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Title: Direct Phloem Transport Measurement

Author(s) & Affiliation(s), (Presenter’s Name in Bold): S. Komarov1, L. Ke1, T. M. Tran2, D. M. Braun2, Y.-C. Tai1
1Washington University in St. Louis, St. Louis, MO
2University of Missouri, Columbia, MO

Brief Abstract

In this work we estimate the transport speed of photosynthates in wild type maize. The transport was measured by tracing radioactive carbon (11CO2) uptake in plant. In order to apply pulse chasing techniques, only the tip of one selected leaf was labeled with short (4 min) labeling time. A “comparison” study between 7 different plants at the same age was done. Although an estimated transport speed (assumable phloem transport) was in large variety (from 1 to 30 mm/min) for different roots and different plants, the histogram of all measured velocities has two distinct peaks: sharp peak for 3±1 mm/min (43%) ;and broad peak for 13±4mm/min (34% of all measurements). 




















Title: “A Novel PlantCV Module For Leaf Counting”

Author(s) & Affiliation(s), (Presenter’s Name in Bold): Suxing Liu1, Lucia M Acosta-Gamboa1, Xiuzhen Huang2, and Argelia Lorence1,3
1 Arkansas Biosciences Institute, Arkansas State University, Jonesboro, AR
2 Department of Computer Sciences, Arkansas State University, Jonesboro, AR
3Department of Chemistry and Physics, Arkansas State University, P.O. Box 419, State University, AR, 72467, USA. Email: alorence@astate.edu

Brief Abstract

One of the most vital traits for identifying and evaluating phenotypes of different cultivars of the same species is plant growth. For Arabidopsis, the most widespread model plant, calculating the projected leaf area from high resolution images is a good non-destructive measurement of plant growth/mass in high throughput phenotyping experiments. Projected leaf area is a measurement that represents an underestimate of the actual area of the plant aerial tissue, because this indicator is unable to distinguish overlapping leaves. Several approaches have been used to achieve leaf counting using computers. In this study we propose a novel approach for leaf counting in Arabidopsis. The main improvement consists of a mask refinement method and a marker-based watershed transformation method. As a proof of concept in this work we illustrate the utility of this new algorithm in the analysis of images of Arabidopsis plants grown under various water limiting conditions compared to well-watered controls.




Title: Using Plant Phenotyping, RNA Sequencing, and Metabolomics to Identify Drought                                              Tolerance Mechanisms in Tomato

Author(s) & Affiliation(s), (Presenter’s Name in Bold): Dane Hudson1 and Stephen Grace1 
1Department of Biology, University of Arkansas at Little Rock 

Brief Abstract
The effects of drought on agricultural systems throughout the world are becoming increasingly severe.  Understanding the complex mechanisms of drought tolerance in wild relatives of important crop plants offers a promising strategy for developing more stress resistant commercial cultivars.  This project investigates and compares the biochemical and physiological effects of water deficit in a drought tolerant wild tomato species (Solanum habrochaites) and a drought sensitive commercial cultivar (M82) using a multifaceted approach.  The goal of this study is to combine high throughput phenotyping (HTP) and plant imaging with global gene expression and metabolite profiling to characterize the genetic, cellular, and physiological mechanisms of drought tolerance in S. habrochaites.  Gas exchange experiments have yielded results showing higher net photosynthesis rates and stomatal conductance in S. habrochaites but with similar declines as M82 when subjected to drought stress.  However, S. habrochaites retains higher, more consistent PSII yield while under drought conditions.   Preliminary non-targeted LCMS experiments reveal qualitative differences in metabolite profiles between the two species with more data needed for compound identification.  Ongoing studies will examine gene expression data to identify gene loci associated with drought tolerance, along with quantitative assessment of leaf water potential and root growth dynamics to determine physiological differences under water deficit.  The data generated in this study will enable future studies focused on using recombinant inbred lines (RILs) and QTL mapping to develop more drought tolerant tomato lines through marker assisted selection (MAS).






Title: “Elucidating the Effects of Heat Stress on the Phenotype of Maize Seedlings”
Author(s) & Affiliation(s), (Presenter’s Name in Bold): Zachary Campbell1, Gideon Long1, Thu Tran2, David Braun2, and Argelia Lorence1,3
1Arkansas Biosciences Institute, Arkansas State University, P.O. Box 639, State University, AR 72467, USA
2Division of Biological Sciences, Interdisciplinary Plant Group and the Missouri Maize Center, University of Missouri, Columbia, MO
3Department of Chemistry and Physics, Arkansas State University, P.O. Box 419, State University, AR 72467, USA

Brief Abstract

In the field plants are often challenged by abiotic stresses. With climate change becoming a more prevalent problem, agricultural innovations that allow for the development of crops that are able to thrive under harsh conditions, such as drought and heat, are more important than ever. When subjected to heat stress, a plant’s cellular homeostasis is compromised, and this can lead to a significant reduction in biomass accumulation, early senescence of tissues, or result in plant death. Even short periods of exposure to high temperatures can lead to a decrease in the quantity and quality of yield in cereals. As expected, this sort of negative response can result in huge losses in global crop yields, leading to food scarcity. This yield loss is especially impactful when considering that 95% of the feed grain produced in the US comes from maize. To better understand the early responses of maize to heat stress, the Lorence Laboratory at Arkansas State University and the Braun Laboratory at the University of Missouri Columbia are working together to optimize a high-throughput phenotyping protocol. This assay utilizes a non-destructive imaging system (Scanalyzer HTS) that allows for accurate and temporal characterization of the maize phenotype via the acquisition and analysis of high-resolution images captured by visible, fluorescence, and near-infrared cameras.  In this work, we present our progress on the detailed characterization of the phenotype of maize B73 seedlings subjected to heat stress compared to controls growing under normal conditions. 
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Title:  Use of radiotracers to study nutrient homeostasis and heavy metal allocation in plants

Author(s) & Affiliation(s), (Presenter’s Name in Bold): Nga Nguyen1, Ashley Dame2, Silvia Jurisson2, David Mendoza-Cozatl1
1Division of Plant Sciences, University of Missouri, Columbia, Missouri
2Department of Chemistry, University of Missouri, Columbia, Missouri

Brief Abstract
Plants and seeds are the main dietary source of nutrients such as iron (Fe), zinc and manganese for humans but also a major source of toxic elements such as cadmium (Cd) and arsenic. Changing the composition of plants for the benefit of human health requires a deep understanding of the molecular basis and the physiological responses that plants use to adapt and thrive in nutrient-limiting conditions. Our long-term goal is to establish a physiological correlation between the plant ionome (phenotype) and the dynamic movement of nutrients between plant tissues. Using radioisotopes [59Fe and 115Cd] we have established the conditions to separate and assess phloem- and xylem-mediated transport processes. We have used our experimental pipeline to identify mutants impaired in xylem and phloem loading. We are also extending our work to crop plants like soybean and common bean to establish real-time imaging protocols and quantify the movement of different elements between tissues and how this transport is affected during different nutrient or environmental conditions.





















