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The following abstracts will be included in an upcoming issue of In Vitro Cellular 

and Developmental Biology: 

ANIMAL POSTER ABSTRACTS  
 BIOTECHNOLOGY 
 A-3000 Establishment and Preliminary Characterization of a Lactating Caprine Mammary Gland Luminal 

Epithelial Cell Line 
  Mahipal Singh, Fort Valley State University, Ben Hortman, Venkata N. Degala, and Xiaoling Ma  
 
 CELLULAR AND MOLECULAR TOXICOLOGY 
 A-3001 Cadmium-induced Expression of MicroRNA 126a-5p in NRK-52E Rat Proximal Tubule Epithelial Cells 
  Zyaria Stubbs-Russell, Midwestern University, Lauren A.C. Alt, Prem Patel, Elise Charron, Ribhi Salamah, 

Joshua R. Edwards, Marc H. Scheetz, Walter C. Prozialeck, and Michael J. Fay  
  
 CELLULAR PATHOLOGY 
 A-3002 Dysregulation of Gap Junctions by Environmental Toxicants Through Inflammation Pathways 

Brad L. Upham, Michigan State University, Katelyn J. Siegrist, DeeDee Romo, Kalpana Velmurugan, Michael 
Armstrong, Jonathan Manke, Nichole Reisdorph, and Alison K. Bauer 

 
 CYTOKINES 
 A-3003 Enhancing Delivery and Efficacy of a Novel Plant-produced Therapeutic Fusion Protein for Boosting 

Channel Catfish Immunity 
  Madalyn Weiner, Arkansas State University, Lana Elkins, and Maureen C. Dolan 
 
 DIFFERENTIATION 
 A-3004 Comparison of the Osteogenic Capacity of Dental Derived Stem Cells 
  Steven Kaufman, Midwestern University, Elisha Pendleton, and Nalini Chandar 
  
 INFECTIOUS DISEASES 
 A-3005 Heparan Sulfate Analog SPGG - a Potent Inhibitor of Human Cytomegalovirus Infection 
  Dominik D. Kaltenbach, Midwestern University, James Elste, Harsh Sharthiya, Michele Fornaro, Umesh R. Desai, 

and Vaibhav Tiwari 

 
 OTHER IN VITRO ANIMAL CELL SCIENCE TOPICS 
 A-3006 The Effects of Strength Training and Diet on the Gut Microbiota in Weightlifting Athletes 

G. Brigando, Midwestern University M. Pytynia, K. Martinez-Guryn, M. Ciancio, and C. Evans 
 A-3007 Identifying Genetic Cues Associated with Enhanced Axonal Growth in Dorsal Root Ganglia Grown Ex 

Vivo on Nano-scale Grooved Topographical Surfaces 
Julie Ellen Tamayo, Midwestern University, Kelly Keeler, Joshua Z. Gasiorowski, Michele Fornaro, and Kolla 
Kristjansdottir 

 
 PHYSIOLOGY 
 A-3008 Protective Effects of Brassica Extracts in an Aging Rodent Model 
  Sierra Bonney, North Carolina State University, Mickey Wilson, Jia Xiong, David Raines, and Debora Esposito 
 
 ANIMAL SILENT ABSTRACT 
 A-3009 Doublet Asymmetric Polymerase Chain Reaction (DA PCR) – A New Method for Synthesizing Single-

stranded Oligonucleotides Under In Vitro Conditions 
  V. V. Oberemok, V. I. Vernadsky Crimean Federal University, and K. V. Laikova 
 

EDUCATION SILENT ABSTRACTS 
 E-3000 Investigating the Oxidative Stress Response of Huntington Disease Neurons 
  Ritika Jeloka, University of Central Florida, Emily Machiela, Yuanyun Xie, Amber Southwell 
 E-3001 Assessing the Importance of Asymmetrical Cell Division and Neurotrophins in Glioblastoma Cancer Stem 

Cell Survival 
Brennen Keuchel, Cleveland Clinic, Masahiro Hitomi, Justin Lathia, and Anastasia Chumakova 
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PLANT POSTER ABSTRACTS 
 BIOTECHNOLOGY 
 P-3000 Plant Regeneration Through Cyclic Secondary Embryogenesis in Androgenic Cultures of Camellia 

assamica ssp. assamica and Clonal Fidelity Assessment Using RAPD Marker 
Rakhi Chaturvedi, Indian Institute of Technology Guwahati, and Bajpai Ruchira 

 P-3001 Facilitating Genome Engineering Through RNP-mediated Precise Gene Targeting 
  Mainak Das Gupta, University of Potsdam, Florian Roesch, Lena Hochrein, Fabian Machens, and Bernd Mueller-

Roeber 
 P-3002 Development of Transgenic Sorghum Lines to Evaluate Water Use and Photosynthetic Efficiencies 

Albert P. Kausch, University of Rhode Island, Kimberly Nelson-Vasilchik, Joel Hague,  Jiayin Liu, Rathanack Yi, 
Louis Costabile, Asaph Cousins,  Robert DiMario, Dan Voytas, Matthew Zinselmeier, Colby Starker, Yang Liu, 
Andrew Leakey, ParthibanThathapalli Prakash, Joshua Rosnow, and Ivan Baxter 

 P-3003 Targeted Mutagenesis of the OsACS Locus Alters Phosphate Deficiency-Induced Adaptive Responses in 
Rice Seedlings 

  Han Yong Lee, Purdue University, Gyeong Mee Yoon, Zhixiong Chen, and Cankui Zhang 
 P-3004 Evaluation of Overexpression of the Maize Silkless Gene sk1 in Transgenic Sorghum 

Jiayin Liu, University of Rhode Island, Joel Hague, Kimberly Nelson-Vasilchik, and Albert P. Kausch 
 P-3005 Modular Assembly of Gene Constructs for Engineering Lipid Accumulation into Energycane 

Guangbin Luo, University of Florida, John Shanklin, and Fredy Altpeter 
 P-3006 Improved Meristem-Based Legume Transformation Targeting Value-Added Explants 
  Frank McFarland, University of Wisconsin, Brian Martinell, Edward Williams, Rob Harnish, Amy Miyamoto, Ian 

Albert Ragonese-Barnes, Jill Mahoy, Chantilly Schroedl, Seth Olson, Abigail Ball, Michael Peterson, Vai Sa Nee Lor, 
Phoebe Blackman, Mark Thompson, Shawn Kaeppler, and Heidi Kaeppler 

 P-3007 Use of a Temporary Immersion Bioreactor System to Transform American Chestnut Somatic Embryos 
Linda McGuigan, State University of New York, Allison Chartrand, Lilibeth Northern, Kristen Russell, William 
Powell, and Charles Maynard 

 P-3008 A Modular Cloning (MoClo) Kit for Fast and Flexible Assembly of Chloroplast Transformation Vectors 
  Alessandro Occhialini, University of Tennessee, Alexander C. Pfotenhauer, Agnieszka Piatek, C. Neal Stewart 

Jr., and Scott C. Lenaghan 
 P-3009 Sequence, Assembly and Annotation of Bayer's Maize Inbred Line LH244; a New Resource for Maize 

Genetics and Transformation 
  Shubha Subbarao, Bayer CropScience, Yuechun Wan, Charles Armstrong, Rebecca Rode, Vladimir Sidorov, David 

Duncan, Ruth Wagner, Zane Goodwin, Graziana Taramino, Annie Saltarikos, Tom Slewinski, Phil Taylor, John 
LeDeaux, Keith Decker, Matthew Dimmic, Mitch Sudkamp, Paul Chomet, Guy Kol, Omer Barad, Kobi Baruch, Shawn 
Kaeppler and Mike Peterson 

 P-3010 Co-expressing a Reporter Protein to Establish Elite Tobacco BY-2 Cell Lines for High-yield Production of 
Recombinant Proteins 

  Jianfeng Xu, Arkansas State University, and Tristen Wright 
  
 CELL BIOLOGY 
 P-3011 Arabidopsis Presenilins are Involved in Autophagy 
  Ammar Hassan, The University of Bonn, and František Baluška 
  
 CELLULAR AND MOLECULAR BIOLOGY 
 P-3044 Expression Profiling of Arsenic Responsive Genes in Pteris vittata Subjected to Different Arsenic Stresses 
  Osagie Idehen, Tuskegee University, Marceline Egnin, Ramble Ankumah, Raymon Shange, Adrianne Brown, 

Gregory C. Bernard, Conrad Bonsi, Foaziatu Burkari. Adrianna Brown, and Inocent Ritte 
 P-3045 Comparative Assessment of Microbial Structure and Enzyme Activities in Two Forest Management 

Practices 
  Sangita Karki, Tuskegee, University, Raymon Shange, Ramble Ankumah, Wendell McElhenney, and Osagie Idehen 
 
 DISEASE RESISTANCE 
 P-3046 Cloning and Characterization of Translation Initiation Factors eIF4E and eIF(iso)4E in Sweetpotato 

(Ipomoea batatas L.) 
  Adrianne Brown, Tuskegee University, F. Bukari, M. Egnin, G. C. Bernard, D. Mortley, and C. Bonsi 
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 P-3047 Comparative Analysis of Four Corn Inbred Lines by Amplified Fragment Polymorphism Reveals Markers 
Associated with Resistance Against Corn Lethal Necrosis Disease 

  Inocent P. Ritte, Tuskegee University, M. Egnin, P. Kulsolwa, G.C. Bernard, G. He, and C. Bonsi 
  
 EMBRYOGENESIS 
 P-3048 Improving the Efficiency of Wheat Microspore Culture Methodology – Evaluation of Pretreatments, 

Gradients, and Epigenetic Chemicals 
Alison M. R. Ferrie, National Research Council of Canada, H. M. Wang, J. L. Enns, K. L. Nelson, J. M. Brost, 
and T. D. Orr 

  
  GENETIC ENGINEERING  
 P-3012 Precision Nucleotide Editing in Sugarcane Following Homology Directed Repair of Targeted DNA Breaks 
  Fredy Altpeter, University of Florida, Tufan Mehmet Oz, Angelika Altpeter, Ratna Karan, and Aldo Merotto 
 P-3013 A Fortuitous Discovery of β-Glucosidase from Corn Seed in The Purification of Recombinant Expansin 

from Transgenic Maize 
  Hong Fang, Arkansas State University, and Elizabeth E. Hood 
 P-3014 A Unified Agrobacterium-mediated Transformation Protocol for Alfalfa (Medicago sativa L.) and Medicago 

truncatula.  
Qingzhen Jiang, Noble Research Institute, Chunxiang Fu, and Zeng-Yu Wang   

 P-3015 Over-expression of Miscanthus Pyruvate Orthophosphate Dikinase (PPDK) in Energycane for Improving 
Cold Tolerance and Biomass Yield 
Baskaran Kannan, University of Florida, Angelika Altpeter, Thaibinhduong Nguyen, Paul South, Steve Long, and 
Fredy Altpeter 

 P-3016 Efficient CRISPR-mediated Genome Editing in Cultivated Strawberry 
   Jin-Hee Kim, UF/IFAS, Cheol-Min Yoo, Alfred Huo, and Seonghee Lee 
 P-3017 A Synthetic Biology Approach to Gossypium hirsutum TAM66274 Ultra-low Gossypol Cottonseed 

(ULGC) Neomycin phosphotransferase II (nptII variant) Gene Deletion 
   Jonathan E. Meuser, Chi Botanic, and Robert Jinkerson  
 P-3018 Establishing a Rapid Readout System for Genome Editing of Sugarcane 
   Chakravarthi Mohan, University of Florida, Duoduo Wang, and F. Altpeter 
 P-3019 Genetic Transformation of the Ozark Chinquapin (Castanea ozarkensis) 
   Hannah C. Pilkey, SUNY College of Environmental Science and Forestry, Linda D. McGuigan, and William A. 

