca2+ spike that is required for initiation of 
downstream signaling cascades. Detection of cytosolic Ca2+ elevation in plant cells has been monitored using Genetically 
Encoded Ca2+ Indicators (GECIs) such as Aequorin, Yellow Chameleon (YC3.6) and the GFP-Aequorin fusion protein. 
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GCaMP, another GECI used in neuroscience has been optimized for its background fluorescence, dynamic range and 
signal-to-noise ratio. GCaMP is the fusion of circularly permutated GFP, calmodulin (CaM), and the CaM binding peptide 
M13. GCaMP was fused with cell membrane ion pumps and used to examine localized Ca2+ generation in microdomains 
surrounding these membrane proteins in animal cells. 

We subcloned GCaMP5 into a plant transformation vector with either a 35S or a Ubiquitin10 promoter. When the 
cytosolic Ca2+ is at a basal level, GFP fluorescence is hardly detected. After ligand induction, increased cytosol Ca2+ binds 
to GCaMP, giving rise to bright GFP fluorescence; these changes can be visualized. We observed Ca2+ induced 
fluorescence in protoplasts transiently expressing GCaMP5 after cold stimulation, Pep, flg22 and elf18 induction. 
Transgenic plants expressing GCaMP will also be examined using laser scanning confocal microscopy to detect the origin 
(i.e. plasmamembrane or endomembrane) of Ca2+ spikes induced by different ligands. We are also constructing GCaMP-
receptor fusion proteins to investigate whether Ca2+ generation occurs in localized receptor microdomains. GCaMP 
differs from YC assays in that it is a single-protein fluorescence assay instead of FRET, which makes experimental 
conditions easier to manipulate. GCaMP will become another useful and important tool for live- cell Ca2+ detection in 
plants. 

(B6) The B-class genes in maize: targets and timing in floral development 
Pubudu P Handakumbura1, Ted Hudgens1, Clinton Whipple2, Courtney Babbitt1, Madelaine Bartlett1. 
1 Biology Department, University of Massachusetts Amherst, MA2 Biology Department, Brigham Young University, Provo, 
UT 
 
The B-class MADS box genes are deeply-conserved regulators of second and third whorl (stamen) development in the 
flowering plants. This functional conservation does not help to explain the incredible morphological diversity observed in 
angiosperm flowers. The targets and interactors of the floral MADS box genes, including the B-class genes, present likely 
candidates in the search for the molecular underpinnings of diversity. We have been investigating the genome-wide 
roles of the maize B-class gene sterile tassel silky ear1 (sts1) using RNA-Seq and ChIP-Seq. Our experiments have begun 
to reveal a complex transcriptional regulatory network centered around the B-class MADS box genes in maize.  

(B7) The Chemical Structure of Sporopollenin 
Fu-Shuang Li and Jing-Ke Weng 
Whitehead Institute for Biomedical Research, 9 Cambridge Center, Cambridge, MA 
 
Sporopollenin is a ubiquitous biopolymer in land plants, which composes the outer wall of spores and pollen. 
Sporopollenin is extremely resistant to physical, chemical, and biological degradation, therefore protects the vulnerable 
genetic materials enclosed in spores and pollen from various biotic and abiotic stresses in the challenging terrestrial 
environments. Despite its importance, the detailed chemical structure of the sporopollenin polymer and how it is 
biosynthesized in vivo remains largely unknown. We developed a series of new protocols including ball-milling, whole 
polymer acetylation, degradation by mercaptans, small molecule and whole polymer NMR, which allowed us to study 
the detailed chemical structure of sporopollenin. Under ethyl mercaptan degradation, we identified p-
hydroxybenzaldehyde and  p-coumaric acid as possible building blocks of sporopollenin, while trace amounts of 
naringenin and hydroquinone were also found for the first time to be covalently linked to sporopollenin. Interestingly, 
sporopollenins from gymnosperm and angiosperm species exhibit conserved and distinct features in their whole 
polymer NMR spectra. This result suggests that the polymerization process of sporopollenin is probably highly regulated, 
and major divergence in sporopollenin biosynthesis have occurred in gymnosperms and angiosperms. 
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(B8) Quantitative real time PCR analyses reveal changes in the soil nitrifier and denitrifier bacterial gene 
copy numbers in long-term N- amended sites of Harvard Forest, MA, USA 
Swathi A Turlapati1, 2, Rakesh Minocha2, Karen Sweeney1, 2, Louis S. Tisa3, and Subhash C. Minocha1 

1Department of Biological Sciences, University of New Hampshire, Durham, NH 03824, USA 
2USDA Forest Service, Northern Research Station, Durham, NH 03824, USA 
3Department of Molecular and Cellular Biomedical Sciences, University of New Hampshire, Durham, NH 03824, USA 
 