Title: Application of [18F] Fluorinated Sucrose Derivatives to Study Phloem Transport in Maize

Author(s) & Affiliation(s), (Presenter’s Name in Bold): Thu M. Tran1, Carissa S. Hampton2,3, Brossard W. Thomas2,3, Michael Harmata2, David J. Robertson2,3, Silvia S. Jurisson2,3, and David M. Braun1
1Division of Biological Sciences, Interdisciplinary Plant Group and the Missouri Maize Center, University of Missouri, Columbia, Missouri
2Department of Chemistry, University of Missouri, Columbia, Missouri
3University of Missouri Research Reactor, University of Missouri, Columbia, Missouri

Brief Abstract
Phloem tissues play a central role in the transport of photoassimilates from source tissues to sink tissues. Here, we demonstrate the novel synthesis and use of [18F] fluorinated sucrose derivatives as new radioactive tracers to study phloem transport in maize leaves. 
Sucrose derivatives were individually fluorinated with the positron emitting radioactive isotope fluorine-18 at the 1’ or 6’carbon positions within fructose, or the 6 carbon position within glucose. Each derivative was independently introduced into the leaf tips of wild-type plants and plants that lacked Sucrose transporter1 (Sut1), which was previously shown to function in sucrose phloem loading. The plants were incubated for an hour, then dissected leaves were imaged using autoradiography.
All three fluorinated sucrose derivatives were able to be translocated down the leaf blades, indicating that they are substrates for phloem loading. The mutants exhibited significantly less transport of the derivatives than the wild-type plants. In addition, the three derivatives were similarly transported, suggesting that these specific fluorinated positions do not interfere with sucrose binding by the SUT1 protein or affect sucrose transport across the phloem cells plasma membrane. Our study indicates that these fluorinated sucrose derivatives can be successfully used for the in vivo study of sucrose transport in maize. 
In future research, we will apply the fluorinated sucrose derivatives combined with dynamic radiotracer imaging techniques, especially positron emission tomography (PET). This will enable the investigation of photoassimilate transport in living plants in real time as well as under different abiotic stress conditions. 

















Title: Developing a thermally tolerant pectin methylesterase for improved sugar beet biomass processing
Author(s) & Affiliation(s), (Presenter’s Name in Bold): Jose C. Tovar1, Megan Cease1, Jianfeng (Jay) Xu1,2, and Brett J. Savary1,2 
1Arkansas Biosciences Institute 
2College of Agriculture and Technology; Arkansas State University, Jonesboro, AR.

Brief Abstract
Beet sugar production is an energy intensive process with high greenhouse gas emissions. Up to a third of the energy consumed in a beet factory is used to dry beet pulp, the pectin-rich biomass left after sucrose extraction. We are developing the technology of a thermally-tolerant pectin methylesterase (TT-PME) to reduce energy inputs for beet pulp processing. We hypothesize that processive PME action can modify cell wall structure to improve water separation from beet pulp through a calcium cross-linking mechanism, facilitating pulp drying. Our objectives are to: 1. determine if PME action can reduce water binding in beet pulp, 2. develop specific antibodies for TT-PME, and 3. express recombinant TT-PME in planta. We developed a new quantitative benchtop assay to determine PME treatment reduced water binding in beet pulp by 25%. This established proof of concept that transgenic TT-PME expression in sugar beets may confer a processing benefit. As a tool for detecting TT-PME in transgenic plants, we produced antibodies from a sequence-specific peptide antigen that differentially detected TT-PME. Towards developing an expression strategy for sugar beets, different TT-PME structural constructs were transiently expressed in Nicotiana benthamiana. TT-PME’s native signal peptide yielded high recombinant expression levels comparable to the well-established patatin signal peptide, and active TT-PME expression required the PRO region. To avoid unintended phenotypic changes in transgenic beets resulting from overexpression of PMEs in cell walls, we are studying options for intracellular relocation of TT-PME. Biotech beets expressing TT-PME will provide economic and environmental benefits for beet sugar production.




















Title: Radiochemistry and Imaging Core: What Can We Do For You?
Author(s) & Affiliation(s), (Presenter’s Name in Bold): Ashley N. Dame1, Matthew Gott1, Carissa Hampton1, Thomas Brossard1, Michael Harmata1, J. David Roberston1, Silvia Jurisson1
1Department of Chemistry, University of Missouri-Columbia, Columbia, Missouri

Brief Abstract
There are a wide variety of tools for helping scientists to map out plant functions. Those can range from how a plant grows, how it uptakes minerals, how it reproduces, metabolism and etc. We utilize radiochemistry techniques to look at some of these functions by replacing atoms with radio-isotopes to allow us to monitor the desired function. A few of the examples that are currently being assessed are the heavy metal uptake properties of the Arabidopsis plant (59Fe, 115Cd) and uptake of maize plants (18F and 14C labeled sucrose), using both wild type and specific mutant varieties of each plant for the given study. Our focus is to aid scientists in broadening their research with tools such as phosphor imaging, liquid scintillation counting, and sodium iodide detection to follow the path of given isotopes. PET/CT imaging will be available in the near future.  In the future the technology can be expanded to encompass other instrumentation and institutes.




















Title: Water Limitation Differentially Affects the Phenome and Ionome of Arabidopsis

Author(s) & Affiliation(s), (Presenter’s Name in Bold): Lucia M. Acosta-Gamboa1, Suxing Liu1, Erin Langley1, Zachary Campbell1, Norma A. Castro-Guerrero2, David Mendoza-Cozatl2, and Argelia Lorence1,3                                                                    
1Arkansas Biosciences Institute, P.O. Box 639, State University, AR, 72467, USA
2 Division of Plant Sciences, Bond Life Sciences Center, University of Missouri, Columbia, MO, 65211, USA
3Department of Chemistry and Physics, P.O. Box 419, State University, AR, 72467, USA. Email: alorence@astate.edu

Brief Abstract
Global climate change is affecting crop yields mainly by limiting water availability. Understanding plant responses and adaptations to water limitation is key to maintain crop yields. In this work, we combined two high-throughput -omic platforms (phenomics and ionomics) to begin dissecting time-dependent effects of water limitation on Arabidopsis leaves and ultimately seed yield. We used a high-throughput phenotyping platform (Scanalyzer HTS system) that allows an accurate and non-destructive quantification of even subtle phenotypes. We acquired high resolution images with visible, fluorescence, and near infrared cameras in conjunction with commercial and open source algorithms to extract the rich information contained in those images. At a defined point, samples were also taken for elemental profiling. Here we show that under mild drought conditions plants were able to adjust without a significant penalty in growth, biomass accumulation or overall health of the aerial tissue. However, under more severe water deficit, we detected a clear penalty in biomass accumulation and growth accompanied with reduction of photosynthetic efficiency. Interestingly, we found that even mild drought conditions led to a decreased number of branches and ultimately on seed yield. On the contrary, the elemental composition and seed yield changed across the different water regimes in a treatment- and element-specific manner and included under and over accumulation of elements compared to well-watered plants. Our results demonstrate that by combining different phenotyping techniques it is possible to identify specific bottlenecks during plant development that could compromise biomass, yield, and the nutritional quality of plants.