Powell 
 P-3020 Developing a Genetic Transformation Protocol for Elite Energycane Cultivars to Enhance Energy 

Content 
   Matthew Schneider, University of Florida, Guangbin Luo, Baskaran Kannan, Hui Liu, John Shanklin, and Fredy 

Altpeter 
 P-3021 Altering Lignin Polymerization in Sugarcane Biomass by Expression of an Engineered Monolignol 4-O-

Methyltransferase 
   Ramkumar Thakku, University of Florida, Yunjun Zhao, Baskaran Kannan, Chang-Jun Liu, and Fredy Altpeter 
 P-3022 Activating Transgenes Via the Cre/loxP Two-component System in Cowpea (Vigna unguiculata) 
   Zhifen Zhang, University of Georgia, Yinping Guo, Kathleen Monfero Marasigan, and Peggy Ozias-Akins 
  
 IN VITRO TOOLS AND TECHNIQUES 
 P-3049 Evaluating the Effect of Selective Media on In Vitro Propagation of Pteris ensiformis and Pteris vittata 
  Capri Charleston, Tuskegee University, Osagie Idehen, Marceline Egnin, Adrianne Brown, Foaziatu Bukari, Gregory 

C. Bernard, Conrad Bonsi, and Ramble Ankumah 
 
 MICROPROPAGATION 
 P-3023 Determining Culture Medium Requirement for Optimal Efficiency of Temporary Immersion Bioreactor 

System in the Scale-up Propagation of Clean Breeder Planting Materials of White and Water Yams 
  Morufat Balogun, International Institute of Tropical Agriculture (IITA), Norbert Maroya, Julius Taiwo, and Robert 

Asiedu 
  P-3024 A Comparative Analysis of Liquid vs. Semi Solid Media in the Multiplication Stage of Hemerocallis spp 
  Joshua Callaghan, University of Guelph, and Max Jones 
 P-3025 Embryo Excision of Cannabis sativa L  

Kyle Chabrier, Emergent Cannabis Sciences, and Hope Jones 
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 P-3026 Cannabinoids Analysis of Micropropagated Cannabis sativa L. Varieties Using Gas Chromatography-Flame 
Ionization Detector (GC-FID) 

  Suman Chandra, University of Mississippi, H. Lata, M.M. Radwan, C.G. Majumdar, and M.A. ElSohly 
 P-3027 Date Palm Micropropagation: 30 Years of Research Findings and Achievements 
  C. Sudhersan, Kuwait Institute for Scientific Research, S. Jibi, L. Al-Sabah, and S. Al-Melhem 
 P-3028 Micropropagation Studies of Lepidium ostleri a Utah Endemic Species 
  Olga R. Kopp, Utah Valley University, Alyson DeNittis, Stephen Florence, Stayner Richards, Michelle Piepgrass, and 

Cameron Kapp 
 P-3029 Regeneration of Shoots from Mature and Immature Inflorescences of Cannabis sativa 
  Gregory Golenia, Canopy Growth Corporation, Kevin Puinno, Ekaterina Boudko, Cassandra Downey, and A. M. P. 

Jones 
 P-3030 Culture Conditions for Sporophyte Production of Green Bean Fern (Lemmaphyllum microphyllum C. Presl) 

Bo Kook Jang, Chungbuk National University, Kyungtae Park, and Cheol Hee Lee 
 P-3031 Optimal Culture Conditions for Mass-propagation of Gametophytes and Sporophytes in Thelypteris 

palustris (Salisb.) Schott 
  Ha Min Lee, Chungbuk National University, Bo Kook Jang, Kyungtae Park, and Cheol Hee Lee 
 P-3032 Mass Propagation of Dryopteris simasakii (H. Itô) Kurata. Using In Vitro Culture Technique 
  Kyungtae Park, Chungbuk National University, Bo Kook Jang, Cheol Hee Lee, and Ju Sung Cho 
 P-3033 Topolin Cytokinins for Micropropagation of Elite Tropical Timber Wood Tree Species 
  Romain Martin, Greenlab Biotechnology, Maroua Grira, Jean-Paul Reynoird, and Stefaan Werbrouck  
 P-3034 Phytotoxicity of Streptomycin to Cannabis sativa 
  Savanah St. Clair, Knockout Genetics, LLC, and Norman Senn 
 P-3035 Saving the Federally Endangered Rare Virgin Islands Thorn Lily (Catesbea malanocarpa) by Tissue Culture 

Thomas W. Zimmerman, University of the Virgin Islands  
 
 METABOLIC ENGINEERING 
 P-3036 Metabolic Engineering of the Astaxanthin Biosynthetic Pathway in Citrus 
  Quinton Allen, University of Florida, Vicente Febres, Bala Rathinasabapathi, Gloria Moore, and José Chaparro 
 P-3037 Environmental Impacts on Triacyl Glycerol Accumulation in Vegetative Tissues of Oilcane 
  Sofia Cano, University of Florida, Saroj Parajuli, Baskaran Kannan, Hui Liu, Eva Garcia-Ruiz, Huimin Zhao, John 

Shanklin, and Fredy Altpeter 
P-3038 2A Peptides and Golden Gate Modular Cloning based Polycistronic Expression System for Plants 

Je Hyeong Jung, Korea Institute of Science and Technology (KIST), Jae Hoon Lee, and Hyo Jun Won 
 
 OTHER PLANT BIOTECHNOLOGY TOPICS 
 P-3039 Alaskan Wild Berry Extracts Promote Skin Repair and Attenuate Inflammatory Response In Vitro 

John Overall, North Carolina State University, Debora Esposito, Mary H. Grace, Slavko Komarnytsky, and Mary 
Ann Lila 

 P-3051 Transformation of Elite Genotype of Cotton (Gossypium hirsutum L.) to Combat Cotton Leaf Curl Disease 
  Sameena Khatoon, Jamia Millia Islamia, Abhinav Kumar, Neera B. Sarin, and Jawaid A. Khan  

 
 SOMATIC CELL GENETICS 

P-3040 A Suppressor Screening to Identify a New Component in Cytokinin-Mediated Ethylene Biosynthesis 
Chanung Park, Purdue University, Dong Hye Seo, and Gyeong Mee Yoon 

 
 PLANT SILENT ABSTRACTS 

P-3041 Regulation by Exogenous Peptides of Plant Cells In Vitro Growth and Differentiation 
Larisa Fedoreyeva, Moscow State University, Ekaterina Baranova, Boris Vanyushin 

 P-3042 Complexes of Structurally Modified Plant Virus with Magnetic Nanoparticles  
Nikolai Nikitin, Lomonosov Moscow State University, Oleg Baranov, Ekaterina Evtushenko, Marina Arkhipenko, 
and Olga Karpova 

 P-3043 Amino Acid Substitutions in Conserved Surface Immunogenic Domain of Related Cucumoviruses Can 
Influence Cross-recognition of Their Capsid Proteins 

   T. V. Gasanova, Lomonosov Moscow State University, A. A. Koroleva, E. V. Skurat, and P. A. Ivanov 
 P-3050 Bacillus Thuringiensis Stimulating Effect on the Pea Seedlings Growing 
   Anastasiia Kryzhko, Research Institute of Agriculture of Crimea, and Ludmila Kuznetsova  
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ANIMAL POSTER ABSTRACTS 
A-3000 
Establishment and Preliminary Characterization of a Lactating 
Caprine Mammary Gland Luminal Epithelial Cell Line. MAHIPAL 
SINGH, Ben Hortman, Venkata N. Degala, and Xiaoling Ma. 
Animal Science Program, Agricultural Research Station, Fort Valley 
State University, Fort Valley, GA 31030. Email: singhm@fvsu.edu 
 
Mammary gland is a defining characteristic of mammalian species 
that produces nutritious milk and plays a major role in the 
development of newborns. It is a living bioreactor and has been 
lately utilized to secrete therapeutic proteins in the milk. The gland 
contains a series of ducts and crevices leading back to alveoli which 
contain milk producing cells called luminal epithelial cells. These 
cells, if cultured in vitro, can be utilized to explore the metabolic 
processes occurring during milk production. The knowledge thus 
gained can be used to manipulate the system to enhance milk 
production and/or modify its composition. The main objective of 
this study was to establish a luminal epithelial cell line from a 
lactating goat mammary gland. The mammary tissue from a 5 year 
old lactating Saanen goat was collected from slaughter house. It was 
cleaned off milk, chopped in smaller (3-4mm2) explants and 
cultured in mammary epithelial culture media (Cell Applications 
Inc) after adhering onto 90mm Petri dish surface. The outgrowth 
of cells around the explants was observed within a week. The cells 
were collected by selective trypsinization to remove fibroblasts in 
two serial passages. The purified cell cultures exhibited cobble-
stone morphology, typical of the mammary epithelial cells, formed 
islands when plated in low density, but exhibited dome-shaped 
structures in post confluent cultures, if cultured for elongated time. 
The cells displayed positive signal when stained with anti-
cytokeratin 18: FITC antibodies in a 4-chambered slide, confirming 
their epithelial nature. Patches of cell cultures were also positive 
when stained with rabbit anti-bovine β-lactoglobin: FITC 
antibodies indicating possible milk production in these cells. 
However, further characterization is needed to test for other milk 
proteins. The cell line has potential as an in vitro model to 
understand signaling pathways in milk production and testing DNA 
constructs for therapeutic protein secretion in milk, prior to 
production of transgenic goats 
 
A-3001 
Cadmium-induced Expression of MicroRNA 126a-5p in NRK-52E 
Rat Proximal Tubule Epithelial Cells. ZYARIA STUBBS-
RUSSELL1, Lauren A. C. Alt1, Prem Patel2, Elise Charron1, Ribhi 
Salamah1, Joshua R. Edwards2, Marc H. Scheetz2,3, Walter C. 
Prozialeck2, and Michael J. Fay1,2. 1Department of Biomedical 
Sciences, Midwestern University, Downers Grove, IL; 2Department 
of Pharmacology, Midwestern University, Downers Grove, IL; 
and 3Department of Pharmacy Practice, Midwestern University, 
Downers Grove, IL. Email: zstubbs-russell11@midwestern.edu, 
mfayxx@midwestern.edu 
 
Cadmium (Cd) is an environmental pollutant and chronic exposure 
in humans causes nephrotoxicity at the proximal tubule. The 
molecular mechanisms of Cd-induced kidney injury have not been 
fully elucidated. Previously we used RNA-Seq to show that 24 h 

treatment with 10 µM CdCl2 dysregulates microRNA (miRNA) 
expression in NRK-52E rat proximal tubule epithelial cells, and 
miR-126a-5p expression significantly increased 3.5-fold. The 
purpose of this research was to validate Cd-induced expression of 
miR-126a-5p in NRK-52E cells. The cellular effects of CdCl2 was 
evaluated using alamar Blue™ which measures cellular metabolic 
reduction. Treatment of cells for 24 h with CdCl2 (0 – 100 µM) 
decreased the viable cell number/reducing ability, and this decrease 
was significant starting with the 2.5 µM CdCl2 dose. Real-time PCR 
was used to evaluate miR-126a-5p expression in cells treated for 24 
h with CdCl2 (0 – 100 µM). Treatment resulted in a dose-dependent 
increase in miR-126a-5p expression that was significantly increased 
at the 5, 10, 15 and 20 µM doses. The time-dependent nature of Cd-
induced miR-126a-5p expression was examined by treating NRK-
52E cells with 10 µM CdCl2 for 6, 12, 18 and 24 h. The Cd-induced 
expression of miR-126a-5p was significantly increased 3.2-, 4.4- and 
4.2-fold at 12, 18 and 24 h, respectively; and the 18 and 24 h Cd 
groups had significantly increased miR-126a-5p expression versus 
the 6 h Cd group. Previous research indicates that miR-126 may 
reduce oxidative stress and apoptosis. Therefore, Cd-induced 
expression of miR-126a-5p may serve as a cellular protection 
mechanism. Future experiments will be performed to determine the 
effects of miR-126a-5p mimics and inhibitors on Cd-induced 
apoptosis in NRK-52E cells. The finding of decreased cellular 
reduction in association with increased miR-126a-5p expression 
warrants further study. The identification and functional analysis of 
Cd-dysregulated miRNAs may elucidate molecular mechanisms of 
Cd-induced nephrotoxicity, and provide insight into novel ther-
apeutic approaches and biomarkers of kidney injury. 
 