The changes in population densities of the bacterial N-cycling genes were studied in response to two decades of N 
amendment in the soil organic and mineral horizon at Harvard Forest, MA. Quantitative Real Time Polymerase Chain 
Reaction (QPCR) analyses were used to evaluate changes in copy numbers of ammonia monooxygenase (amoA) gene 
representing the nitrifier community and nitrite reductase (nirS) along with nitrous oxide reductase (nosZ) genes from 
denitrifier community. Thirty soil samples (3 treatments x 5 subplots per treatment x 2 soil horizons) were collected in 
September 2009 from untreated control, low N (LN, 50 kg of NH4NO3 ha-1 year-1), and high N (HN, 150 kg of NH4NO3 ha-1 
year-1) plots. Relative to the controls gene copies were higher in HN mineral soil for amoA and in LN organic soil for nosZ. 
Soil total C, NO3- and NH4+ were found to positively influence the amoA gene abundance in mineral soil. Total N and Mg2+ 
were found to be positively correlated to mineral soil nirS genes. The amoA and nirS sequences cloned from these soils 
matched closely with genera; Nitrosospira (amoA) and Pseudomonas (nirS). Oligotyping analysis conducted with the 102 
amoA clone sequences from this study identified 52 different oligotypes; 30 of these were unique to HN-organic and 19 
to HN-mineral soils with only 3 being common to both horizons. This revealed distinct nitrifier communities for organic 
and mineral horizon.  

(B9) Forward genetics screen of suppressors of fah1-10 to identify negative regulators of the plant 
phenylpropanoid pathway 
Bobokalonova A., Weng JK, Departments of Biology and Biological Engineering 
Whitehead Institute for Biomedical Research, MIT, Cambridge, MA 
 
The phenylpropanoid pathway in plants synthesizes a rich variety of metabolites including flavonoids, 
hydroxycinnamates, pigments, fluorescent UV protectants, and the three monomers of lignin: p-hydroxyphenyl (H), 
guaiacyl (G), and syringyl (S). As the most abundant aromatic plant polymer on Earth, lignin constitutes 30% of fixed 
carbon in plants and provides structural support, aids in water transport, and provides a defense mechanism through its 
durability. The enzyme F5H coded by the FAH1 gene is key in diverting carbon flux from G to S lignin biosynthesis, as 
well as to sinapoylmalate, a major sinapate ester accumulated at the epidermal cells of Arabidopsis leaves. 
Sinapoylmalate shields the plant from UV damage, and fluoresces green under UV light, allowing for easy visual 
screening. Mutations in the fah1 gene therefore result in down-regulation of both S lignin in vascular tissue and 
sinapoylmalate accumulation in leaves, producing a redder reduced epidermal fluorescence (ref). A forward genetic 
screen on the fah1-10 background revealed suppressor of fah (sof) mutants with recovered fluorescence, which we 
characterized through genetic and biochemical techniques. The combined system approach of genomics and 
metabolomics reveals connections in the differential metabolic flux network and traces these links to unique causal SNPs, 
which provide potential mechanistic bases for the sof mutants. 
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Figure 1: Sof mutants demonstrate recovered ref phenotype with comparison to fah1-10 (top left) when observed 
under UV light. 

(B10) EFFECT OF MYCORRHIZAE ON ARTEMISININ AND FLAVONOID PRODUCTION IN ARTEMISIA ANNUA. 
 
Fortin, S., Melchert, V., Weathers P. J. Department of Biology and Biotechnology, Worcester Polytechnic Institute, 
Worcester, MA 01609; E-mail: safortin@wpi.edu; vrmelchert@wpi.edu; weathers@wpi.edu 
 
Malaria is a life-threatening disease that is prevalent in tropical areas, leaving more than half of the world’s population 
at-risk. Although Artemisinin Combination Therapy (ACT) is recognized by the WHO as an effective malaria treatment, 
the low yields and difficulty associated with purifying artemisinin, a sesquiterpene lactone with antimalarial properties 
found only in the plant Artemisia annua L., make the cost for malaria therapy too burdensome for people in the affected 
developing nations. This project expanded upon prior research by exploring the symbiotic effects of mycorrhizae, a root 
fungus, on A. annua in hopes of increasing the artemisinin and flavonoid content in the plant to lower the costs of anti-
malarial treatments. To accomplish this, a high producing A. annua cultivar, SAM from the Weathers lab, was grown in 
two types of soil, one seeded with spores of the mycorrhizal fungus, Glomus intraradices, to determine whether a 
further increase in biomass, flavonoids, and artemisinin could occur. Plants grown in mycorrhizal soil only experienced 
an increase in root biomass when grown from cuttings and stem biomass when grown from tissue culture. There was no 
significant increase in flavonoid or artemisinin content. Interestingly, compared to plants grown from rooted cuttings, 
plants derived from tissue culture and grown in the different test soils produced substantially less artemisinin. 
Ultimately, this research is beneficial in providing insight into the ability of the arbuscular mycorrhizae G. intraradices to 
colonize the SAM cultivar at WPI. The differences in biomass, flavonoid, and artemisinin between plants grown from 
cuttings and tissue culture suggest that there is perhaps a signal or specific mechanism that results in mycorrhizal 
colonization in this particular cultivar of A. annua that should be further studied. 