Title: Assessing the Contribution of Multiple Ascorbate Pathways to Abiotic and Biotic Stress Tolerance

Author(s) & Affiliation(s), (Presenter’s Name in Bold): Lucia M. Acosta-Gamboa1, Nirman Nepal1, and Argelia Lorence1,2                                                                    
1Arkansas Biosciences Institute,  Arkansas State University, P.O. Box 639, State University, AR, 72467, USA
2Department of Chemistry and Physics, Arkansas State University, P.O. Box 419, State University, AR, 72467, USA. Email: alorence@astate.edu

Brief Abstract
As the world’s population expands and climate shifts occur, global food security becomes an even bigger concern. Arkansas and Missouri strong agricultural economies put them at the center of the challenge of maintaining and improving crop yields for food, feed, and fuel as resources shrink.  During the past decade scientists have used different approaches to advance crop science. With the advances in genomics, transcriptomics, proteomics and metabolomics there is a growing need to develop tools to study in detail the phenotype of plants with desirable traits. The high throughput study of plant phenotypes or phenomics is a new and emerging area. Plant stresses are arguably the greatest factor limiting global yields and major crops on average lose >50% of their potential yields to abiotic and biotic stresses including drought, salinity, extreme temperatures, and herbivore infestation. Our previous research has shown that Arabidopsis lines engineered to over-express enzymes in the inositol pathway to vitamin C (L-ascorbic acid, AsA) have increased AsA foliar content, accumulate more biomass, and are tolerant to multiple abiotic stresses. The purpose of this project is to assess the contribution of the multiple pathways leading to AsA formation at conferring plants tolerance to stresses. By combining the progress in identifying sources of stress resistance/tolerance in plants using imaging technologies and transcriptome analysis, we will capture the spatial and temporal dynamics of plant responses to stresses, and this will enable the high-throughput characterization of an organism's phenome and transcriptome to fully understand the role of ascorbate in plant adaptation.






Title: “Global Gene Expression Profiling of a High Ascorbate Arabidopsis MIOX Over-expresser Line”
Author(s) & Affiliation(s), (Presenter’s Name in Bold): Nirman Nepal1, Jessica Yactayo-Chang1, Lucia Acosta Gamboa1, Mario A. Arteaga2, Argelia Lorence1,3,*
1Arkansas Biosciences Institute, Arkansas State University, P.O. Box 639, State University, AR 72467, USA
2Universidad Veracruzana, INBIOTECA No. 101, Colonia Emiliano Zapata, ZIP 91090, Xalapa, Veracruz, Mexico
3Department of Chemistry and Physics, Arkansas State University, P.O. Box 419, State University, AR 72467, USA

Brief Abstract
Myo-Inositol oxygenase (MIOX) is the first enzyme in the myo-inositol pathway to vitamin-C (L-ascorbate, AsA). MIOX Arabidopsis over-expressers have elevated AsA and exhibit enhanced biomass and increased tolerance to abiotic stresses.  The molecular mechanism behind this phenotype and the effect of high AsA in the ability of plants to defend themselves against biotic stresses are still not well understood.  In this work RNA-Seq analysis was used to study the global gene expression profile of a high AsA line compared to a wild type control. We found that 947 genes were up-regulated in the high AsA line while 337 genes were down-regulated. Our data indicates upregulated expression of auxin biosynthesis transcripts, auxin transporter transcripts, and auxin-aminoacid conjugate hydrolase transcripts possibly leading to elevated auxin in plants. Additionally we detected up-regulation of transcripts involved in photosynthesis. These changes in auxin metabolism and transport and photosynthesis are likely explanations for the enhanced biomass phenotype of the MIOX line. Multiple gene families involved at conferring plants tolerance to cold, drought, and heat stress were found to be elevated in the MIOX over-expresser. Interestingly, we found upregulated expression of transcripts involved in biosynthesis of defense hormones (eg. jasmonates), defense proteins, secondary metabolites (eg. glucosinolates) and transcription factors that are known to be important in biotic stresses tolerance in the high AsA line. Validation of the RNA-Seq results via RT-qPCR and bioassays in which we will challenge high AsA plants with nematodes and caterpillars will be carried out in follow up studies.



















Title: I-SceI mediated marker gene deletion from the rice genome

Author(s) & Affiliation(s), (Presenter’s Name in Bold): Bhuvan Pathak1, 2, Soumen Nandy2, Shan Zhao2, Jamie Underwood2, and Vibha Srivastava1, 2
1Cell and Molecular Biology Program 
2Department of Crop, Soil & Environmental Science, University of Arkansas, Fayetteville, AR 72701

Brief Abstract

I-SceI, a homing endonuclease from yeast can induce a double stranded break in the genome. This property has been widely used in the targeted gene insertions/deletions. Here we describe a strategy to delete the selection marker gene, which is necessary to isolate the genetically modified clones from the tissue culture, but not important as a trait of interest and can be recycled for subsequent transformations. Using Cre-lox, we generated a site specific integration locus in the rice genome. The transient I-SceI expression excised the marker gene with 29% efficiency. We also tested the efficiency of heat inducible I-SceI and zinc finger nuclease (ZFN) for the marker gene deletion and found, I-SceI to be more effective than ZFN in the marker gene deletion. This study was one of many components being currently tested to develop a gene stacking method.