A-3002 
Dysregulation of Gap Junctions by Environmental Toxicants 
Through Inflammation Pathways.  BRAD L. UPHAM1, Katelyn J. 
Siegrist2, DeeDee Romo2, Kalpana Velmurugan2, Michael 
Armstrong3, Jonathan Manke3, Nichole Reisdorph3, and Alison K. 
Bauer2. 1Department of Pediatrics and Human Development, 
Michigan State University and 2Departments of Environmental 
and 3Occupational Health and Pharmaceutical Sciences, University 
of Colorado Denver Anschutz Medical Campus. Email: 
Brad.Upham@hc.msu.edu 
 
Gap junctional intercellular communication (GJIC) plays a critical 
role in maintaining tissue homeostasis, and disruption of GJIC is an 
early hallmark of abnormal cell proliferation in many diseases, such 
as cancer. Many environmental toxicants dysregulate GJIC through 
signaling pathways that directly control gap junction function. For 
example, polycyclic aromatic hydrocarbons (PAHs) close gap 
junction channels through a p38-dependent mechanism in C10 
cells, a type I alveolar mouse cell line. However, PAHs also activate 
inflammation pathways. We hypothesized that PAH-induced 
release of inflammation cytokines can also dysregulate GJIC. 
Alveolar type II cells (C10), and alveolar macrophages were exposed 
to a binary mixture containing the environmentally relevant low 
molecular weight PAHs, 1-methylanthracene and fluoranthene 
(2PAH). 2PAH induced multiple inflammatory cytokines in both 
cell lines. cPLA2 and COX2 protein expression were both 
significantly increased in a time-dependent manner followed by 
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production of prostaglandins and Mcp1, Kc, Il6, and Tnf transcripts. 
Parthenolide (pan anti-inflammatory) reversed the dysregulation of 
GJIC 2PAH, while indomethacin (COX1/2 inhibitor), and CLI-095 
(TLR4 inhibitor) had no effect on GJIC. KC secretion was 
significantly elevated in response to treatment to 2PAH from 4-8 h 
and was inhibited by both parthenolide and CLI-095. We further 
determined that cytokines had direct GJIC effects. Recombinant 
(r)TNF alone and in combination with the 2PAH significantly 
inhibited GJIC and lowered CX43 protein expression. In 
conclusion, these novel mechanistic studies represent a model of 
inflammatory lung disease from a relevant real-world exposure to a 
mixture of low molecular weight PAHs through the early induction 
of lipid-mediated GJIC dysregulation, and downstream production 
of eicosanoids and pro-inflammatory cytokines. Funded by 
R15ES024893-01 (AKB)/FAMRI CIA (AKB).  
 
A-3003 
Enhancing Delivery and Efficacy of a Novel Plant-produced 
Therapeutic Fusion Protein for Boosting Channel Catfish 
Immunity. MADALYN WEINER1, Lana Elkins2, and Maureen C. 
Dolan1,3. 1Department of Biological Sciences, 2Molecular 
Biosciences Program, and 3Arkansas Biosciences Institute, 
Arkansas State University, Jonesboro, AR. Email: madalyn.weiner 
@smail.astate.edu 
 
Recombinant therapeutic proteins are widely used in human and 
animal health. Plant-based systems are ideal for production of 
recombinant proteins due to scalability, lower cost, and biological 
safety. Proteins can be quickly produced using an Agrobacterium-
mediated infiltration transient expression system in Nicotiana 
benthamiana. Many animal therapeutic proteins of interest, such as 
cytokines, degrade rapidly in extracellular environments, limiting 
their use in in vitro and in vivo studies. A non-toxin, lectin-binding 
subunit of ricin, RTB, when fused to a therapeutic protein has been 
shown to enhance delivery of the protein to target cells. Specifically, 
RTB has the potential to facilitate uptake and transcytosis of the 
fusion partner across cells that dominate animal mucosal surfaces. 
With interest in developing new therapeutics for animal health, 
channel catfish interleukin-22 (cfIL-22) was successfully expressed 
in plants as a fusion with RTB in the C-terminus and N-terminus 
orientation and purified. As IL-22 increases expression of tissue 
repair proteins and antimicrobial peptides, the cytokine activity of 
these therapeutic fusion proteins were tested in cell proliferation 
and wound healing assays on channel catfish ovary (CCO) 
fibroblasts. To ensure cytokine activity of the fusion proteins, were 
evaluated relative to cfIL-22. Preliminary data indicates increased 
proliferation of CCO cells treated with cfIL-22:RTB and RTB:cfIL-
22 proteins above cfIL-22 alone. Additional activity assessments of 
RTB:IL-22 fusions will be presented. Results from this study aim to 
provide in vitro validation for cfIL-22:RTB in the prevention and 
treatment of disease in the aquaculture setting. 
 
A-3004 
Comparison of the Osteogenic Capacity of Dental Derived Stem 
Cells.  STEVEN KAUFMAN, Elisha Pendleton, and Nalini 
Chandar. Department of Biochemistry, College of Graduate 

Studies, Midwestern University, 555 31st St., Science Hall Lab 410 
Downers Grove, IL 60515.  Email: skaufman95@midwestern.edu 
 
Dental stem cells are being increasingly used as an alternative to 
bone marrow stem cells in tissue engineering research. An 
important aspect of dental stem cells is their capacity to differentiate 
into osteoblasts and form mineralized bone. Our studies compared 
the osteogenic differentiation capacity of three dental stem cell 
lines: dental pulp stem cells, periodontal ligament stem cells and 
stem cells from human exfoliated deciduous teeth (SHED). After 
successfully harvesting these cells, we characterized the different 
stem cell types based on cell their expression of surface markers. 
These cells were grown in osteogenic differentiation media to 
promote osteoblast differentiation. We measured changes in gene 
expression by semi quantitative real- time PCR of bone specific 
factors (ALP, RUNX2, Col1A1, and OCN). Mineralization capacity 
of these cells were assessed using a quantitative alizarin Red S assay. 
All three cell lines expressed all of the bone specific markers studied. 
Among the cells, SHED cells had the best capacity for osteogenic 
differentiation as evidenced by high levels of expression of markers 
studied. Mineralization capacity was assessed weekly for four weeks. 
Our preliminary findings showed that SHED cells had the best 
osteogenic potential of the three. These results will be discussed in 
terms of their potential applications in bone diseases and in bone 
repair.  
 
A-3005 
Heparan Sulfate Analog SPGG - a Potent Inhibitor of Human 
Cytomegalovirus Infection. DOMINIK D. KALTENBACH1,2,3, 
James Elste2, Harsh Sharthiya3, Michele Fornaro3, Umesh R. Desai4, 
and Vaibhav Tiwari2.  1Department of Biomedical Sciences, 
2Department of Microbiology & Immunology, and 3Department of 
Anatomy, Midwestern University, Downers Grove IL 60515 and 
4Department of Medicinal Chemistry and Institute for Structural 
Biology, Drug Discovery and Development, Virginia 
Commonwealth University, Richmond, VA 23219. Email: 
dkaltenbach29@midwestern.edu 
 
Human cytomegalovirus (HCMV) is a highly prevalent, easily 
transmittable virus that establishes lifelong latency. The 
manifestations associated with HCMV infection range from 
asymptomatic to severe organ failure in immunocompromised 
patients. In addition, congenital HCMV infection is the leading 
cause of permanent hearing and vision loss and can cause 
neurological impairment. While anti-HCMV drugs targeting virus 
DNA replication are available, increasing drug-resistance poses a 
major clinical concern. This highlights the critical need to identify 
novel agents that prevent infection and improve current anti-
HCMV therapy. It has previously been shown that the sulfated 
pentagalloylglucoside (SPGG) exhibits anti-viral activity against 
herpes simplex virus (HSV). We reasoned that this compound will 
also inhibit HCMV entry and spread since it mimics cell surface 
heparan sulfate (HS). By mimicking HS it is believed to interfere 
with virus-host HS-binding and block the infection. The data 
presented support the potential of SPGG as an anti-HCMV agent 
at a non-toxic concentration. Viral inhibition was measured through 
a plaque reduction assay using a β-galactosidase reporter system 
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encoded in the viral genome. It showed that SPGG is able to inhibit 
viral entry by 86% after 100µM SPGG virus pretreatment in human 
foreskin fibroblasts (HFF), which are known to be commonly 
receptive to HCMV infection. Additional analysis performed by a 
Cell-ELISA assay to screen for immediate early gene 1&2 
expression resulted in an IC50 value of 2.04 µM SPGG. The 
neuroblastoma cell line (SKNMC) also showed a significant 
reduction of 71% in immediate early gene 1&2 expression after 
100µM SPGG virus pretreatment. Qualitative evidence of these 
findings is provided by using a GFP-tagged HCMV strain and also 
showed the inhibition of HCMV entry in the presence of SPGG. In 
summary, this study provides first evidence of the anti-viral 
potential of SPGG against HCMV infection in both fibroblasts and 
neuronal cells. 
 
A-3006 
The Effects of Strength Training and Diet on the Gut Microbiota 
in Weightlifting Athletes. G. BRIGANDO1, M. Pytynia1, K. 
Martinez-Guryn1, M. Ciancio1, and C. Evans2. 1Midwestern 
University, College of Graduate Studies, Biomedical Sciences 
Program and 2Midwestern University, College of Health Sciences, 
Physical Therapy Program. Email: gbrigando98@midwestern.edu 
 
Recent research shows the integral role of the human gut 
microbiome in regulating human health and disease which is heavily 
influenced by diet and exercise. It has been established that an active 
lifestyle has a positive impact on the gut microbiota, while a 
sedentary lifestyle promotes dysbiosis and increases risks for obesity 
and cancer. Most studies analyzing an active lifestyle and the gut 
microbiota have focused on endurance-trained athletes and not 
strength-trained athletes. We hypothesized that there would be a 
difference in the gut microbiota of strength-trained athletes 
compared to sedentary controls and that specific taxonomic and 
metabolic differences would correlate with physical activity and 
diet. The study included 6 weightlifting males and 6 sedentary, age-
matched male controls. Three different surveys were used to 
determine body characteristics, dietary intake and amount of 
physical activity in participants. These surveys were used to 
correlate specific lifestyle factors with the gut microbial 
composition obtained from 16S rRNA gene sequencing from stool 
samples. Additionally, qPCR was used to determine the effect of 
weightlifting on a specific metabolic gene, butyrate kinase: an 
important enzyme in short chain fatty acid production. Significant 
differences have been seen in protein consumption (200.1g +/- 
21.44g for weightlifters and 106.5g +/- 21.31g for controls) and in 
the amount of vigorous physical activity done in hours/week (7.22 
+/- 1.02 for weightlifters and 0.72 +/- 0.34 for controls) between 
weightlifters and sedentary controls. Analysis of the gut microbiota 
including 16S rRNA gene sequencing and absolute qPCR is in 
progress. It is expected that significant differences will be observed 
in the gut microbiota given the differences in dietary protein intake 
and physical activity. Our understanding of how weightlifting may 
prevent or reduce obesity by altering host microbial balance 
provides useful information that can be applied clinically to help 
prevent or reduce obesity and other conditions associated with gut 
microbial dysbiosis. 
 

A-3007 
Identifying Genetic Cues Associated with Enhanced Axonal 
Growth in Dorsal Root Ganglia Grown Ex Vivo on Nano-scale 
Grooved Topographical Surfaces. JULIE ELLEN TAMAYO1, 
Kelly Keeler1, Joshua Z. Gasiorowski1, Michele Fornaro2, and Kolla 
Kristjansdottir1. 1Biomedical Sciences Department and 2Anatomy 
Department, College of Graduate Studies, Midwestern University, 
Downers Grove, IL 60515. Email: jtamayo58@midwestern.edu 
 
Peripheral nerve injury affects millions of people per year, resulting 
in potentially chronic nerve damage and a poor quality of life. 
Current methods to treat peripheral nerve injury vary in recovery 
outcomes from temporary to permanent sensation loss. Clinical and 
experimental research aim to improve peripheral nerve regrowth 
and thus minimize co-morbidities. Peripheral nerve regeneration is 
a multi-factorial process, requiring cellular and physical cues. 
Previous research in our laboratory demonstrated that axonal 
regrowth from mouse dorsal root ganglia (DRG) grown ex vivo can 
be directed and enhanced when grown on nano-scale grooved 
topographical surfaces. The purpose of this study is to identify the 
novel gene(s) responsible for the enhanced and directed axonal 
growth on nano-scale grooved topography. We selected three genes 
to analyze based on literature and preliminary proteomic 
experiments: RhoA, GAP43 and Runx3. Briefly, extracted mouse 
DRGs were grown ex vivo on nano-scale grooved or control, flat 
topographical surfaces for six days. Enhanced and directed axonal 
growth was observed only in the DRGs grown on nano-scale 
grooved surfaces. RNA was isolated from DRGs and relative 
expression levels of RhoA, GAP43, and Runx3 were compared 
using RT-qPCR (n=3). Our data suggests that there is no difference 
in expression level of RhoA between the DRGs grown on nano-
scale grooved surfaces and those grown on flat surfaces. Analysis of 
the levels of GAP43 and Runx3 are currently being conducted. 
RNA extracted from identical experiments have been sent for 
RNAseq analysis which will allow for an unbiased identification of 
novel genes that are modified in the enhanced and directed growth 
on the nano-scale grooved surfaces. The results from these studies 
could be used for developing novel therapeutic modalities aimed at 
improving peripheral nerve regrowth. 
 