Acknowledgements: We thank WPI for funding our study and Dr. Melissa J. Towler for technical advice and assistance 
with the GCMS for artemisinin analysis. 

mailto:safortin@wpi.edu
mailto:vrmelchert@wpi.edu
mailto:weathers@wpi.edu


NEASPB 2015 Northeastern University, Boston MA April 11-12, 2015 
 

42 | P a g e  

(B11) Transformation of Soy (Glycine max) for Heightened Expression of the SIZ1 Gene 
Tim DeMarsh, Thien Luu, and Dr. Peiyu Zeng 
 
SIZ1 is a member of the PIAS family of proteins.  One of this enzyme’s functions is to act as an E3 ligase, conjugating 
small ubiquitin-related modifiers (SUMOs) to various substrate proteins as part of the process called sumoylation.  
Sumoylation alters the chemical conformation and function of substrate proteins, affecting their interactions with other 
cellular constituents and their resultant physiological roles.  At the molecular level, sumoylation affects myriad 
biochemical processes, ranging from DNA repair and regulation of the cell cycle to signal transduction, nuclear transport, 
and modification of transcription factor activity.  Constitutive expression of the SIZ1 gene in transgenic creeping 
bentgrass (Agrostis stolonifera L.) has been demonstrated to result in more robust growth and higher levels of 
photosynthetic activity than are seen in non-transformed controls; heightened SIZ1 expression also results in increased 
levels of adaptive response to stressors including elevated ambient temperatures, drought conditions, and phosphate 
deprivation.  With the current experiment, Agrobacterium tumefaciens is being utilized to transform soy (Glycine max) 
with an additional copy of the endogenous SIZ1 gene; the aim is to develop improved soy cultivars whose elevated 
expression of SIZ1 will result in increased resilience under such stress conditions as are increasingly experienced during 
the cultivation of this economically important plant. 

(B12) Generating a Novel Soybean (Glycine max) Cultivar with Resistance to Nematode Infection and 
High Performance in Adverse Conditions by Overexpressing Cysteine Protease Inhibitor 1 
Luu, T., DeMarsh, T., and Zeng, P. 
State University of New York College of Agriculture and Technology at Cobleskill, Natural Sciences & Mathematics 
Department, Cobleskill, NY. 
 
Unique proteases secreted by pathogenic organisms have been identified to play important roles in these organisms’ 
pathogenesis. These proteases allow pathogenic organisms to invade host organisms, re-appropriate host nutrients, and 
evade host immune systems. Among these peptidases, cysteine proteases have been identified as the most important 
players in the parasitic infection of plants. Cysteine protease inhibitors have been shown to be the most effective 
compounds produced by plants to help them prevent the infection by pathogenic microorganisms. Overexpression of 
soybean cysteine inhibitor 1 (GmCPI1) in Arabidopsis significantly enhances its resistance to pest infection. Excessively 
expressing GmCPI1 has resulted in the increase in the performance of transgenic Arabidopsis under many adverse 
conditions, such as drought and high salinity. In this project, we are attempting to use develop novel soybean cultivars 
that overexpress GmCPI1 by using Agrobacterium mediated plant transformation method. Such cultivars will potentially 
show increase resistance to pest infections and other unfavorable conditions. This research may provide a promising 
strategy to improve the pest resistance of other economically important plants and food crops, as well as increase their 
performance under adverse conditions, resulting in increasing crop yields. 

(B13) Development and Identification of Soybean Plants with an Increased Tolerance to Osmotic Stress 
Emily Norton1, Amanda Rhodes2, Peiyu Zeng PhD3, Linda McMaster-Schuyler PhD4 
Biotechnology Program1,2, Associate Professor of Natural Sciences & Mathematics3, Professor of Natural Sciences & 
Mathematics4 
State University of New York, Cobleskill, NY 
 
Choline oxidase A is an enzyme in the two-step oxidation reaction of choline to glycine betaine, an osmoregulator. As a 
cell is subjected to osmotic stress such as an increase in salinity, glycine betaine accumulates in the cell’s cytoplasm to 
modulate the salt concentration. This maintains the cell’s water homeostasis, preventing the cell from bursting.  
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Soybeans, in particular, are sensitive to soil salinity and low producers of glycine betaine. Furthermore, soybeans are the 
most planted crop in the United States right behind corn and make up 90% of the country’s oilseed crops.  Since 
soybeans are so economically important to the United States, it would be beneficial if soybeans were able to increase 
their glycine betaine production.  