Brief Abstract

























Title: PIC Outreach Efforts- Year 2
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Author(s) & Affiliation(s), (Presenter’s Name in Bold): R. Shea Harris1, Dhaval Shah2, Fiona Goggin2, Argelia Lorence1, Sunder Balasubramanian3
1Arkansas State University, Jonesboro, AR
2University of Arkansas, Fayetteville, AR
3Lincoln University, Jefferson City, MO

Author Contact Information (Tel/email): 870-680-4322/alorence@astate.edu; 479-575-6751/
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Brief Abstract
In Year 2 of the Plant Imaging Consortium (PIC, NSF ESPCoR Track II) we were able to establish a new education outreach module called Mutant Millets in Arkansas. In 2015-2016, PIC held two K-12 teacher professional development workshops and successfully trained 20 secondary education teachers to incorporate the module in their classrooms.  Through the program, 1,025 students in agriculture, environmental science, and biology classrooms grew Setaria viridis (green foxtail) mutants, observed the variety of different phenotypes, and reported their data online to PIC affiliated scientists. During the coming months, we will expand the Mutant Millet program to central and southern AR with a teacher workshop that will be held in Little Rock in July 2016.  Moreover, our collaborators from Missouri will be training new teachers on an optical sensing of plant stresses classroom module during the Arkansas Curriculum Conference.  PIC Outreach extends plant science beyond the classroom. In Year 2, we participated in numerous community events sharing PIC science to over 1,700 citizens and attendees. These include the Arkansas Science Festival, A-State DNA Day, and the Biennial Insect Festival of Arkansas.  During the final year of the project (year 3) we will focus on sustainability by identifying extended funding opportunities for PIC education outreach programs and by making the Mutant Millets program self-sustaining.	


















Title: Bioproduction and anti-inflammatory activity of delta-tocotrienol-enriched extracts from hairy roots of Bixa Orellana

Author(s) & Affiliation(s), (Presenter’s Name in Bold): Jarrod Creameans1,2, Krishna Vellanki1,2, Christina Matei1,2, Luis Nopo-Olazabal1,2, Fabricio Medina-Bolivar1,2
1Arkansas Biosciences Institute, 2Department of Biological Sciences, Arkansas State University, Jonesboro, Arkansas

Brief Abstract
Bixa orellana, known as achiote or annatto, is a plant native to South America that has been used as a traditional medicine to treat multiple diseases. The highest natural level of delta tocotrienol, one of the eight E-vitamers, has been found in this species. Recent studies have shown distinct bioactivities for delta-tocotrienol, including anticancer and neuroprotective properties, highlighting its importance in human health. Hairy root cultures of B. orellana were established to study the bioactive compounds in these hairy roots and their capacity to produce delta tocotrienol. The hairy roots were cultured in liquid medium under either continuous light or dark conditions for 30 days.  Root tissue and culture medium extracts were analyzed for tocotrienols using high performance liquid chromatography. Our results indicate that hairy roots of B. orellana produce mainly delta-tocotrienol and trace amounts of gamma-tocotrienol. The anti-inflammatory capacity of the hairy root extracts was assessed using an interleukin-6 assay with adipocytes derived from 3T3-L1 cells. The assays showed that the extracts exhibit anti-inflammatory properties. We propose that hairy root cultures of B. orellana are ideal bioproduction systems to study the bioactive compounds of this medicinal plant. 





Title: Evaluation of Total Seed Protein Content in Arkansas Cowpea Genotypes

Author(s) & Affiliation(s), (Presenter’s Name in Bold): Waltram Second Ravelombola1, Yuejin Weng1, Dennis Motes2, Clay Wingfield3, and Ainong Shi1
1Department of Horticulture, University of Arkansas, Fayetteville, AR 72701
2Vegetable Research Center, University of Arkansas, Alma, AR 72921
3University of Arkansas System Division of Agriculture, Southwest Research and Extension Center, Hope, AR 71801

Brief Abstract
Cowpea is cultivated on more than 11 million hectares with a worldwide production 5.4 millions of dried seeds. Cowpea is an affordable source of protein. The aim of this research was to assess the variability of the total seed protein content in cowpea. Eleven Arkansas lines were used in this study. Field experiment design was randomized complete block design (RCBD) with 3 replicates and conducted in three different locations within Arkansas State (Fayetteville, Alma, and Hope) in 2015. We performed a standard chemical protocol involving an analysis of the total nitrogen by combustion using an Elementar Rapid N III instrument to estimate the protein content. The average protein content was 25.4%, ranged from 23.7 to 27.4% with a standard deviation of 1.9%. The mean protein content of each line is ordered from high to low as: Early Scarlet (27.4%), 09-204 (26.9%), 01-1781 (25.9%), 09-393 (25.9%), 09-208 (25.5%), 07-303 (25.2%), AR Blackeye #1 (24.9), 09-714 (24.9%), Ebony (24.9%), 09-655 (24.0%), and 09-741 (23.7%). T-test analysis indicated Early Scarlet and 09-204 were significantly higher than others, indicating the two lines had higher seed protein content. In addition, significantly environmental factor - location and G x E factor were also observed to affect the seed protein content (P-value < 0.0001). This study would be valuable by providing information on cowpea protein content for breeders to select and utilize those lines with high seed protein content in breeding program to release new high protein cowpea cultivars.





Title: Genomes to Fields in Arkansas—field set up and data collection

Author(s) & Affiliation(s), (Presenter’s Name in Bold): Corey Green1, Mary Rath1, Cassie Phillips1, Taylor Spencer1, Elizabeth Hood1
1Arkansas State University Biosciences Institute, Jonesboro, AR

Brief Abstract
The Genomes to Fields (G2F) project is focused on research that will estimate the best germplasm pools of corn that perform best in various soils and under various environmental and production conditions. The Arkansas effort for G2F involves growing and phenotyping 250 hybrid test crosses in two geographic areas. Corn is the 3rd most abundant row crop in Arkansas, exceeded only by rice and soybeans. The G2F project seeks to improve genetics for higher productivity with fewer inputs to attain better yields and margins for this important crop.
Goal: To increase the predictability of performance of corn hybrids under multiple growing conditions to allow informed choices of productive hybrids for farmers; to increase the efficiency and dependability of crop improvement and production.
Specific Objectives: 
1. To collect standardized data sets on 250 replicated field-grown maize hybrids in 2 locations in Arkansas—A-State farm and Marianna field station.
2. To integrate AR data with the nationwide network for corn to improve predictability of crop performance of specific corn germplasm.
The fields were planted, the rows marked, stand counts taken, and treatments recorded. Phenotypic data are being collected during the months of June and July including: per plot plant height; ear height; tasseling date and silking date. Harvest will be done by plot at the end of August in Marianna and at the end of September in Jonesboro. Data for these characteristics and for yield will be uploaded into the CyVerse database at the end of the season.






Title: “Studying the Effects of Foliar Ascorbate Content in Rice Cold Tolerance”

Author(s) & Affiliation(s), (Presenter’s Name in Bold): Sonia Elizabeth Castillo-Gonzalez1, Molly Tibbs1, Austin Wilkie1, Kathleen Yeater2, Jeremy Edwards3, Anna McClung3, Georgia Eizenga3, Susan McCouch4, and Argelia Lorence1,5
1Arkansas Biosciences Institute, Arkansas State University, Jonesboro, AR
2USDA-ARS, College Station, TX 
3USDA-ARS, Dale Bumpers National Rice Research Center, Stuttgart, AR
4Cornell University, Ithaca, NY
5Department of Chemistry and Physics, Arkansas State University, Jonesboro, AR.