A-3008 
Protective Effects of Brassica Extracts in an Aging Rodent Model. 
SIERRA BONNEY1,2, Mickey Wilson2, Jia Xiong2, David Raines2, 
and Debora Esposito1,2. 1Department of Animal Science, North 
Carolina State University, Raleigh NC and 2Plants for Human 
Health Institute, Kannapolis, NC.  Email: sabonney@ncsu.edu, 
daesposi@ncsu.edu 
 
Brassinosteroid is a phytohormone responsible for regulating a 
number of essential processes in plants including growth, 
development, and immunity. Their properties are often utilized in 
agriculture to enhance crop yield, improve crop quality, and reduce 
pesticide toxicity. Recent research has suggested therapeutic 
benefits of brassinosteroid in animals. Esposito et al. (2011) 
identified the ability of plant brassinosteroid to accelerate wound 
healing, stimulate protein synthesis, and improve athletic 
performance in adult male rats. Based on this data, an experiment 
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was performed to evaluate the effects of a brassinosteroid 
incorporated diet on the physical fitness of an accelerated aging 
population of mice. Food intake, body weight, and body 
composition were monitored throughout the experiment, with 
physical performance periodically tested via treadmill. Male and 
female mice receiving the cabbage treatment showed improved 
physical endurance and a significant increase in lean muscle mass 
when compared to the control group. Age-related behavioral 
changes were assessed, and mice fed the cabbage diet showed fewer 
symptoms of cognitive decline associated with senescence. Muscle 
tissue was harvested for gene expression analysis in order to identify 
biomarkers for satellite cells and genes associated with myogenesis. 
Mice fed the cabbage diet had a significant increase in satellite cell 
and myogenic marker expression in both gastrocnemius and soleus 
muscles. These results suggest that plant brassinosteroid may 
contribute to improved physical fitness and skeletal muscle 
regeneration in aging mice, and additionally may serve as a possible 
therapeutic option for the age-related loss of muscle mass and 
strength observed in sarcopenia. 
 
A-3009 
Doublet Asymmetric Polymerase Chain Reaction (DA PCR) – A 
New Method for Synthesizing Single-stranded Oligonucleotides 
Under In Vitro Conditions. V. V. OBEREMOK1 and K. V. 
Laikova2. 1V. I. Vernadsky Crimean Federal University, Taurida 
Academy, Simferopol, UKRAINE and 2V. I. Vernadsky Crimean 
Federal University, Medical Academy named after S.I. Georgievsky, 
Simferopol, UKRAINE. Email: genepcr@mail.ru 
 
As a prototype with which to begin our investigation, we chose an 
existing method for obtaining target single-stranded DNA 
oligonucleotides: classical asymmetric polymerase chain reaction 
(PCR). This method uses a DNA template and two primers 
(forward and reverse), with one primer at a much higher 
concentration than the other (30-50:1). The main disadvantage of 
this method is that during the reaction, it is necessary to control the 
proportion of primers. The main technical result of doublet 
asymmetric PCR (DA PCR) is the absence of this need to control 
the proportion of the primers. The method we developed to obtain 
single-stranded DNA oligonucleotides involves the use of a DNA 
template starting with the sequence of the target single-stranded 
DNA fragment and continuing with a sequence complementary to 
the target DNA fragment (i.e., the double-stranded DNA template 
has inverted ends). It also uses two special primers: the first is both 
forward and reverse in the process of synthesis of the amplicon, and 
the second is required for the synthesis of the target DNA fragment, 
performing annealing during PCR on both strands of the amplicon, 
i.e., in a doublet manner. In our experiments we successfully used 
5'-TGGTTCCAGAATCGGCGCGCGCCGATTCTGGAACCA-
3' (DNA template), 5'-TGGTTCCAGAA-3' (forward and reverse 
primer), 5'-GCGCCGATTCT-3' (target primer generates from 
both ends of DNA template the DNA oligonucleotide of interest – 
5'-GCGCCGATTCTGGAACCA-3' which was detected by us on 
MALDI-MS). DA PCR can be used in molecular biology and 
medicine to obtain extensive primers, in the synthesis of DNA 
insecticides and DNA medicines, and in PCR diagnostics and other 

methods. (This work was partially supported by V.I. Vernadsky 
Crimean Federal University Development Program for 2015-2024). 
 

EDUCATION ABSTRACTS 

E-3000 
Investigating the Oxidative Stress Response of Huntington Disease 
Neurons. RITIKA JELOKA1,2, Emily Machiela1, Yuanyun Xie1, 
and Amber Southwell1. 1Burnett School of Biomedical 
Sciences, University of Central Florida, Orlando FL and 
2Melbourne High School, Melbourne, FL. Email: ritika.jeloka@ 
gmail.com 
 
Huntington’s disease (HD) is a fatal, autosomal dominant, 
neurodegenerative disorder caused by an expansion of the 
polyglutamine coding CAG tract in the huntingtin (HTT) gene on 
chromosome 4. It has been shown that HD neurons may be more 
susceptible to oxidative stress and exogenous ROS induced by 
hydrogen peroxide (H202). Oxidative stress results in DNA damage 
and cellular apoptosis, being one of the leading causes of 
neurodegeneration. However, if ROS is an HD disease onset driver 
or bystander is yet to be known. To investigate this, wild type and 
mutant HTT primary neurons were cultured and treated with 
antisense oligonucleotides (ASOs), hydrogen peroxide (H202), and 
progerin. Progerin is a mutated form of the lamin A protein that 
causes heightened aging in the disease Progeria. H202 was the 
oxidative stressor applied and the ASO lowered HTT. The 
antioxidant glutathione was measured to see if the neurons’ 
oxidative stress response capacity changed with mutant HTT. In 
addition, total neuronal cell death as well as markers of apoptosis 
and autophagy were measured in response to oxidative stress. To 
determine if cellular changes occurred in response to oxidative 
stress, DNA damage, HTT protein aggregation, and other age 
related markers were also measured. Mutant HTT neurons were 
found to produce less glutathione and have increased DNA 
damage. However, ASO HTT lowering normalizes both 
glutathione function and DNA damage. As expected, HTT protein 
amount was not effected by H202. Cell death in neurons with mutant 
HTT were lower compared to wild type neurons, even in response 
to H2O2 treatment. This may demonstrate that mutant HTT is 
neuroprotective against oxidative stress in embryonic neurons, and, 
theoretically as neurons age, they become more susceptible to 
oxidative stress along with adult onset and the progressive 
phenotype of HD. In addition, Huntingtin oligimerization and a 
decrease of lamin B1 protein, both age related markers, were shown 
with progerin treatment. Cell death is increased in aged HD neurons 
stressed with H202, implying a hypersensitivity to stress with age in 
HD neurons. 
 
E-3001 
Assessing the Importance of Asymmetrical Cell Division and 
Neurotrophins in Glioblastoma Cancer Stem Cell Survival. 
BRENNEN KEUCHEL, Masahiro Hitomi, Justin Lathia, and 
Anastasia Chumakova. Department of Cellular and Molecular 
Medicine, Lerner Research Center, Cleveland Clinic, Cleveland, 
OH. Email: 19keubre@hawken.edu 
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Finding treatment for Glioblastoma has been difficult over the last 
40 years, which researchers attribute to cancer stem cells (CSCs) that 
reproduce after treatment. Possible causes are the asymmetry of 
CSC division and the neurotrophin proteins (NT), which regulate 
neuronal cell development. This study seeks to determine if 
survivability of Glioblastoma tumor cells depends on asymmetrical 
division of CSCs and neurotrophins. To assess CSC survivability, 
we analyzed two proteins; SOX2, which expression correlates with 
resistance to treatment, and gH2AX, an indicator of DNA decay. 
To observe division, we introduced Green Fluorescent Proteins 
(GFPs), which emit light after attaching to cells, into a Glioblastoma 
CSC and grew them in an environment with a therapeutics reagent. 
We took pictures of the GFPs following CSC mitosis to measure 
asymmetry of the cell division. We also measured SOX2 levels of 
daughter cells using the same light measurement system. To test 
involvement of neurotrophins, we observed DNA damage through 
gH2AX staining in the presence or absence of neurotrophins and 
neurotrophin receptor inhibitors. Our findings support our 
hypothesis. More robust asymmetrically divided cells showed a 
trend to express higher SOX2 levels than symmetrically divided 
cells. Adding neurotrophins to Glioblastoma CSCs decreased 
gH2AX levels, while when neurotrophin receptors were blocked 
there was little change in gH2AX levels. If further research confirms 
these results, the finding from this study could influence new 
treatments for Glioblastoma that reduce asymmetrical division and 
limit neurotrophin interaction with CSCs. Future steps would be to 
repeat the experiments with various types of cancer therapeutics. 
 

PLANT ABSTRACTS 
P-3000 
Plant Regeneration Through Cyclic Secondary Embryogenesis in 
Androgenic Cultures of Camellia assamica ssp. assamica and Clonal 
Fidelity Assessment Using RAPD Marker. RAKHI 
CHATURVEDI and Bajpai Ruchira. Department of Biosciences 
and Bioengineering, Indian Institute of Technology Guwahati, 
Guwahati-781039, Assam, INDIA. Email: rakhi_chaturvedi@ 
yahoo.co.uk, rakhi_chaturvedi@iitg.ac.in 
 
Rapid, recurrent embryogenesis was obtained from in 
vitro developed androgenic haploid embryos of Camellia 
assamica ssp. assamica using a liquid medium. Primary globular 
embryos from an embryo multiplication medium, Murashige and 
Skoog (MS) medium supplemented with 10 mM 6-
benzylaminopurine (BAP), 3 mM gibberellic acid (GA3), 800 mg/L 
l-glutamine, and 200 mg/L l-serine, were subjected to pretreatment 
with 18 mM abscisic acid (ABA) either alone or in combination with 
either of the osmoticum, 25 g/L mannitol, 30 g/L polyethylene 
glycol (PEG-400) or 1 g/L glycine betaine. Higher multiplication 
with a fivefold increase in secondary embryogenesis was achieved 
after pre-treatment of primary embryos on MS medium consisting 
of 18 mM ABA and 25 g/L mannitol for 30 days, followed by 
transfer to an embryo maturation medium (control), MS with 1 mM 
BAP, 0.3 mM GA3, 80 mg/L l-glutamine, and 20 mg/L l-serine. 
Effect of physical state of the medium on embryo germination 
leading to shoot differentiation was also studied. An increased 
germination rate of 66.6% in secondary embryos was obtained 
when cultures were initially kept for 20 days in a liquid medium 

followed by transfer to a semisolid medium. In comparison, a 
liquid-solid medium favoured 44.4% embryo germination in 30 
days, whereas a semisolid medium resulted in only 25% embryo 
germination in 45 days. The continuous immersion in a liquid 
medium led to hyperhydricity in cultures. Therefore, a two-step 
protocol, involving combination of liquid and semisolid medium 
transition was chosen for attaining large-scale multiplication of this 
elite clone in less time. Histology and field emission scanning 
electron microscopic (FESEM) analyses were performed to 
determine ontological stages of embryo development. Clonal 
fidelity of plants attained from liquid-semisolid medium transition 
was assessed using random amplified polymorphic DNA (RAPD) 
markers to rule out any somaclonal variations occurred during 
multiple transfer cycle. 
 