To increase glycine betaine production in soybeans an expression system was engineered to express the gene for choline 
oxidase (cox) from Arabidopsis thaliana which is governed by the constitutive corn ubiquitin promoter. In our 
experiment, Agrobacterium tumefaciens is being used to insert this expression system into soybeans by the 
cotyledonary node method.  

(B14) Production of Decaffeinated Tea through Genetic Engineering 
Laura Van Beaver, University of New Hampshire 
 
With more research published recently indicating potential adverse effects of caffeine on human health, there is a 
growing market for decaffeinated tea. The current industrial methods used to extract caffeine from tea leaves result in 
tea deficient in taste, aroma, and nutrients.  Genetic manipulation of the synthesis of caffeine in the common tea plant, 
Camellia sinensis, provides a solution to this matter. The primary enzyme responsible for caffeine biosynthesis in tea is 
caffeine synthase (CS). The gene responsible for coding this enzyme has been previously cloned and characterized. The 
objectives of our research are to use this information to produce CS knockout and knockdown plants where the 
production of caffeine will be largely eliminated or reduced. Furthermore, it is envisioned that reduction of caffeine will 
concomitantly increase the accumulation of its precursors like theophylline and theobromine, whose physiological 
effects are opposite of caffeine. The experimental approach involves genome-editing, antisense RNA and iRNA 
techniques, producing a plant with all of its original taste, flavor and aroma. The plants could be further propagated by 
cloning or by seed production. 

(B15) Assessing the effects of RNA-interference on C. roseus hairy root cultures 
Caroline Webb, Noreen Rizvi, Erin Cram, and Carolyn Lee-Parsons 
 
The Catharanthus roseus plant produces valuable pharmaceutical compounds, called alkaloids, currently used for the 
treatment of several different types of cancer. Two specific alkaloids of interest are vincristine and vinblastine, which are 
produced in very low concentrations in the plant. This makes them very expensive due to their low yield and high cost of 
extraction and purification. The high demand for these drugs and their limited natures makes C. roseus an excellent 
target for genetic engineering to increase the pharmaceutical output of this plant. Recently, our lab has developed an 
optimized method for Agrobacterium-mediated genetic transformations. This method is being used to silence key 
repressors of alkaloid production. We are silencing the repressor proteins by inducing RNA-interference (RNAi) in the 
genetically transformed cultures. 

Since both alkaloid production and RNAi in C. roseusare activated through a defense response, we need to understand 
the effects of RNAi on the root tissue. Thus, in this study we establish transgenic C. roseus hairy root lines with silenced 
green florescent protein (GFP) expression in order to study the effects of RNAi. Specifically, levels of alkaloids are 
analyzed in these lines to observe if RNAi has an effect on alkaloid production. Defense-related alkaloid biosynthetic 
gene expression is also monitored to understand the effect of RNAi on the C. roseus hairy root tissue. These results 
elucidate the effects of RNAi on transgenic C. roseus root cultures and the implications of RNAi when silencing key 
transcriptional regulators. 
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(B16) Development of an inducible transgenic line of Catharanthus roseus hairy roots 
Stein, K., Cornejo, M., Rizvi, N., Lee-Parsons, C.W.T. Department of Chemical Engineering Northeastern University, 
Boston MA 
 
Catharanthus roseus is a well studied medicinal plant that naturally produces two powerful anti-cancer drugs, 
vincristine and vinblastine. These drugs are highly valued because of their effectiveness in treating cancer, however 
are very difficult to produce and extract1. Plant tissue culture, particularly hairy root culture obtained through 
infection with Agrobacterium rhizogenes is a potential approach to overcome the low availability of these drugs. 
Here we optimized several steps in the Agrobacterium-mediated transformation of C. roseus, including antibiotic 
selection of transgenic lines and parameters to eliminate remaining Agrobacterium. With the optimized protocol, 
stable estrogen-inducible transgenic hairy root cultures expressing green fluorescent protein (GFP) were established. 
Transgenic Gfp hairy roots that survived antibiotic selection were visualized under a confocal microscope to verify 
expression. Confocal microscopy results indicated that the hairy roots obtained from Agrobacterium infection sites 
are indeed transgenic. The estrogen-inducible system has not been previously tested in C. roseus hairy roots but 
offers several advantages as an inducible system. Gfp transgene expression is highly and rapidly induced with 
estradiol within 1h, increasing after 24h. Strongest GFP expression is observed in the meristematic root tips and is 
sustained over 5 days in the presence of estradiol.2 

[1] Van der Heijden, R., et. al. Current Medicinal Chemistry 2004, 11,607-628. [2] Rizvi, N.; et. al. Plant Cell, Tissue 
and Organ Culture (PCTOC) 2014 

(B17) Chlamydomonas IAA response: Nitrate Reductase and Nitric Oxide Requirement 
Solomon C. Amadiume1,2, Kalewold H. Kalewold1,2, Feysel M. Shifa1,2,, Peter L. Conrad2 & Janice Marchut Conrad2 