Brief Abstract
Cold stress negatively impacts rice farming, lowering yields, particularly at the seedling stage. Our previous studies have shown that Arabidopsis high ascorbate (AsA) lines are tolerant to cold stress. The rice diversity panel 1 (RDP1) represents the genetic diversity of  rice (Oryza sativa) and has been extensively phenotyped and genotyped. We hypothesized that genetic diversity in the RDP1 is associated to significantly different levels of foliar AsA content, and that high AsA content supports cold tolerance. We evaluated foliar AsA content in the RDP1, identified accessions with high and low foliar AsA content, and associated those to cold tolerance. Identified high and low AsA accessions in the RDP1, reveal that the genetic diversity present in the RDP1 is associated to significantly different levels in foliar ascorbate content. To assess the correlation between AsA content with cold tolerance we exposed high and low AsA accessions to cold stress. Two out of three (66.7%) high AsA accessions were cold tolerant, whereas only three out of nine (33%) low AsA accessions were cold tolerant, as established by coleoptile length reduction. While high AsA content is not the only factor in establishing cold tolerance, our results indicate that ascorbate supports this tolerance. We also associated the results of foliar ascorbate content by subpopulation using genome wide association studies (GWAS). We found two promising regions in chromosome 2 and another two in chromosome 5 to identify candidate genes involved in synthesis, degradation, or regulation of ascorbate content in rice.







Title: Vinobot and Vinoculer: Two Robotic Platforms for Field Phenotyping

Author(s) & Affiliation(s), (Presenter’s Name in Bold): A. Shafiekhani1; R. Koester2; F. Fritschi2; G. N. DeSouza1
1Department of Electrical and Computer Engineering, University of Missouri
2Division of Plant Sciences, University of Missouri

Brief Abstract
In this research, the second generation of our robotic architecture for plant phenotyping is presented. The architecture consists of two robotic platforms: an autonomous ground vehicle (AGV) and a mobile observation tower. The AGV collects data from individual plants, while the observation tower oversees the entire field, detecting specific plants for the AGV to inspect. The advantage of this architecture is threefold: first, it allows the system to inspect large areas of the field while identifying specific regions for biotic and abiotic stresses; second, it provides high-throughput plant phenotyping in the field by either comprehensive or selective acquisition of accurate and detailed data from groups or individual plants; and third, it eliminates expensive and cumbersome aerial vehicles and their requirements for FAA-approved flight plans, as well as high maintenance, high cost, low availability, etc. As the preliminary results from our algorithms for image processing and data analysis demonstrate, the proposed architecture is cost effective, reliable, versatile, and extendable.






Title: Association of Water Use Efficiency and Grain Yield traits in Diverse Rice Genotypes under Well-Watered and Drought Stress Conditions
  
Author(s) & Affiliation(s), (Presenter’s Name in Bold): Anuj Kumar1, Supratim Basu1, Ramegowda Venkategowda1, Miranti Rahmaningsih1, Sara Yingling1, Andy Pereira1
1Crop, Soil and Environmental Sciences, University of Arkansas, Fayetteville, Arkansas 72701

Brief Abstract
Drought is the most serious constraint to crop production across the world, and can be simply defined as reduction in yield due to scarcity of water. Rice is one of the most important cereal crops feeding 50% of world’s population and requires two to five times more water than other major food crops, accounting for about 30% of the freshwater used in agriculture worldwide. Exploring ways to improve water use for crop productivity and rice grain yield is therefore of a great strategic value for sustainable crop production for the world facing water scarcity. However, grain yield of rice suffers globally owing to its low water use efficiency (WUE) under drought stress. WUE, defined here as the ratio of biomass produced per unit water used through transpiration, is an essential crop trait for sustainable water management in agriculture. Although WUE is an important component of yield, existing genetic variability for WUE has not been extensively exploited through breeding, since improvements in WUE were often associated with reduction in dry matter accumulation and hence yield. In this study, the relationship between WUE and grain yield was analyzed under well-watered and drought stress in rice plants grown under greenhouse and field conditions. The results suggest that WUE and grain yield are highly correlated under both greenhouse and field conditions. Our findings will provide valuable information for developing water use efficient and drought tolerant rice by advanced breeding approaches.
Keywords: Drought, Rice, Water Use Efficiency, Grain yield







Title: Plant Elicitor Peptides Promote ROS Signaling and Nematode Resistance in Soybean

Author(s) & Affiliation(s), (Presenter’s Name in Bold): Min Woo Lee1, Alisa Huffaker2, and Fiona Goggin1
1Department of Entomology, University of Arkansas, Fayetteville, AR72701, USA.
2Section of Cell and Developmental Biology, University of California San Diego, La Jolla, CA92903, USA

Brief Abstract
Plant elicitor peptides (PEPs) are widely distributed among angiosperms, and have been shown to amplify immune responses in multiple plant families. Here we characterize three PEPs from soybean (Glycine max), and describe their effects on plant defenses against the root-knot nematode (Meloidogyne incognita) and soybean cyst nematode (Heterodera glycines), major pests of numerous vegetable and field crops worldwide. We demonstrate that treating soybean seeds with exogenous GmPEP1, GmPEP2, or GmPEP3 can suppress reproductions of both nematode species. In addition, root systems of seedlings that had received PEP seed treatments displayed enhanced expression of several defense genes previously implicated in plant defenses against nematodes: genes encoding a nucleotide binding site leucine rich repeat protein (NBS-LRR), respiratory burst oxidase protein (RBOHD) and pectin methylesterase inhibitor (PMEI). Interestingly, expression of RBOHD which generates extracellular superoxide during the oxidative burst was highly induced not only roots but also in leaves of plants grown from GmPEP-treated seeds. Moreover, reactive oxygen species (ROS) accumulation was also enhanced in the roots and foliage in the GmPEP-treated plants compared to water-treated controls. These results together suggest that PEPs activate plant defenses against nematode infection through ROS signaling and transcriptional reprogramming, and that PEP seed treatments represent a potential strategy for nematode management.  