P-3001 
Facilitating Genome Engineering Through RNP-mediated Precise 
Gene Targeting. MAINAK DAS GUPTA, Florian Roesch, Lena 
Hochrein, Fabian Machens, and Bernd Mueller-Roeber. University 
of Potsdam, Institute of Biochemistry and Biology, 14476 Potsdam-
Golm, GERMANY. Email: mainakdasgupta@uni-potsdam.de 
  
Although CRISPR/Cas9-based methods have become the 
preferred tool to generate targeted mutations in plants, currently 
used methods still rely on the imprecise non-homologous end 
joining (NHEJ) mechanism that can lead to a variety of different 
mutations in the target region. This limits the application of 
CRISPR/Cas9-based methods to creating just knock-out or point 
mutations in genes or regulatory sequences. The homology-
dependent repair (HDR) pathway can serve as an alternative to 
create precise gene editing events at target sites. However, the 
current HDR based methods for targeted gene editing in plants lead 
to very few successful precise editing events, making the selection 
and subsequent generation of gene-edited plants highly labor- and 
time-intensive exercises. We are therefore developing an RNA-
Protein (RNP) complex-based method to edit plant genomes in 
protoplasts by supplying the guide RNA in complex with the Cas9 
protein along with a repair template. We aim to improve the HDR 
frequencies by covalently linking the DNA repair template to the 
RNP-complex. Alongside, we are developing a split-enzyme system 
to detect precisely edited cells using fluorescent activated cell 
sorting (FACS) methods. A successful development of the HDR 
based gene editing will allow us to create precisely engineered 
plants, where a gene network controlling a particular trait can be 
manipulated by knocking in transcription factor binding sites in 
regulatory sequences of the target genes. The screening of 
protoplasts using FACS would permit even a relatively small 
population of precisely edited protoplasts to be selected for 
regenerating plants. Finally, the application of a DNA-free 
approach to edit the plant genomes would make the technology 
more acceptable to the consumers and the regulatory authorities.  
 
P-3002 
Development of Transgenic Sorghum Lines to Evaluate Water Use 
and Photosynthetic Efficiencies. ALBERT P. KAUSCH1, Kimberly 
Nelson-Vasilchik1, Joel Hague1, Jiayin Liu1, Rathanack Yi1, Louis 
Costabile1, Asaph Cousins2, Robert DiMario2, Dan Voytas3, 
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Matthew Zinselmeier3, Colby Starker3, Yang Liu3, Andrew Leakey4, 
Parthiban Thathapalli Prakash4, Joshua Rosnow5, and Ivan Baxter5. 
1Department of Cell and Molecular Biology, University of Rhode 
Island, 530 Liberty Lane, West  Kingston, RI 02892; 2School of 
Biological Sciences, Washington State University, 367 Eastlick Hall 
Pullman WA 99164; 3Department of Genetics, Cell Biology and 
Development, University of Minnesota, 1500 Gortner Avenue, 
Saint Paul, MN; 4 Institute for Genomic Biology, University of 
Illinois, 1206 West Gregory Drive, Urbana Il, 61801; and 5Donald 
Danforth Plant Science Center, 974 North Warson Road, Saint 
Louis, MO, 63132. Email: apkausch@uri.edu 
 
The functional development of a genome-level knowledge base 
linking genes to phenotypes through the use of advanced genomics, 
genome editing and plant transformation in sorghum is critical to 
understanding fundamental physiological functions important to 
basic biology and crop improvement. Our objectives are towards 
meeting the needs for stable sorghum transgenics and genome 
editing and we are extending these capabilities into new 
transformation technologies for sorghum. We have established a 
reliable pipeline for the introduction of stable genetic constructs 
into sorghum. Our first goal has been accomplished by developing 
reliable protocols using standard Agrobacterium-mediated 
transformation of BTx430 for routine analyses and the 
transformation the sorghum reference genome, sorghum (BTx623). 
We have generated a pipeline and maintain many transgenic lines 
and events in various stages of regeneration. This pipeline in 
collaboration with other labs includes the following constructs 
driven by the maize Ubiquitin promoter and using the BAR gene as 
a selectable marker: (1) pNG026, BE3 nuclease; (2) pNG028, 
1bCPF1 nuclease; (3) pMZ64, Ta Cas 9; (4) pMZ69, dTa Cas9; and 
(5) pMZ263, dCas9 transcriptional activator under control of the 
Zm PEPC promoter targeting all four isoforms of carbonic 
anhydrase in the sorghum genome. One of our goals is to engineer 
photosynthesis to improve performance under water stress via (1) a 
transgenic approach using stably integrated constructs; (2) a 
transcriptional activation route employing dCas9; and (3) 
modification of PEPC kinetics to enhance the efficiency of C4 
photosynthesis. Another goal is to develop methods to edit genes 
and to manipulate gene expression. To accomplish this goal we are 
using: (1) Targeted mutagenesis with nucleases; (2) Targeted 
mutagenesis with base editors; (3) Targeted gene replacement; and, 
(4) Targeted gene insertion. We are now exploring the use of the 
transient expression of morphogenic regulators and gene editing 
functions for rapid target validation and regeneration of edited 
events. 
 
P-3003 
Targeted Mutagenesis of the OsACS Locus Alters Phosphate 
Deficiency-induced Adaptive Responses in Rice Seedlings. HAN 
YONG LEE1, Gyeong Mee Yoon1, Zhixiong Chen2, and Cankui 
Zhang3.  1Department of Botany and Plant Pathology, Purdue 
University, West Lafayette, IN 47907; 2State Key Laboratory for 
Conservation and Utilization of Subtropical Agro-bioresources, 
South China Agricultural University, Guangzhou, Guangdong, 
510642, CHINA; and 3Department of Agronomy, Purdue 

University, West Lafayette, IN 47907. Email: lee2224@purdue.edu, 
young@purdue.edu (corresponding author) 
 
Rice is an important staple crop that feeds more than half of the 
world’s population. However, the yield and sustainability of rice 
significantly suffer from low phosphorus stress due to a high 
phosphorus fixation rate and naturally low phosphorus content in 
its natural habitats. Phosphate (Pi) deficiency severely influences the 
growth and reproduction of plants. To cope with Pi-deficiency, 
plants initiate morphological and biochemical adaptive responses 
upon sensing low Pi in the soil and the plant hormone ethylene 
plays a crucial role during this process. However, how regulation of 
ethylene biosynthesis impacts the Pi-induced adaptive responses 
remains unclear. Here, we determine the roles of rice ACC 
synthases (OsACS), the rate-limiting enzymes in ethylene 
biosynthesis, in response to Pi-deficiency. Through analysis of 
tissue specific expressions of OsACS in response to Pi-deficiency 
and OsACS mutants generated by CRISPR/Cas9 genome-editing, 
we found that two members of the OsACS family, 
i.e., OsACS1 and OsACS2, are involved but differed in their 
importance in controlling the remodeling of root system 
architecture, transcriptional regulation of Pi-starvation-induced 
genes, and cellular phosphorus homeostasis. Interestingly, in 
contrast to the known inhibitory role of ethylene on root 
elongation, both OsACS mutants, especially OsACS1, almost fail to 
promote lateral root growth in response to Pi-deficiency, 
demonstrating a stimulatory role of ethylene in lateral root 
development under Pi-deficient condition. This study provides new 
insights into the roles of ethylene in Pi-deficiency response in rice 
seedlings and the isoform-specific function of OsACS genes in this 
process. 
 
P-3004 
Evaluation of Overexpression of the Maize Silkless Gene sk1 in 
Transgenic Sorghum. JIAYIN LIU, Joel Hague, Kimberly Nelson-
Vasilchik, and Albert P. Kausch. Department of Cell and Molecular 
Biology, University of Rhode Island, 530 Liberty Lane, West 
Kingston, RI 02892. Email: jiayin_liu@my.uri.edu 
 
Maize is monecious with flowers that are initially bisexual with a sex 
determination system that results in imperfect florets, the tassel and 
the ear, through organ arrest. Genetic analysis has shown that the 
expression from the silkless gene (sk1) is required to protect 
functional pistils in ear spikelets from tasselseed-mediated 
elimination. Recent studies in maize showed that plants 
transformed with an sk1 transgene (SK1DSVL:Citrine:SVL) driven 
by a constitutive cauliflower mosaic virus (CaMV) 35S promoter, 
results in plants which display a pistillate phenotype, where the 
tassel inflorescence is completely feminized. The reporter Citrine 
was demonstrated to localize to peroxisomes. These results indicate 
that sk1 expression is sufficient and necessary to block the tasselseed-
mediated elimination of pistils in both ear and tassel spikelets, 
resulting in a completely feminized plant, implying a mechanism 
of sk1 protection by prevention of jasmonic acid mediated pistil 
elimination. Many related grasses, such as sorghum, bear two types 
of flowers on a panicle: one of these, known as the sessile spikelet 
(SS) is fertile and develop seeds; the other type called pedicellate 
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spiklets (PS) do not make seeds. Single-copy orthologs of sk1 were 
identified in sorghum, although the SS florets are perfect. We have 
hypothesized that constitutive overexpression of the maize sk1 in 
sorghum could result in seed production in pedicellate spiklets. 
Using the same vector as in the maize experiments 
(35S:SK1DSVL:Citrine:SVL), X T0 independent events were 
generated via Agrobacterium-mediated transformation and resistance 
to the herbicide phosphinotricin conferred by the selectable marker 
bar in the transformation vector. Analysis of T1 plants showed 
resistance to the herbicide, and the presence of the transgene was 
confirmed by PCR and Southern blots compared with the 
segregating wild-type plants. Analysis using confocal microscopy 
was conducted for Citrine fluorescence, and seed morphology in SS 
and PS spiklets was examined in mature inflorescences. 
 
P-3005 
Modular Assembly of Gene Constructs for Engineering Lipid 
Accumulation into Energycane. GUANGBIN LUO1, John 
Shanklin2, and Fredy Altpeter1. 1Agronomy Department, Plant 
Molecular and Cellular Biology Program, Genetics Institute, 
University of Florida, IFAS, Gainesville, FL and 2Biosciences 
Dept., Brookhaven National Lab, Upton, NY. Email: 
g.luo@ufl.edu, altpeter@ufl.edu 
 
Divert carbon flux from sucrose to oil in a high biomass crop like 
energycane has been proposed as a metabolic engineering strategy 
to boost lipid yields for biodiesel production. Plant oils in the form 
of triacylglycerols (TAGs) have twice the energy content of 
carbohydrates. Therefore, our objectives include to enhance TAG 
content in vegetative tissues of the high biomass crop energycane 
by upregulating fatty acid and TAG biosynthesis and by inhibiting 
TAG hydrolysis. To explore the effect of different versions of target 
genes under different regulatory signals on TAG accumulation in 
vegetative tissue, we developed a library of regulatory elements and 
open reading frames. These components were used for modular 
assembly into multi-gene constructs by Golden Gate cloning. Gene 
expression cassettes were co-delivered with the selectable nptII 
expression cassette by biolistic gene transfer into energycane callus. 
Positive transgenic lines containing target gene constructs have 
been obtained and were transferred to soil. The expression of target 
genes will be analyzed by quantitative RT-PCR. Plants will also be 
analyzed for TAG content by Gas-Chromatography and Mass 
Spectrometry (GC-MS). 
 
P-3006 
Improved Meristem-based Legume Transformation Targeting 
Value-added Explants. FRANK MCFARLAND1,2, Brian 
Martinell2, Edward Williams2, Rob Harnish2, Amy Miyamoto2, Ian 
Albert Ragonese-Barnes2, Jill Mahoy2, Chantilly Schroedl2, Seth 
Olson2, Abigail Ball2, Michael Peterson2, Vai Sa Nee Lor1,2, Phoebe 
Blackman2, Mark Thompson2, Shawn Kaeppler1,2,, and Heidi 
Kaeppler1,2. 1Department of Agronomy, University of Wisconsin, 
1575 Linden Drive, Madison, WI 53706 and 2Wisconsin Crop 
Innovation Center, University of Wisconsin, 8520 University 
Green, Middleton, WI 53562. Email: fmcfarland@wisc.edu 
 

Meristem-based transformation systems have been established at 
the Wisconsin Crop Innovation Center (WCIC) for soybean (Glycine 
max L.), cow pea (Vigna unguiculata L.), dry bean (Phaseolus 
vulgaris L.), and alfalfa (Medicago sativa L.), and under development 
for Chickpea (Cicer arietinum L.). DNA delivery in these systems is 
primarily via Agrobacterium tumefaciens, however an optimized 
protocol for transforming soybean via biolistics has also been 
developed. Germline transformation and transmission of 
transgenes to T1 progeny have been confirmed empirically via RFP 
and GUS staining of T1 progeny and further validated via PCR 
assays. These legume transformation systems target storable, 
“Value-Added Explants” (VAEs) consisting of embryonic axes 
isolated from primed seeds. While VAE isolation can be done by 
hand, we have also developed methods for mechanical extraction 
of large batches. Extracting VAEs from pretreated seeds has 
provided the opportunity for ‘priming’ treatments of tissue during 
the repeated cycles of rehydration and dehydration. Tissue priming 
treatments have included pre-exposing explants to plant growth 
regulators, herbicides, and/or inducing physical damage. Priming 
steps have improved transformation efficiency, regeneration rate 
and helped reduce total time spent in sterile culture. Mechanically 
extracted, primed, dehydrated VAEs have been be stored for 
months at -20°C and have remained viable and competent for 
transformation/editing experiments. 
 