 

De Smet et al. (2011) investigated the evolution of auxin (IAA) signaling and although Chlamydomonas lacks canonical 
auxin response genes, an auxin binding protein 1 (ABP1) ortholog exists.  IAA mediated cell expansion is well 
documented to include nitrate reductase requirement to nitric oxide (NO) in Arabidopsis (Kolbert et al., 2008).  The path 
to NO signal in Chlamydomonas is also via nitrate reductase (Sakihama et al., 2002).  We report that Chlamydomonas 
responds to exogenous IAA, nitrate reductase function is required and an NO scavenger eliminates both the response to 
IAA and exogenous NO donor. We also investigated gene expression as a function of exogenous IAA in this 
photosynthetic alga. 

1BIO490 undergraduate research, 2 Biological Sciences, SUNY Plattsburgh, Plattsburgh NY 

(B18) Physiological Significance of PGR5 Cyclic Electron Transport in Chlamydomonas 
Sophia You1,2, Pema L. Andrugsurba1,2, Hayley Dewey-Hagborg1,2 Peter L. Conrad2 and Janice Marchut Conrad2 

 
We investigated the requirement of PSI cyclic electron transport in Chlamydomonas  light-mediated cell expansion at 
low light fluency with or without Antimycin A.  Oxygen compensation point, evolution/consumption, occurs at 
approximately 15µmol/m2/s; therefore our conditions approach hypoxia and most likely require the PGR5 pathway of 
cyclic electron flow (CEF), a path conserved in Chlamydomonas (Johnson et al., 2014).  PGR5 dependent CEF is reported 
to contribute to redox homeostasis and is sensitive to Antimycin A (Nishikawa et al., 2012).  We considered the 
expression of light regulated genes under conditions that mimic PGR5 knockdown and / or hypoxia. 

1BIO490 undergraduate research, 2 Biological Sciences, SUNY Plattsburgh, Plattsburgh NY  
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(B19) Chlamydomonas Shows Rhythmic Cell Expansion Response to IAA: Expansion is Auxin Specific and 
Occurs in Minutes 
Rebecca LaPier1,2, Emily Morrison1,2,  Peter L. Conrad2 & Janice Marchut Conrad2 

 
An ortholog to auxin -binding -protein 1 (APB1) is reported in Chlamydomonas with no evidence of canonical auxin 
response genes (De Smet et al., 2011).  A clear APB1 mode of action in plant growth and development is described by Xu 
et al. (2014).  We report auxin (IAA) induced cell expansion, of dark incubated Chlamydomonas, as hormone specific and 
show an IAA response as fast as one minute with maximum response near ten minutes.   A primary response to auxin is 
change in membrane potential (Kirpichnikova et al., 2014); therefore we investigated plasma membrane fluorescence, 
as a function of membrane potential as well as inhibition of light mediated expansion by exogenous IAA as reported for 
Arabidopsis (Chen et al., 2014).   

1BIO490 undergraduate research, 2 Biological Sciences, SUNY Plattsburgh, Plattsburgh NY 

(B20) Chlamydomonas Light Mediated Osmosis Requires Recovery Volume Decrease 
Frederick M. Kaestel1,2, Brittany Garrett1,2, Rachel L. Senecal1.2, Peter L. Conrad2 and Janice Marchut Conrad2 

 

The contractile vacuole (CV) of Chlamydomonas is required for cell volume homeostasis and function is reported in 
hypertonic and/or hypotonic external bathing environments (Komsic-Buchmann et al., 2014).  The surface area to 
volume ratio limits the extent of cell volume expansion; therefore, cells must recover from swelling for full expansion to 
occur.  Although vacuolar protein pumps are implicated in CV activity, neither organelle acidification (Komsic-Buchmann 
et al. 2012) nor movement of ions associated with cell volume balance is reported (Komsic-Buchmann et al. 2014).   We 
investigated the requirements of CreMIP1 water channel, Vacuolar -PPase and/or Vacuolar- ATPase, as well as non-
selective- cation channel function in maintaining cellular volume regulation, increase and recovery, in response to low 
fluency white light in isotonic bathing medium. 

1BIO490 undergraduate research, 2 Biological Sciences, SUNY Plattsburgh, Plattsburgh NY 

(B21) The Effects of Nanoparticles and Biogenic Polyamines on Horizontal Gene Transfer 
Steven Troy, University of New Hampshire 
 