Title: Dual role of heat shock factor OsHSFA2e in regulating grain yield under drought and heat stress in rice

Author(s) & Affiliation(s), (Presenter’s Name in Bold): Venkategowda Ramegowda1, Supratim Basu1, Subodh Kumar Srivastava1, Chirag Gupta1, Julie Thomas1, Arjun Krishnan2, Andy Pereira1,2,*
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2Virginia Bioinformatics Institute, Virginia Tech, Blacksburg, VA 24061.
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Brief Abstract
Drought and heat stress are the two most important abiotic stresses affecting crop yields worldwide. The increasing threat of climatological extremes underscores the importance of developing crop plants tolerant to drought and high temperature. In this study, the role of heat shock factor OsHSFA2e in regulating drought and heat stress response of rice was evaluated using knock-out mutant. Loss-of-function of OsHSFA2e reulted in reduced tolerance of rice seedlings to PEG induced osmotic stress and loss of basal, short-term acquired and long-term acquired thermotolerance.  The hsfa2e mutant plants exhibited reduction in photosynthesis, water use efficiency and biomass under controlled drought and high temperature stress compared to wild-type. Further, hsfa2e mutant plants also showed significant reduction in grain yield under drought and high temperature stress attributed to reduced grain filling. Transcriptome analysis by RNA-sequencing revealed differential expression of several genes encoding glutathione S-transferase under drought stress. Steroid receptor-based transcriptional activation assays with OsHSFA2e showed that the glutathione S-transferases OsGSTU11, OsGSTU31 and OsGSTU33 are directly regulated by OsHSFA2e. In conjunction with the role of OsHSFA2e in regulating glutathione S-transferases, which are involved in oxidative stress response, OsHSFA2e loss-of-function mutants showed increased sensitivity to methyl viologen and H2O2 induced oxidative stress.  These results exemplify the role of OsHSFA2e in potentially regulating grain yield under drought as well as high temperature stress by evading oxidative damage in rice.






Title: Phenotypic Effects of Silencing Fatty Acid Desaturase 3 in Tomato
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Brief Abstract
Fatty acid desaturase 3 (FAD3) and Fatty acid desaturase 7 (FAD7) are enzymes that are involved in fatty acid synthesis, and that are found throughout the plant kingdom.  Manipulating the expression of FADs in certain plants using overexpression, antisense suppression, or null mutations has previously been shown to influence many plant phenotypes, including chlorophyll content and resistance to many stresses.  For example, loss of function of FAD7 in tomato has recently been shown to immunize plants against the potato aphid, Macrosiphum euphorbiae. The goal of this study is to examine the phenotypic effects of enhancing or inhibiting expression of FAD3 in tomato.  FAD3 expression levels, plant growth, chlorophyll content, and infestation levels of the potato aphid were measured in transgenic tomato lines with antisense suppression or overexpression of FAD3 compared to untransformed wild-type controls. These experiments allowed us to test the hypothesis that suppressing expression of FAD3 would influence plant health and immunity.





Title: Preparation of Isotopically Labeled Ascorbic Acid Precursors to Better Understand Ascorbic Acid Biosynthesis in vitro and in planta

Author(s) & Affiliation(s), (Presenter’s Name in Bold): Patrick L. Cavins1, Susan Z. Lever 1,2 
1 Department of Chemistry, University of Missouri, Columbia MO 65211
2 University of Missouri Research Reactor (MURR), University of Missouri, Columbia MO 65211
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Brief Abstract: Ascorbic Acid (AsA) is widely synthesized in a variety of plants; however, the biosynthetic pathways of AsA in planta are not completely understood. L-gulono-1,4-lactone oxidase (GulOx) and L-galactono-1,4-lactone oxidase (GalOx) have been identified in A. thaliana as gatekeepers to AsA production. These enzymes transform L-gulono-1,4-lactone (3) and L-galactono-1,4-lactone (6) into AsA. Isotopically labeled lactones are pharmacologically indistinguishable from their non-labeled counterparts. Carbon-13, a stable isotope with favorable mass spectrometry (MS) and nuclear magnetic resonance spectroscopy (NMR) properties, can be utilized as a surrogate for C-11 or C-14. The pentoses L-Xylose or L-Lyxose are mixed with commercially available potassium cyanide (99% 13C enriched) extending the carbon backbone by one carbon. Aldononitriles (1, 4) are converted to the respective aldonic acids (2, 5) by addition of barium hydroxide octahydrate. Acidification using 18N sulfuric acid precipitates BaSO4. The resulting mother liquor is heated under reduced pressure to cyclize the aldonic acids to the corresponding lactones (3, 6). Using two consecutive methyl cellosolve recrystallizations the preferred epimer, 13C-3, was crystallized, and analytically characterized with an overall yield of 22%. To date, 13C-6 characterization is underway.  Overall, this multi-step process requires optimization for rapid carbon-11 synthesis.  Using a commercial source of 13C-AsA and 13C-6, Foley, K. (Poster #25) has been developing methods for monitoring both in planta. 