P-3007 
Use of a Temporary Immersion Bioreactor System to Transform 
American Chestnut Somatic Embryos. LINDA MCGUIGAN1, 
Allison Chartrand2, Lilibeth Northern3, Kristen Russell1, William 
Powell1, and Charles Maynard1. 1State University of New York, 
College of Environmental Science and Forestry, Department of 
Environmental and Forest Biology, 1 Forestry Drive, Syracuse, NY; 
2Ohio State University, 281 W. Lane Avenue, Columbus, OH 
43210; and 3Syracuse University, 900 South Crouse Avenue, 
Syracuse, NY 13244. Email: lpolin@esf.edu 
 
American chestnut (Castanea dentata) was once common in eastern 
U.S. forests. In the late 1800s, the invasive fungus, Cryphonectria 
parasitica,was introduced and devastated the species. To decrease 
American chestnut’s susceptibility to C. parasitica, an Agrobacterium-
mediated transformation system was developed to transfer blight 
tolerance genes into its genome. Two experiments were performed 
to increase the efficiency of the system. One compared the 
effectiveness of liquid selection in RITA® bioreactors to the 
effectiveness of semisolid selection in Petri dishes. The other 
compared multiple concentrations of five antibiotics in semisolid 
media to determine which would kill Agrobacterium without 
damaging chestnut embryos. After mixing with Agrobacterium and 
putting on desiccation dishes, embryos were moved to Agro-Kill 
medium. In the first study, embryos were transferred to either Petri 
dishes containing a semisolid selection medium with 84 µM 
paromomycin (Par) or bioreactors containing liquid selection media 
with 25, 75, or 200 µM Par. The bioreactors were more effective at 
producing transformants: the 200 µM Par bioreactor produced 29 
events; the 75 µM Par bioreactor produced 18 events; and the 84 
µM Par semisolid medium produced 4 events. In the second study, 
embryos were transferred to semisolid selection media containing 
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either cefotaxime, augmentin, moxalactam, or timentin, at 250, 500, 
1000, or 2000 µM; or meropenem at 25, 50, 100, and 150 
µM. Agrobacterium overgrowth was observed in the 250 µM 
cefotaxime treatment as well as the 250 µM and 500 µM augmentin 
treatments. The number of events recovered at combined 
concentrations was: timentin = 17, augmentin = 16, cefotaxime = 
14, moxalactam = 6, and meropenem = 5. Although meropenem, 
moxalactam, and timentin all stopped Agrobacterium overgrowth, the 
timentin recovered the highest number of transgenic events. The 
results of these experiments were implemented in our current 
protocol used to produce the blight tolerant “Darling 58” line, 
which is to be reviewed by the U.S. federal regulators before 
possible distribution. 
 
P-3008 
A Modular Cloning (MoClo) Kit for Fast and Flexible Assembly of 
Chloroplast Transformation Vectors. ALESSANDRO 
OCCHIALINI1,2, Alexander C. Pfotenhauer1,2, Agnieszka Piatek3, 
C. Neal Stewart Jr.2,3, and Scott C. Lenaghan1,2. 1Department of 
Food Science, 102 Food Safety and Processing Building 2600 River 
Dr., Knoxville TN 37996; 2Center for Agricultural Synthetic 
Biology, University of Tennessee Institute of Agriculture, Knoxville 
TN 37996; and 3Department of Plant Sciences, 2431 Joe Johnson 
Dr., Knoxville, TN 37996. Email: aocchial@utk.edu 
 
Synthetic biology is a rapidly evolving area of research designed to 
generate new biological components. This particular research field 
finds many significant applications in metabolic engineering of 
higher plant chloroplasts to produce valuable metabolites, vaccines, 
and biofuels and for the installation of new favorable traits in plants. 
Therefore, plant synthetic biology integrates engineering skills with 
the fundamentals of molecular biology with the final goal of 
assembly coherent functional units of DNA. The successful 
assembling of large molecules of DNA has been a challenge for 
many years. Among several methods used to assemble complex 
DNA stretches, Golden-Gate cloning provided a significant 
contribution as molecular tool for standardize assembly of synthetic 
elements into large DNA-constructs. Following this direction, in 
our lab we developed a modular cloning (MoClo) system for fast 
and flexible assembly of large multi-gene constructs for chloroplast 
metabolic engineering of various plant species (Occhialini et al., 
2019 Plant Physiology; 179: 943-957; doi.org/10.1104/ 
pp.18.01220). The MoChlo kit includes a large library of 128 
chloroplast-specific genetic elements modified for use in Golden-
Gate cloning. A total of 47 promoters, 38 5’untranslated regions 
(5’UTRs), 9 promoters fused to their 5’UTRs, 10 3’untranslated 
regions (3’UTRs), 14 genes of interest (GOIs) including fluorescent 
reporters and selective genes, together with 10 specific chloroplast 
transformation vectors were mined from the literature. The 
MoChlo kit was successfully used to assemble large multi-gene 
constructs containing up to 7 transcriptional units (~10.6 kb 
synthetic operon) and, after that, it has been in vivo validated in plant 
chloroplasts. Our main goal is to accelerate research into plastid 
metabolic engineering by providing a standardized flexible method 
for assembly of large DNA. To enable labs with limited founding 
to perform chloroplast biotechnology, our MoChlo kit is available 
from Addgene at minimal cost. 

P-3009 
Sequence, Assembly and Annotation of Bayer's Maize Inbred Line 
LH244; a New Resource for Maize Genetics and Transformation. 
SHUBHA SUBBARAO1, Yuechun Wan4

, Charles Armstrong1, 
Rebecca Rode1, Vladimir Sidorov1, David Duncan4, Ruth Wagner1, 
Zane Goodwin1, Graziana Taramino1, Annie Saltarikos1, Tom 
Slewinski1, Phil Taylor1, John LeDeaux1, Keith Decker1, Matthew 
Dimmic1, Mitch Sudkamp1, Paul Chomet2, Guy Kol2, Omer Barad2, 
Kobi Baruch2, Shawn Kaeppler3, and Mike Peterson3. 1Bayer Crop 
Science, 700 Chesterfield Parkway West, St. Louis, MO 
63017; 2NRGene Company, 8910 University Center, Lane\r\n 
Suite400, San Diego, CA92122; 3Wisconsin Crop Innovation 
Center, University of Wisconsin-Madison, 8520 University Green, 
Middleton, WI 53562; and 4Monsanto Company. Email: 
shubha.subbarao@bayer.com, ruth.wagner@bayer.com, phil.taylor 
@bayer.com 
 
Access to elite, transformable germplasm is required to design and 
maintain transformation pipelines. Product pipelines typically use 
transformable germplasm to initially introduce the novel variant, 
which is then crossed into broad, diverse germplasm lines relevant 
to the geographies where the product will be grown. Effective 
transformation pipelines are valuable for product development in 
the Ag industry but are also important for serving the scientific 
community by enabling basic science research through gene and 
pathway discovery and characterization. Bayer Crop Science, in 
collaboration with NRGene and the University of Wisconsin, 
reports the release of the LH244 inbred maize transformation line 
germplasm and assembled reference genome to academic research 
communities. The germplasm will be released to public seed stock 
centers and the assembled, annotated genome and a physiological 
description of the line will be published, and resources for 
transformation will be available to the University of Wisconsin 
Crop Innovation Center. LH244 is a commercially relevant inbred 
line that is readily transformable, thus making it a complete resource 
for genomic and genetic exploration. In this poster, we will share 
insights into the unique features of the LH244 genome, 
transformability and physiology that make it a foundation resource 
for the maize genetics community. 
 
P-3010 
Co-expressing a Reporter Protein to Establish Elite Tobacco BY-2 
Cell Lines for High-yield Production of Recombinant Proteins. 
JIANFENG XU1 and Tristen Wright2. 1Arkansas Biosciences 
Institute and 2Department of Biological Science, Arkansas State 
University, Jonesboro, AR 72401. Email: jxu@astate.edu 
 
Plant cell culture offers an attractive alternative to produce 
recombinant pharmaceutical proteins. Tobacco Bright Yellow 2 
(BY-2) cells are especially favored for the development of large-
scale processes because of their rapid growth, easy transformation, 
and simple and inexpensive nutritional requirements. However, it is 
difficulty to establish and maintain an elite cell culture with 
consistent expression of target proteins in high yields, which is 
reflected by the observation that selected BY-2 cell lines from initial 
transformation frequently lost target protein expression after 
subcultures. This is due to the heterogeneity of primary regenerated 
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calli and subsequent genetic and epigenetic changes, such as 
transgene silencing and recombination events which diminish or 
even abolish protein production. To overcome this problem, we 
made an expression cassette for the target protein together with an 
extra cassette for green fluorescence protein (GFP) on the same T-
DNA of a binary vector. The reporter protein GFP was used as an 
easily visual marker allowing us to monitor the protein expression 
during subculture of the calli by a handheld NIGHTSEA BlueStar 
flashlight with filter glasses. It was found that there was a high 
heterogeneity of GFP intensity in the cultured calli. The expression 
of target protein positively correlated with the intensity of GFP. 
With the selection of the brightest fluorescent sector of the calli for 
each subculture, stable and homogeneous cell lines exhibiting 
consistent high protein expression could be finally generated. This 
method has been used to screen and establish elite BY-2 cell lines 
producing different therapeutic proteins, including human stem cell 
factor, erythropoietin, interleukin-3 and fibroblast growth factor-2. 
It provides a simple and reproducible approach to establish highly 
productive plant cell lines used in research and commercial 
production. 
 
P-3011 
Arabidopsis Presenilins are Involved in Autophagy. AMMAR 
HASSAN and František Baluška. The University of Bonn, 
Department of Plant Cell Biology, Institute of Cellular and 
Molecular Botany (IZMB), Kirschallee 1, D-53115 Bonn, 
GERMANY. Email: ammar@uni-bonn.de 
 
Presenilins are the catalytic component of γ-secretase complex 
which were first identified in the genetic screens of the patients 
suffering from the Alzheimer's disease. Macroautophagy is a major 
route which encompasses degradation of the cell components and 
damaged proteins, lipids and carbohydrates in order to recycle 
nutrients in response to starvation. Here we report that Arabidopsis 
presenilin double mutant line ps1/ps2 shows defective clearance of 
autophagosomes in root cells when autophagy is induced through 
sucrose starvation. In addition to being susceptible to the sucrose 
starvation, mutant root cells have altered expression levels of 
important autophagy related genes. Mutant root cells show 
differential protein accumulations under sucrose starvation leading 
to inefficient clearance of proteins. Immunoblotting and 
microscopy techniques combined with autophagy inhibitors such as 
wortmannin and concanamycin-A suggested aberrant degradation 
of autophagosomes within the lytic plant vacuoles. In conclusion, 
our data suggest involvement of the γ-secretase complex and/or 
presenilins in plant autophagy. 
 