Nanoparticles and polyamines interact with cells in unique ways. Nanoparticles are an exciting area of research because 
of their potential use as novel drug delivery systems for cancer therapies. Biogenic polyamines are unique in that they 
play a variety of physiological and developmental roles in bacteria, plant, and mammalian cells. Most nanoparticles and 
biogenic polyamines have an inherent ability to cross a cell’s plasma membrane and interact with DNA. Based on their 
structures and charge interactions, it can be hypothesized that they could impact the movement of macromolecules (e.g. 
DNA) from the environment into cells. Consequences of enhancing DNA uptake includes promoting the transfer of 
antibiotic resistant genes among bacteria which would be potentially harmful, especially in clinical settings.  If these 
molecules inhibit transformation then it may shed insight on the mechanisms by which they interact with DNA. With this 
objective in mind, the present study is aimed at using  genetic engineering methods including heat shock and 
electroporation to analyze bacterial transformation in model experimental systems of Escherichia coli (E. coli) bacteria 
and plant cell cultures in response to treatments with gold and silica nanoparticles as well as three biogenic polyamines: 
putrescine, spermine, and spermidine. Preliminary results indicate that silica nanoparticles enhance transformation 
efficiency while polyamines inhibit it. 
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(B22) THE IDENTIFICATION OF PALMITOYLTRANSFERASE MUTANTS IN ARABIDOPSIS THALIANA 
DuBois, T. and Hrabak, E. 
Department of Molecular, Cellular & Biomedical Sciences 
University of New Hampshire, Durham, NH 
 
Palmitoyltransferases (PAT) are a family of integral membrane proteins found in all eukaryotes. Functions of PATs in 
animal and fungal cells include both inter- and intra-cellular signaling, regulation of molecular transport across 
membranes, as well as stabilization of integral membrane protein substrates.  PATs catalyze palmitoylation - the 
addition of a fatty acid to a target protein.  For cytosolic proteins, the increase in hydrophobicity conferred by 
palmitoylation results in association with lipid membranes and, because palmitoylation is reversible, provides a 
mechanism for regulating residence time at the membrane.  The roles of PATs in plant cells are mostly unknown.  
We are using a reverse genetics approach in Arabidopsis thaliana to identify plants that lack functional PAT genes, 
with the ultimate goal of determining the phenotype caused by the pat mutation.  By use of PCR and gel 
electrophoresis, plants were genotyped to confirm that they were homozygous for a mutated allele in one of their 
PAT genes.  So far   plants with seven different PAT mutations have been genotyped, four of which were confirmed 
to be homozygous for the mutated allele.  The study has also detected the addition or deletion of DNA around the 
mutation site in the genome.  The next step is to test pat mutant plants for the presence of transcripts from the 
mutated gene to confirm that the PAT gene is non- functional. 

(B23) IDENTIFICATION AND CHARACTERIZATION OF GENES INVOLVED IN ROOT GROWTH UNDER SALT 
STRESS IN ARABIDOPSIS 
Flaman, L., Petersen, N., Ryan, M., Thompson, M., and Hrabak, E. 
Department of Molecular, Cellular & Biomedical Sciences 
University of New Hampshire, Durham, NH 
 
Multiple genes and many pathways are involved in directing root growth in plants.  Some of these genes are 
important in the root response to salt stress.  We are interested in identifying genes required to maintain normal 
root growth in the presence of sodium salts.  In agricultural settings, most crop plants cannot tolerate elevated 
levels of salt, leading to reductions in plant vigor and yield.  Our lab previously identified several mutants in which 
the shape of root cells was altered in response to sodium stress.  The goal of this project is to screen a publicly 
available collection of Arabidopsis thaliana T-DNA mutants to identify additional mutants with similar root defects.  
Mutants that passed all three stages of the screen were analyzed by TAIL- PCR (Thermal Assymetric Interlaced-
Polymerase Chain Reaction), followed by DNA sequencing, to identify the mutation site in the A. thaliana genome.  
To date, mutation sites for eleven different mutants have been determined; 8 of the mutations are in intergenic 
regions, while 3 are intragenic.  As part of the initial characterization of each mutation, the pattern of inheritance 
(dominant vs recessive) is being determined by outcrossing to wildtype. 

(B24) Cell Wall Composition of Physcomitrella patens 
Elizabeth Berry, University of Rhode Island 
 
Physcomitrella patens is a bryophyte characterized by a predominantly haploid lifecycle.  The haploid phase consists of 
protonemal filaments that enlarge by tip growth and well as leafy gametophores with several different cell types that 
enlarge by diffuse growth. We aim to obtain a complete view of P. patens cell wall composition using an array of 
monoclonal antibodies and carbohydrate binding molecules (CBM) in order to provide a basis for analyzing mutant lines. 
Probes that detect cellulose (CBM28 and CBM3a), hemicellulose (400-2, 400-4, LM5, LM10, and LM15), pectin (LM18, 
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LM19, LM20, LM6) and arabinogalactan proteins (LM2) were used to stain wild type P. patens tissues.  Rhizoid cell walls 
were examined for mature, immature, and emerging rhizoids.  Strong labeling of emerging rhizoids indicate a presence 
of 1,5-α-arabinan.  Immature rhizoids cell walls contain crystalline cellulose, 1, 3--glucan, and 1, 4--mannan and 
homogalacturan.  Walls of regenerated protoplasts were examined at four different stages of growth; thin and thick 
walled protoplasts, dividing protoplasts, and regenerating protonemal filament protoplasts.  High levels of crystalline 
cellulose were found throughout the four stages.  Labeling of gametophores showed varied staining throughout the 
different cell types.  Homogalacturan, 1, 5--arabinan, and crystalline cellulose were detected in all tissues while 1, 4--
galactan and xylan were localized to specific sites in the gametophore.  The results indicate that cell wall composition 
varies among the different cell types as well as throughout the different stages of growth of P. patens.   