Title: Probing L-Ascorbic Acid (AsA) Biosynthesis In Planta With Isotopically Labeled Substrates
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Brief Abstract
[image: ]In order to better observe in planta biosynthesis of L-ascorbic acid (Vitamin C, AsA), the precursors, L-gulono-1,4-lactone (L-GulL) and L-galactono-1,4-lactone (L-GalL), can be isotopically labeled with a stable isotope such as 13C, as shown by P. Cavins (Poster #24). The utilization of this carbon isotope with these precursors broadens the number of potential methods of chemical analysis of plant samples, including the ability to use 1H and 13C Nuclear Magnetic Resonance (NMR) spectroscopy, which provides insight into the chemical structure of a compound based on chemical shifts. As a prelude to plant studies, we have confirmed that 13C NMR chemical shifts for the 13C labeled carbon can differentiate L-[1-13C]GulL from L-[1-13C]AsA in high sensitivity (0.1 mM).  
Experiments have been conducted involving 1 hr “bouquet” inoculations of A. thaliana leaves with different concentrations of commercially available L-[1-13C]AsA as a positive control to preview uptake of synthesized labeled precursors.  These inoculated samples have been processed and analyzed with UV-Vis spectroscopy and NMR in order to determine extent of uptake as a function of [AsA], leaf number, and age.  Recently, work has begun with inoculations of L-[1-13C]GulL in order to monitor enzymatic transformation to L-[1-13C]AsA. Results to date suggest that the experimental protocol is sensitive to active biosynthesis. These 13C-labeled material studies should provide insight into subsequent synthesis and analysis with radioactive 11C (t1/2 = 20 min) and 14C (t1/2 = 5730 y) precursors.
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Title: Characterization of Putative NPR1-dependent Aphid Resistance Factors in Tomato
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1Department of Entomology, University of Arkansas, Fayetteville, AR
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Brief Abstract
The suppressor of prosystemin-mediated responses2 (spr2) mutant in tomato (Solanum lycopersicum), which carries a loss-of-function mutation in Fatty Acid Desaturase 7 (FAD7), displays enhanced aphid resistance when compared to wild-type plants.  Aphid resistance in this mutant requires salicylic acid (SA) accumulation and expression of NONEXPRESSOR OF PATHOGENESIS-RELATED PROTEINS1 (NPR1), a major transporter of SA. To investigate the basis of aphid resistance in spr2, we have used RNA-seq analysis to compare aphid-responsive gene expression in spr2 and wild-type plants with normal or compromised NPR1 expression.  This approach identified numerous transcripts that were highly upregulated in the spr2 mutant upon aphid infestation, but that were down regulated when NPR1 was silenced using VIGS. These candidates, which may contribute to NPR1-dependent aphid resistance in spr2, include genes encoding nucleotide-binding, leucine-rich repeat (NB-LRR) proteins, receptor kinases, membrane transporters, transcription factors, and cell death-associated factors. To identify complete set of genes that are potentially regulated down stream of NPR1 activation, we are synthesizing NPR1 knockout mutant in spr2 and wild-type using CRISPR/Cas9 system. Each of the four targets identified were first cloned into pYLsgRNA-AtU26-29 vector. All four target-gRNA cassettes were assembled into plant expression vector pYLCRISPR-pUBI-HYG using golden gate cloning. Agrobacterium mediated Transformation is currently ongoing to transform spr2 and wild-type genotypes. Comparison of gene expression between identified mutants of spr2, spr2-npr1 and wild-type-npr1 should identify defense genes that act downstream of NPR1 to impart aphid resistance; furthermore, this project should shed light on SA-responsive signaling nodes that are modulated by fatty acid metabolism.
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Brief Abstract
Plants in their natural habitat are often attacked by a diverse array of pathogens that can affect plant growth and significantly impact agricultural productivity. In response to pathogens, plants have evolved a multi-layered immune system to detect pathogens and induce defense responses. There is growing body of evidence that the endomembrane system plays critical roles in both pre-invasive and post- invasive defense. However, little is known about the components of the endomembrane system implicated in plant immunity. Using a genetic screen using virus-induced gene silencing (VIGS) in Nicotiana benthamiana, we recently identified NHR2 (nonhost resistance 2), as a unique protein associated with plant immune responses. The Arabidopsis thaliana orthologs, AtNHR2A and AtNHR2B, localize to subcellular compartments of the endomembrane system. Because the function of AtNHR2A and AtNHR2B is not known, we utilized a yeast two-hybrid (Y2H) system to identify proteins interacting with AtNHR2A and AtNHR2B, to elucidate protein-protein interaction networks and, further define the function of AtNHR2A and AtNHR2B during plant immunity.  Y2H initial screening identified 99 proteins interacting with AtNHR2A and 65 proteins interacting with AtNHR2B.  Interestingly, despite sequence similarity between AtNHR2A and AtNHR2B, they interact with distinct set of proteins, highlighting that AtNHR2A and AtNHR2B belong to different protein networks and do not have redundant functions. In this work we use Bifluorescence molecular complementation (BiFC) to show that some of the proteins interacting with AtNHR2B in yeast also interact in plant. This study is shedding light into components of the endomembrane system participating in plant immunity.







Title: Comparison of growth and photosynthesis in tomato genotypes with differing levels of aphid resistance
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Brief Abstract

Loss of function of Fatty Acid Desaturase 7 (FAD7) in tomato alters the fatty acid profiles of chloroplast membranes and enhances resistance against potato aphids. We hypothesize that changes in the chloroplast membrane in FAD7-impaired plants alter photosynthesis, which in turn may influence plant defense responses. To test the influence of FAD7 on photosynthesis, we compared chlorophyll content, gas exchange, and chlorophyll fluorescence in isogenic tomato genotypes with normal (wild-type) and impaired FAD7 function (mutant) under two light intensities (220 µM/m2/sec and 440 µM/m2/sec). Results indicated that loss of function of FAD7 reduced total chlorophyll content and minimal fluorescence (F0), but enhanced the carbon assimilation and maximum quantum efficiency of photosystem II (Fv/Fm). Carbon assimilation also increased with higher light intensity, but light levels did not influence the effects of FAD7. The total leaf area between the two genotypes was similar in young plants. To test whether these differences in photosynthesis resulted in differences in growth, we also used a High Throughput Phenotyping (HTP) system to compare the size and architecture of seedlings of the two genotypes. At day 15 after germination, the width of the plant canopy appeared to be greater for the mutant than for wild-type plants. It appears that the functioning of the electron transport chain is different between wild-type and the mutant, which could in turn influence plant growth, reactive oxygen species generation, and defensive signaling. These data provide a foundation for further investigations of the influence of fatty acid metabolism on plant defenses against insects. 










Title: Comparison of 3D Modeling Techniques for Plant Phenotyping
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1Department of Electrical and Computer Engineering, University of Missouri	

Brief Abstract
Three-dimensional (3D) imaging of plant shoots plays a vital role in phenotyping, especially in understanding plant responses to abiotic stress. Three main techniques are available today that can provide high-throughput in plant phenotyping: time-of-flight sensors, such as LIDAR; near-infrared (NIR) structure-light sensors, such as the Kinect; and multi stereopsis, i.e. RGB images obtained from multiple cameras. Most of these systems perform best in greenhouse applications due to the complexity and variability of outdoor conditions. For example, LiDARs can be used outdoors, but their applications are limited to unmanned-aerial vehicles (UAVs) or even ground-based vehicles (GBVs) for the measurement of canopy structure (e.g. volume and height). However, many researchers would argue that the response of plants to abiotic stress can be better understood under field conditions.
In this research, we will evaluate and compare these three techniques for 3D imaging in field phenotyping. In the case of the LiDAR, we will use a Leica model C10, which provides 360x270-degree views with 0.003 angular resolution; for the NIR sensor, we will use a Kinect with 1cm depth resolution @ 2m distance; and for the multi-stereopsis, we will use a RGB FLEA-2 camera with 1624x1224 resolution. We will present both qualitative and quantitative results on cloud of points obtained by these three types of sensors under different field conditions (e.g. sun lighting, overcast, etc.). In all these cases, multiple point clouds will be collected and stitched together using the appropriate algorithm in order to create the richest possible 3D image from each sensor.