P-3012 
Precision Nucleotide Editing in Sugarcane Following Homology 
Directed Repair of Targeted DNA Breaks. FREDY ALTPETER1,2, 
Tufan Mehmet Oz1,2, Angelika Altpeter1, Ratna Karan1, and Aldo 
Merotto1. 1Agronomy Department, Plant Molecular and Cellular 
Biology Program, Genetics Institute, University of Florida, IFAS, 
Gainesville, FL and 2DOE Center for Advanced Bioenergy and 
Bioproducts Innovation. Email: tufan.oz@ufl.edu, altpeter@ 
ufl.edu  
 

Genome editing tools such as CRISPR/Cas9 have been employed 
in several crops. They enable precise targeting and introduction of 
double strand DNA breaks which are proceeded by cellular repair 
mechanisms, such as NHEJ or HDR, critical in endogenous gene 
editing or correction. Highly efficient NHEJ generates an 
abundance of random insertions and deletions (indels). Frameshift 
mutations associated with these indels of unspecified size and 
sequence might result in loss of function phenotypes of agronomic 
importance. Gain of function mutations, on the other hand, 
generally require precise nucleotide editing in the target gene and 
replacement of inferior alleles. This can be accomplished with the 
aid of a homologous repair template and the cellular HDR 
mechanism. We present a highly efficient HDR mediated precision 
nucleotide editing in multiple alleles of the acetolactate synthase 
(ALS) gene in the highly polyploid sugarcane which confer 
herbicide resistance. Faithful transmission of superior ALS alleles 
with introduced target mutations at 574 and/or 653 amino acid 
locations to vegetative progenies was confirmed with amplicon 
sequencing using Sanger chain termination, PacBio SMRT 
sequencing and evaluation of herbicide resistance. 
Acknowledgements: This material is based upon work supported by 
the U.S. Department of Energy, Office of Science, Office of 
Biological and Environmental Research (Award Number DE-
SC0018420). 
 
P-3013 
A Fortuitous Discovery of β-Glucosidase from Corn Seed in The 
Purification of Recombinant Expansin from Transgenic Maize. 
HONG FANG1 and Elizabeth E. Hood2. 1Molecular Biosciences 
Graduate Program, Arkansas State University, Jonesboro AR 
and 2Arkansas State University Biosciences Institute and College of 
Agriculture, Arkansas State University, Jonesboro AR. Email: 
hong.fang@smail.astate.edu 
 
Plant β-glucosidases are involved in numerous important functions, 
for instance ABA metabolism, cell wall formation and stress 
resistance. Even though different isoforms of β-glucosidase from 
maize seedlings, coleoptiles, leaves and even root have been studied, 
β-glucosidase derived from corn seeds has not been reported. Our 
original goal was to produce and purify recombinant expansin from 
transgenic maize seed. After extraction and purification steps 
including crude extraction, ammonium sulfate precipitation, cation 
and anion exchange column purification, relatively clean and 
enriched protein samples were obtained by following enhanced 
cellulase deconstruction of cellulose. However, these purified 
protein samples show significant cellulolytic activity on both 
cellobiose and 4-Methylumbelliferyl beta-D-cellobioside indicating 
that the purified protein samples could contain β-glucosidase 
activity instead of recombinant expansin. After further molecular 
weight characterization based on Native/SDS-PAGE and protein 
identification based on LC-ESI-MS/MS, we believe that β-
glucosidase is the active constituent in the purified protein sample. 
Later enzymatic characterization indicated that the active protein 
has an optimal pH value of 5.0 and an optimal reaction temperature 
of 60 degrees Celsius. 
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P-3014 
A Unified Agrobacterium-mediated Transformation Protocol for 
Alfalfa (Medicago sativa L.) and Medicago truncatula. QINGZHEN 
JIANG1, Chunxiang Fu1,2, and Zeng-Yu Wang1,3. 1Noble Research 
Institute, 2510 Sam Noble Parkway, Ardmore, OK 73401; 
2Qingdao Institute of Bioenergy and Bioprocess Technology, 
Chinese Academy of Sciences, 189 Songling Road, Laoshan 
District, Qingdao 266101, CHINA; and 3Qingdao Agricultural 
University, No. 700 Changcheng Road, Qingdao, Shandong 
266109, CHINA. Email: qjiang@noble.org 
 
Simplification of transformation procedures greatly improves work 
efficiency. As a Core Facility, we always aim to standardize the 
pipeline to save labor and effort. Here, we have introduced a 
unified Agrobacterium-mediated transformation protocol that is used 
for both alfalfa (Medicago sativa L., Regen SY4D) and Medicago 
truncatula (ecotype R108). Whole trifoliates or leaflets are used as 
explants. Sonication is applied to enhance Agrobacterium infection 
and cytokinins are added to the medium to facilitate shoot 
regeneration. More than 90% transformation efficiency is achieved 
for alfalfa, while the relatively lower efficiency of up to 60% is 
obtained for M. truncatula, which depends on different selectable 
markers in the gene constructs. Transgenic plants are produced 
within 4-8 months with average timeline of 6 months. Using this 
unified protocol, the same types of media are used for both species 
which results in significant saving in time and resources. 
 
P-3015 
Over-expression of Miscanthus Pyruvate Orthophosphate Dikinase 
(PPDK) in Energycane for Improving Cold Tolerance and Biomass 
Yield. BASKARAN KANNAN1, Angelika Altpeter1, Thaibin-
hduong Nguyen1, Paul South2, Steve Long2, and Fredy 
Altpeter1. 1Agronomy Department, Plant Molecular and Cellular 
Biology Program, Genetics Institute, University of Florida - IFAS, 
Gainesville, FL and 2Departments of Crop Sciences and of Plant 
Biology, Carl Woese Institute for Genomic Biology, University of 
Illinois, Urbana, IL. Email: kbaskaran@ufl.edu, slong@illinois.edu, 
altpeter@ufl.edu 
 
Energycane, an interspecific hybrid within the genus Saccharum, 
has a superior photosynthetic efficiency, biomass accumulation and 
persistence in tropical and subtropical regions. In contrast to 
sugarcane, energycane has a high proportion of the ancestral 
species Saccharum spontaneum in its genome which contributes to 
higher tiller number, biomass yield and persistence in addition to a 
reduced stem diameter and sugar content. Pyruvate orthophosphate 
dikinase (PPDK) has been proposed as rate limiting enzyme in C4 
photosynthesis. It regenerates the substrate phosphoenol pyruvate 
(PEP) for the initial carbon-fixation step. C4 plants are also severely 
limited by low temperature, possibly because PPDK is highly cold-
labile and partially dissociates below 14 ºC. A previous study 
suggested that Miscanthus x giganteus, a hybrid between Miscanthus 
sacchariflorus and Miscanthus sinensis, achieves cold tolerance by 
increasing the amount of the enzyme rather than its intrinsic 
properties. Therefore, we decided to explore the over-expression 
of Miscanthus x giganteus PPDK in energycane under its native 
regulatory sequences. In the present study, Miscanthus PPDK gene 

(M-PPDK) was introduced under its native regulatory sequences 
into energycane callus by biolistic gene transfer. The transgenic calli 
were regenerated on the media containing selection agent. The 
regenerated plants were characterized for the presence of transgene 
and their expression. The transgenic plants will be evaluated for the 
effect of PPDK overexpression on photosynthetic efficiency, cold 
tolerance and biomass accumulation. Acknowledgements: This material 
is based upon work supported by the U.S. Department of Energy, Office of 
Science, Office of Biological and Environmental Research (Award Number 
DE-SC-0018254). 
 
P-3016 
Efficient CRISPR-mediated Genome Editing in Cultivated 
Strawberry. JIN-HEE KIM1, Cheol-Min Yoo1, Alfred Huo2, and 
Seonghee Lee1. 1Horticultural Sciences Department, Gulf Coast 
Research and Education Center, UF/IFAS, 14625 County Road 
672, Wimauma, FL 33598 and 2Environmental Horticulture 
Department, Mid-Florida Research and Education Center, 
UF/IFAS, 2725 S. Binion Road, Apopka, FL 32703. Email: 
jine323@ufl.edu, seonghee105@ufl.edu 
 
CRISPR-mediated genome editing has been successfully established 
in several important crops such as rice, wheat, and maize; but not 
yet applied widely for fruit crop species. Strawberry is considered as 
a representative crop for Rosaceae family. Here, we optimized tissue 
culture conditions for two commercial varieties, ‘Florida Brilliance’ 
and Sweet Sensation® ‘Florida 127’ and determined the efficiency 
of CRISPR-mediated genome editing in octoploid strawberry. 
Targeted genome editing was conducted with endogenous 
strawberry phytoene desaturase (PDS) gene using the 
CRISPR/Cas9 and Cpf1. Tissues of petiole and runner tip from 
either ‘Florida Brilliance’ or Sweet Sensation® ‘Florida127’ were 
used as explants. Two different methods were tested for delivering 
the CRISPR vectors such as Agrobacterium-mediated transformation 
and direct transfer by gene gun. The regeneration rate was higher in 
runner tips than the rate observed in petioles. However, there was 
no difference in transformation efficiency between CRISPR/Cas9 
and Cpf1. Phenotypes of white or partial albino PDS mutants were 
observed in regenerated plantlets. To confirm the event of target 
gene edit, target regions were amplified about the size of 200 bp and 
sequenced by Illumina HiSeq4000. Our results demonstrate that the 
CRISPR/Cas9 or Cpf1 system precisely knocked out the PDS gene 
in octoploid strawberry. This established system of CRISPR-
mediated genome editing can be effectively applied to improve fruit 
quality and disease resistance in cultivated strawberries. 
 
P-3017 
A Synthetic Biology Approach to Gossypium hirsutum TAM66274 
Ultra-low Gossypol Cottonseed (ULGC) Neomycin phos-
photransferase II (nptII variant) Gene Deletion. JONATHAN E. 
MEUSER1,2,3 and Robert Jinkerson1,2,4. 1Chi Botanic, Sarasota 
FL; 2Chemical & Environmental Engineering, University of 
California, Riverside C; 3Environmental and Civil Engineering, 
Florida Gulf Coast University, Fort Myers, FL; and 4Department of 
Botany and Plant Sciences, University of California, Riverside, CA. 
Email: jon@chibotanic.com 
 

mailto:kbaskaran@ufl.edu
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The antinutriend gossypol is naturally present in cottonseed making 
it unsuitable as a food for non-ruminant animals such as fish, 
chickens, or humans. Ultra-low Gossypol Cottonseed (ULGC) 
TAM66274 has been previously engineered to produce ultra-low 
gossypol levels in cottonseed, while produces normal gossypol 
levels in other parts of the plant. (Rathore et al. 2012) The ULGCS 
genome retains the hygromycin-resistance gene, neomycin 
phosphotransferase II (nptII) used for the antibiotic selection of 
TAM66274. The aim of this work is the deletion of the ULGCS 
nptII gene, by comparing established Agrobacterium-based methods 
with a synthetic biology approach more easily adapted to high 
throughput plant gene editing. The second approach combines cell-
free single guide-RNA (sgRNA) optimization, in 
vitro ribonucleoprotein (RNP) complex generation, and transgene-
free gene deletion via biolistic RNP delivery. Such an approach can 
improve throughput by suitability to 96-well format and the 
elimination of time-consuming and costly bacterial growth and 
DNA isolation steps. Current progress in the development of an 
abiotic pipeline for faster, scalable, and more highly automated gene 
editing of recalcitrant and/or non-model crops will be presented. 
 