Acknowledgment: This material is based upon work supported as part of The Center for LignoCellulose Structure and 
Formation, an Energy Frontier Research Center funded by the U.S. Department of Energy, Office of Science, Office of 
Basic Energy Sciences under Award Number DE-SC0001090 and by National Science Foundation Award IOS-1257047 

(B25) Formin2A Associates with Vesicles in Physcomitrella patens Polarized Growth 
E. Pierce, F. Furt, J.P.Bibeau, and L. Vidali 

Department of Biology and Biotechnology 
Worcester Polytechnic Institute, Worcester, MA  

 
Polarized growth is an integral part of plant cell biology, where cell growth is localized to certain areas of a cell, rather 
than evenly distributed in every direction. This phenomenon has been well-studied in the model organism P. patens. 
Myosin, actin, and actin nucleators that belong to class 2 formins, have been shown to accumulate at the cell apex and 
are essential for polarized growth. Previous studies demonstrated that myosin and vesicles associate at the apex during 
polarized growth, and fluctuate in phase. However, the association of class 2 formins with vesicles in polarized growth 
has not been investigated. Confocal microscopy was used to perform live cell imaging on P. patens caulonemal cells 
expressing two fluorescently tagged proteins: formin2A (a class 2 formin) and VAMP721, (a v-SNARE).  The fluorescence 
fluctuation of each tag was recorded simultaneously and cross correlation analysis was performed to determine the 
temporal relationship between the two components.  We found that formin2A co-localized and fluctuated in phase with 
VAMP721. We also found, using total internal reflection fluorescence (TIRF) microscopy, that a fraction of formin2A and 
VAMP721 localizes to punctate structures in the cortex, likely the vesicles. These results support a model for polarized 
growth suggesting that myosin, formins, and other cellular components are located on vesicle membranes, and that the 
vesicles are organizers of the actin/myosin network at the growing cell tip. However, future studies examining the 
interactions between formin2A and myosin as well as filamentous actin will need to be undertaken to further validate 
this model.  

Acknowledgements: This work was supported by the National Science Foundation (NSF MCB Award # 1253444).  

(B26) Orthologous gene search for heavy metal tolerance in Phragmites australis 
Constance Maurer and Yourha Kang 
Iona College, 715 North Avenue, New Rochelle, NY 10801 
 
Phragmites australis, the common reed, is an invasive species found in temperate and tropical regions throughout the 
world.  The presence of a heavy metal tolerance gene in the P. australis genome has been hypothesized to perhaps 
allow it to survive in heavy metals soils and even aid in its invasiveness. Using DNA sequences from potential orthologs 
of various metal ion transporters, DNA primers were generated to amplify sequences from Phragmites using polymerase 
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chain reaction (PCR).  DNA was amplified using primers derived from sequences of the Zea mays nickel ion transporter, 
the Oryza sativa L. ssp. indica cobalt ion transporter, and the Camelina sativa heavy metal ATPase, among others.  
Results from amplified, cloned, and sequenced DNA will be presented and discussed.   

(B27) Plant habit and morphological characters are more important than rates of photosynthesis in 
determining species dominance of an introduced (Scaevola taccada) compared to a native (S. plumieri) 
species measured on the island of Culebra, Puerto Rico  
Erika Bucior and Peter Melcher 
 
Physiological and morphological characteristics were measured on an introduced and a native plant species, Scaevola 
taccada and Scaevola plumieri, respectively. These species compete for similar resources in coastal habitats on Puerto 
Rican islands.  According to the competitive exclusion principle, two species that grow in the same place and do not 
hybridize cannot coexist using exactly the same resources.  Previous studies have found that hybridization does not 
occur between these two species, making them complete competitors. The aim of this research was to determine if the 
S. taccada will outcompete and drive the native species to extinction.  From photosynthetic light response curves we 
found that the S. plumieri had significantly higher maximum photosynthetic rates of 23.5±3.7 STDEV compared to the 
introduced S. taccada species with 18.7±3.4 [W=132; p=0.0145]. These data did not support our hypothesis that the 
introduced species would have higher photosynthetic rates.  From biomass allocation and leaf area studies we found 
that the S. taccada produced significantly more leaf area per stem than S. plumieri and that S. taccada leaves had much 
less biomass and lower respiration rates measured on a per leaf area basis (p <0.001).  This resulted in significant 
changes in subcanopy light environments for each species, with reductions in photosynthetically active radiation of 
69.2% and 92.8% for S. plumieri and S. taccada, respectively (p<0.001). Subcanopy species diversity was also much 
higher for S. plumieri compared to S. taccada. These findings support our hypothesis that S. taccada will eventually 
dominate the coastal landscape where these species co-exist.  