Title: Imaging redox responses to aphid feeding in Arabidopsis thaliana  
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Brief Abstract
The green peach aphid (Myzus persicae) is a globally important insect infecting vegetables and other crops. Aphid feeds on plants with piercing-sucking mouthparts and secrete distinct secretions known as saliva. The saliva contains oxidizing enzymes, however, little is known about whether plant responses to aphid feeding are oxidative or reductive. The goal for this study is to characterize plant redox responses to aphids using a transgenic Arabidopsis thaliana line expressing a redox sensitive variant of green fluorescent protein (roGFP2) in the chloroplast.   roGFP2 is a quantitative biosensor for assessing the redox potential of glutathione, a redox buffer that it is a part of signal transduction pathways transmitting environmental signals during biotic and abiotic stress. The redox changes are dependent on the ratio of two excitation peaks (490 nm/400 nm) of roGFP2. In this study, the relative fluorescence was observed at the excitation wavelength from 350 nm to 500 nm  with Cytation 3 Cell Imaging Multi-Mode Reader - Bio-Tek after 0 h, ¼ h, ½ h, 1 h, 2 h, 4 h, 8 h, 20 h, 24 h, 28 h, 32 h, 44 h, 48 h with or without aphid feeding.  The results indicated that aphid feeding leads to the decrease of ratiometric of 490 nm/400 nm after ¼ h of feeding, suggesting that aphids induce on an oxidative reaction in the chloroplasts of host tissues.   


The redox reaction of Arabidopsis thaliana to green peach aphids, Myzus persicae (Sulzer)  
   
Junhuan Xu,      Fiona Goggin
319 Agricultural Building, Department of Entomology, University of Arkansas, Fayetteville, AR 72701, USA
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Brief Abstract
Reactive oxygen species (ROS) such as superoxide (O2−), hydrogen peroxide (H2O2) and singlet oxygen (1ΔO2) are generated in plants in response to biotic and abiotic stresses and can play a role in defense signaling. Certain promoters respond strongly and specifically to particular ROS, and can be used to develop reporter gene fusions to visualize the timing and localization of ROS accumulation. This approach has been successfully deployed to detect H2O2 and 1ΔO2, but currently no specific reporter is available for O2−. The goals of this study were to identify promoters that respond specifically to O2− and to utilize them to develop reporter gene fusions for O2−detection. Results from Arabidopsis thaliana showed that genes encoding an uncoupling protein (UCP2), zinc-finger protein (Zat12) and a glycine rich protein (GRP) were specifically induced by O2−; moreover, a UCP2 homolog is also upregulated by O2− in Zea mays. Promoter sequences for Arabidopsis UCP2 and GRP have been cloned and fused with open reading frames encoding green fluorescence protein (GFP) or luciferase (Luc) in a pGWB destination vector. The four resulting constructs have been introduced into Arabidopsis through floral dip transformation, and the selection and characterization of transgenic lines is underway. In addition, Arabidopsis lines that express a Zat12:Luc reporter  fusion were developed, and luciferase activity was characterized in response to water, H2O2, or elicitors of  O2− (methyl viologen, MV), or 1ΔO2 (rose bengal, RB). Results indicated that Zat12:Luc is strongly responsive to O2− with only modest response to H2O2. Thus, reporter gene fusions represent a promising approach for O2− detection.


Superoxide-responsive gene expression in Arabidopsis thaliana                                                Junhuan Xu,      Fiona Goggin 
319 Agricultural Building, Department of Entomology, University of Arkansas, Fayetteville, AR 72701, USA
 





Title: PhenoPiSight: Fixed Camera Greenhouse-based Phenotyping Platform
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1Donald Danforth Plant Science Center, Saint Louis, MO, USA

Brief Abstract
PhenoPiSight is an effort to develop an efficient, cost-effective method of extracting informative plant phenotypes in a controlled greenhouse environment.  We have deployed a fixed-camera based platform at the Donald Danforth Plant Science Center that implements rapid and automated plant phenotyping.  This platform uses low-cost Raspberry Pi computers and digital cameras to monitor above-ground morphological and developmental crop phenotypes. 
The PhenoPiSight team is currently managing 180 Raspberry Pis deployed and wirelessly maintained in Greenhouse 9C at the Donald Danforth Plant Science Center. The Raspberry Pi is a readily programmable, credit card-sized computer board with remote accessibility.  A standard Raspberry Pi camera module allows for five megapixel image resolution. With a fixed array, or bramble, of Raspberry Pi computer boards and camera modules placed strategically in the greenhouse, we can capture automated, high-resolution images for individual plants on timescales in the range of minutes to hours capturing temporal changes in plant phenotypes.
Preliminary 3D reconstructions and image analyses are being carried out in VisualSFM and CloudCompare. Using the connected components analysis in CloudCompare, we are able to bound and separate each individual plant in the greenhouse and accurately calculate measures of biomass accumulation, plant height, leaf area, leaf angle and growth rate. Using ground-truth and image-derived measurements of plant heights, we obtained R-squared values of greater than 90%. When comparing these results, greater than 90% of the data points fell within the limits of agreement. We are further validating these results with additional ground-truth measurements for all plant traits of interest.  
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Brief Abstract
Trace metals of iron (Fe), zinc (Zn), copper (Cu) and manganese (Mn) are known as essential metals to all organisms, while metals like cadmium (Cd), mercury (Hg), lead (Pb) and arsenic (As) are not needed for any biological function (non-essential).  Plants have developed specific methods to sense, transport and maintain these essential metals within physiological concentrations and also to detoxify non-essential metals.  In this study, we are attempting to visualize the dynamic leaf to leaf trace metal transport mechanisms using the reference plant Arabidopsis thaliana and the imaging radioisotope 107Cd.  107Cd is produced in the Washington University School of Medicine by bombarding natural silver (107Ag) targets with an accelerated beam of protons.  107Cd is recovered from the anion exchange column by 3 M HNO3 acid with 10 mL fractions and after total evaporation of the acid and it is reconstituted in 50 mmol MES buffer to be used in plant studies.   3½ week old Arabidopsis plants  were grown in special pots to fit the nano-SPECT setup.  Selected healthy leaf (load leaf) was incubated with 6 mCi of 107Cd in 50 mmol MES buffer at pH 5.5, containing 20 μmol of cold Cd2+ carrier for 4 h. After incubation load leaf was washed with ~10 mL of water and imaged with SPECT and PET for 1 h.  Static images were obtained using SPECT, PET and autoradiography techniques.  Future studies will investigate dynamic imaging of leaf to leaf metal transport and transport specific vs mutant Arabidopsis plants.  










Title: Far-Red Light Affects Carbon Transport in Arabidopsis thaliana
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Brief Abstract
Although much of a plant’s biomass is capable of photosynthesis, growing tissues often require more carbon resources than their own local photosynthesis can supply. Transport of surplus carbon from non-growing tissues (sources) to growing tissues (sinks) is thus an important process to distributing carbon resources. Far-red light is a signal to plants of nearby plant competitors and is known to stimulate growth processes. In this study I used 14C-sucrose to track movement of sugars between leaves. I found that far-red light suppresses export of carbon from leaves, and that this is dependent on the relative maturity of the leaf. Specifically far-red decreases carbon export from young, growing leaves (sinks) but does not affect carbon export from older, mature leaves (sources).
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