(B28) Identifying intraspecific genetic variability in Asclepias tuberosa from five different regions in the 
United States 
Anorga S., Maurer C., Cefola V., Gilruth J., and Y. Kang 
Iona College, 715 North Avenue, New Rochelle, NY 10801 
 
Asclepias tuberosa, also known as the butterfly weed, is a common plant found throughout the United States. However, 
there has been a disappearance of the plant in northeastern United States and it is now under the protection of 
different states including New York, New Hampshire, and Vermont. Using leaf morphology, three subspecies have been 
identified in the butterfly weed plant (A. t. interior, A.t. rolfsii, and A.t. tuberosa), but no molecular analysis has been 
performed. This study aims in identifying overall genetic diversity using samples obtained from five different regions of 
the United States (New York, Louisiana, Oklahoma, Florida and Tennessee).  Using the information from a genome-wide 
study of a related species, Asclepias syriaca, we were able to amplify putative hypervariable regions of the A. tuberosa 
genome using Polymerase Chain Reaction (PCR).  Amplified DNA was cloned, sequenced, and polymorphisms among 
individuals were recorded.  Preliminary results suggest that individuals from all five regions separate into two genetically 
distinct groups. 

(B29) Targeting the role of benzoxazinoid genes in maize-aphid resistance 
Fernandez-Penny, Felix E1; Ahern, Kevin1; Jander, Georg1 
1 Boyce Thompson Institute; 533 Tower Road; Ithaca, New York, 14853 
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Benzoxazinoids are compounds toxic to aphids and other insects found in maize and other grasses stored as inactive 
glucosides. Benzoxazinoids are activated by a glucosidase upon herbivore feeding. Previous research identified a 
Quantitative Trait Locus (QTL) on Chromosome 1 in maize that is thought to affect benzoxazinoid biosynthesis. Three 
genes within the QTL (Bx10a-c) were identified as methyltransferases and are thought to catalyze the methylation of 
DIMBOA-Glc (a benzoxazinoid) to HDMBOA-Glc. To prove that these genes play a role in benzoxazinoid biosynthesis, we 
attempted to isolate loss-of-function knockout alleles induced by the transposable element Dissociation (Ds). We took a 
reverse genetic, PCR-based approach to screen for Ds insertions in the three target genes, as well as two intermediate 
genes. A screening population was generated by crossing a line known to carry a closely linked Ds insertion crossed to 
wild-type W22 inbred females. Should a Ds insertion be found within Bx10a-c we will self pollinate that plant and use 
the progeny in an aphid assay. Should an insertion be found surrounding Bx10a-c we will self pollinate that plant and use 
the progeny as new Ds donors in future test cross populations. Through reverse genetic screens of testcross populations, 
we hope to remobilize the closest Ds donor into the three gene targets (Bx10a-c) in order to compare the knockout 
alleles to a wild type in terms of benzoxazinoid synthesis. 

Funding acknowledgement: National Science Foundation (NSF), Ithaca Garden Club 

(B30) The Effects of Cytokinin on Adventitious Root Formation in Arabidopsis Thaliana 
Bergquist, K.1, Cupido, J.2, and Mathews, D. E.1 
Departments of Molecular, Cellular and Biomedical Sciences1 and Biological Sciences2 
University of New Hampshire, Durham, NH 
 
Adventitious rooting leads to new root formation from a stem or leaf cutting and can be used to establish a new plant. 
Although this process of vegetative, asexual propagation is utilized extensively it is not well understood genetically. The 
process of adventitious root formation is fascinating since it involves the genetic reprograming of differentiated cells in 
one organ type (stem or leaf) in order to generate an entirely different organ (root). The plant growth hormones auxin 
and cytokinin are both known to regulate cell division and differentiation yet only a role for auxin has been well 
established in adventitious root formation. In this study the role that cytokinin plays in adventitious root formation was 
investigated by manipulating the level of cytokinin signaling in Arabidopsis thaliana. This was done by using mutants 
with altered sensitivity to endogenous and exogenous levels of cytokinin. Elevated levels of cytokinin signaling reduce 
the formation of adventitious roots. However, lower than normal levels of signaling does not necessarily increase 
formation of adventitious roots. The effect that altered cytokinin signaling has on auxin signaling was observed utilizing 
plants transformed with auxin reporter constructs. The reporter construct CyclinB1:GUS was used to visualize cell 
divisions in root meristems. The expression of this reporter in the different cytokinin mutants suggests that cytokinin 
signaling may affect the cell cycle. 
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