P-3018 
Establishing a Rapid Readout System for Genome Editing of 
Sugarcane. CHAKRAVARTHI MOHAN1, Duoduo Wang1,2, and 
F. Altpeter1,2. 1Agronomy Department, Plant Molecular and Cellular 
Biology Program, Genetics Institute, University of Florida, IFAS, 
Gainesville, FL and 2DOE Center for Advanced Bioenergy and 
Bioproducts Innovation, University of Florida, IFAS, 
Gainesville, FL 32611. Email: cmohan@ufl.edu, altpeter@ufl.edu 
 
The advent of designer nucleases like CRISPR/Cas9 has enabled 
precise and predictable genome modification. Transgene free 
genome editing using CRISPR/Cas9 ribonucleoproteins has been 
successful in monocots such as bread wheat and maize. Genome 
editing in sugarcane is challenging due to large and complex 
genome, high ploidy and high content of repetitive DNA. To test 
the efficiency and specificity of CRISPR/Cas9-mediated genome 
editing in sugarcane, we focus on the establishment of an easily 
scorable knockout target for rapid validation of edited events. 
Therefore, initial target genes include those that are well known to 
create albino or chlorotic plantlets following loss of function 
mutations. In this study, phytoene desaturase (PDS) was selected 
for gene knockout. PDS, an essential plant carotenoid biosynthetic 
enzyme, is involved in the biosynthesis pathway of β-carotene 
which provides photoprotection of chlorophyll. So far, we have 
amplified multiple alleles of the target gene from sugarcane, 
designed gRNAs in silico, tested the associated RNPs in vitro for 
cleavage of the target gene amplicons and constructed vectors for 
transformation. Further, the constructs will be validated using 
transient bombardment assays in sugarcane calli. 
Acknowledgements: This material is based upon work supported by the U.S. 
Department of Energy, Office of Science, Office of Biological and Environmental 
Research under Award Number DE-SC0018420 
 
 
 
 

P-3019 
Genetic Transformation of the Ozark Chinquapin (Castanea 
ozarkensis). HANNAH C. PILKEY, Linda D. McGuigan, and 
William A. Powell. Department of Environmental Forest Biology, 
SUNY College of Environmental Science and Forestry, Syracuse, 
NY. Email: hcpilkey@syr.edu 
 
The arrival of the invasive fungal pathogen, Cryphonectria 
parasitica (cause of the chestnut blight), decimated the 
native Castanea tree species in the eastern U.S. and southern 
Ontario, Canada. Billions of American chestnuts and chinquapins 
were killed. The extirpation of this keystone genus severely 
impacted the ecology of our forests. Today, the trees persist 
naturally as stump sprouts, but rarely achieve reproductive maturity. 
Efforts to restore this genus are critical, as re-sprouting ability is 
diminishing with time leading to a loss of genetic diversity. 
Researchers at ESF developed a blight-tolerant American chestnut 
via genetic engineering by incorporating a common plant defense 
gene, Oxalate-Oxidase (OxO), into the tree’s genome. OxO 
detoxifies the oxalic acid produced by the pathogen and inhibits its 
ability to produce deadly cankers. The objective of this research was 
to determine if the methodology used to develop a transgenic 
American chestnut (C. dentata), could be applied to the Ozark 
chinquapin (C. ozarkensis). Foundational research demonstrated that 
established methods could be used to initiate somatic Ozark 
chinquapin embryo cultures and regenerate them into whole plants 
in-vitro. Somatic embryos were then transformed using 
established Agrobacterium-mediated transformation methods using 
an AGL1 strain containing the p35S-OxO binary vector. The 
presence of the OxO transgene was confirmed in one embryo 
culture by PCR. It was determined that a transgenic Ozark 
chinquapin can be developed using the same framework for 
American chestnut transformation. Continuing research will focus 
on further optimization of the tissue culture and transformation 
protocols, determining transgene copy number and expression in 
the transgenic events, and eventually blight resistance assays. These 
tools of genetic engineering may help the restoration of the Ozark 
chinquapin. 
 
P-3020 
Developing a Genetic Transformation Protocol for Elite 
Energycane Cultivars to Enhance Energy Content. MATTHEW 
SCHNEIDER1, Guangbin Luo1, Baskaran Kannan1, Hui Liu2, John 
Shanklin2, and Fredy Altpeter1. 1Agronomy Department, Plant 
Molecular and Cellular Biology Program, Genetics Institute, 
University of Florida, IFAS, Gainesville, FL and 2Biosciences Dept., 
Brookhaven National Lab, Upton, NY. Email: mattschneider 

@ufl.edu, altpeter@ufl.edu  
 
Although sugarcane and energycane share the same progenitors, the 
relative contribution of these progenitors to their complex genome 
makes them look like two distinct species. Sugarcane has a small 
number of thick stems with high sugar and low fiber content, while 
elite energycane cultivars have been selected for very high biomass 
accumulation attributed to many thin stems with a higher fiber and 
lower sugar content than sugarcane. Energycane is far more 
recalcitrant to tissue culture and genetic transformation than 
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sugarcane and exhibits heavy visual browning of the cultured 
explants followed by tissue necrosis and cell death. Visual browning 
of newly excised explants is a major hurdle that needs to be 
overcome to establish an efficient genetic transformation protocol 
for this target species. Several media supplements and their 
combinations were tested in tissue culture and evaluated for 
reduction in visual tissue browning, callus induction, and 
regeneration response. Some of the evaluated combinations of 
media supplements significantly reduced visual tissue browning 
while increasing the number of regenerating plantlets from 
energycane callus. The optimized protocol was applied to introduce 
multigene constructs into energycane with the goal to engineer lipid 
accumulation in vegetative biomass. Diverting carbon flux to oil in 
a high biomass crop like energycane may boost lipid yields per acre 
for biodiesel production. Plant oils like triacylglycerols (TAGs) have 
a two-fold greater energy content compared to carbohydrates. 
Multiple gene expression cassettes were generated using Golden 
Gate assembly to upregulate fatty acid and TAG biosynthesis, 
protect TAG from rapid turnover, and were co-delivered with the 
selectable nptII expression cassette by biolistic gene transfer into 
energycane. Plants were regenerated on culture medium containing 
geneticin and analyzed for presence and expression of target 
constructs by PCR and RT-PCR, respectively. Plants will be 
analyzed for TAG content by Gas-Chromatography and Mass 
Spectrometry (GC-MS). 
 
P-3021 
Altering Lignin Polymerization in Sugarcane Biomass by 
Expression of an Engineered Monolignol 4-O-Methyltransferase. 
RAMKUMAR THAKKU1,3, Yunjun Zhao2,3, Baskaran Kannan1,3, 
Chang-Jun Liu2,3, and Fredy Altpeter1,3. 1Agronomy Department, 
Plant Molecular and Cellular Biology Program, Genetics Institute, 
University of Florida, IFAS, Gainesville, FL; 2Biology Department, 
Brookhaven National Lab, Upton, NY; and 3DOE Center for 
Advanced Bioenergy and Bioproducts Innovation, University of 
Florida, Agronomy Department, Gainesville, FL. Email:   
ramkumar.thakkur@ufl.edu, cliu@bnl.gov, altpeter@ufl.edu 
 
Sugarcane (Saccharum hybrid spp.) is a prime feedstock for 
commercial production of biofuel and utilizing both sucrose and 
cell wall bound sugars for fermentation will enhance the biofuel 
yield. Lignin is a recalcitrance factor for the conversion of sugarcane 
processing residues to advanced biofuels like butanol. F. Altpeter’s 
team recently demonstrated that suppression of the lignin 
biosynthetic COMT enzyme via genome editing or RNAi in 
sugarcane leads to improved saccharification efficiency of 
lignocellulosic biomass. C.J. Liu’s group has had similar success in 
poplar through overexpression of an artificial monolignol 4-O-
methyltransferase (MOMT), which interferes with lignin 
polymerization. This study explores this approach in sugarcane. 
Different versions of the lignin modification genes and expression 
vectors were designed and assembled in a backbone using the 
Golden Gate (GG) assembly method. These constructs were 
introduced into sugarcane callus by biolistic gene transfer and 
regenerated on the media containing selection agents. Regenerated 
plants will be characterized for the presence of transgene and their 

expression by PCR and quantitative real-time PCR, respectively and 
lignin modification at maturity. 
 
P-3022 
Activating Transgenes Via the Cre/loxP Two-component System in 
Cowpea (Vigna unguiculata). ZHIFEN ZHANG, Yinping Guo, 
Kathleen Monfero Marasigan, and Peggy Ozias-Akins. Department 
of Horticulture, University of Georgia, 2356 Rainwater Rd, Tifton, 
GA 31793. Email: zhifen@uga.edu; pozias@uga.edu 
 
Similar to gene regulation in nature, multiple regulatory elements 
can be necessary in order to achieve the precise expression of 
transgenes spatially and temporally. In order to activate transgenes 
in reproductive tissues, we developed an activation system based on 
the Cre/loxP (Causes recombination/locus of crossing) system, a 
well-characterized two-component system derived from bacterial 
phage. In the design, the Cre gene is driven by a promoter of a gene 
that is active in reproductive tissue, while a terminator flanked by a 
pair of loxP sites is placed between a constitutive promoter and the 
gene of interest. The gene of interest will remain inactive until the 
terminator is removed by Cre-mediated recombination. For proof 
of concept, a cassette where the Cre gene was regulated by 
the Arabidopsis Ribosomal Protein Subunit 5a (AtRps5a) promoter and 
a cassette where a PINII terminator flanked by two loxP sites was 
placed between an Arabidopsis Ubiquitin 10 (AtUbi10) promoter and 
a fluorescence reporter gene ZsGreen were generated. Each cassette 
was introduced into cowpea using cotyledonary node explants from 
either overnight-imbibed seeds or 4-d old seedlings preconditioned 
by 5 mg/l BA using Agrobacterium-mediated transformation. Four 
and two independent events were recovered, respectively, for the 
Cre cassette and the loxP-reporting cassette. Based on quantitative 
qPCR, among the Cre lines, one line had a single copy of the 
transgene, one had 1-2 copies while the others had at least 4 copies; 
between the loxP-reporting lines, one line had a single copy of the 
transgene while the other had 6 copies. Crosses were made between 
the T0 Cre lines and loxP-reporter lines. Excision of PINII was 
detected in the F1 progenies where both Cre and the loxP-reporting 
cassette were inherited. The success of Cre/loxP-mediated 
recombination in reproductive tissue suggested the potential use of 
this two-component system in engineering the reproductive 
pathway of cowpea. 
 
P-3023 
Determining Culture Medium Requirement for Optimal Efficiency 
of Temporary Immersion Bioreactor System in the Scale-up 
Propagation of Clean Breeder Planting Materials of White and 
Water Yams. MORUFAT BALOGUN1,2, Norbert Maroya1, Julius 
Taiwo1, and Robert Asiedu1. 1International Institute of Tropical 
Agriculture (IITA), PMB 5320 Ibadan, Oyo Road, NIGERIA 
and 2Department of Crop Protection and Environmental Biology, 
University of Ibadan, NIGERIA. Email: m.balogun@cgiar.org 
 
Yams are staples in West Africa. However, its production is 
constrained by scarcity of clean planting materials due to lack of a 
formal seed system. In developing a formal seed system, the 
Temporary Immersion Bioreactor System was found to improve 
the scale-up propagation of disease tested planting materials. 
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However, a business case has to be validated for ease of adoption, 
and this necessitates system optimization for increased efficiency. 
Labour and culture medium account for up to 31% of the cost of 
production, making it necessary standardize subculture cycle and 
dose nutrients. The study was conducted to determine nutrient 
components that limit propagation ratio and quality of plantlets in 
the SETIS type TIBS. Using white and water yam varieties Kpamyo 
and Swaswa respectively, the nitrogen (N), potassium (K) and 
phosphorus (P) concentrations in culture medium were determined 
every two weeks for 10 weeks and also in plantlets at transplanting. 
The pH and refractometer values for sugar concentration were 
determined in varieties Kpamyo and Asiedu after 8 weeks of 
culture. Descriptive and regression analyses were done at p=0.05. 
In Swaswa, N P and K reduced by 83.8, 96.24 and 28.73% while it 
was 63.29, 61.2 in Kpamyo and -23.13% over the ten week 
Reduction in Potassium concentration at two weeks was limiting to 
Swaswa. In Kpamyo, addition of phosphorus at two weeks and 
nitrogen at six weeks. Sucrose was not limiting as shown in the 
refractometer value but the medium acidity increased from 5.7 to 
3.4. Medium change at two-weeks interval was recommended for 
yam Tissue culture in SETIS TIBS. 
 
P-3024 
A Comparative Analysis of Liquid vs. Semi Solid Media in the 
Multiplication Stage of Hemerocallis spp. JOSHUA CALLAGHAN 
and Max Jones.  Department of Plant Agriculture, University of 
Guelph, CANADA. Email: callaghj@uoguelph.ca 
 
Daylilies (Hemerocallis spp.) are ornamental flowers renowned for 
their diversity, with over 80,000 registered cultivars varying in 
colour, shape and pattern (Tomkins et al. 2001; Chen et al. 2005; 
Gulia et al. 2009). Traditionally propagated through division, 
multiplication ranges from 1-20 divisions per season (Gulia et al. 
2009). Unfortunately, this has led to a delay of up to 20 years for 
newly registered cultivars to reach marketable levels of plant 
material. Micropropagation offers an alternative approach that can 
dramatically increase multiplication rates and is used extensively for 
the species. However, protocols have only been developed for 
selected genotypes and many protocols go through a callus phase 
introducing concern over somaclonal variation. This study was 
conducted to evaluate three different micropropagation systems for 
daylily using direct organogenesis with minimal callusing. Based on 
preliminary investigations and past research on licorice, black 
walnut and annatto, we hypothesized that cultivars grown in liquid 
media will have an increased rate of multiplication and a decreased 
occurrence of callus (Mehrotra et al. 2009; da Cruz et al. 2014; 
Stevens and Pijut 2018). Treatments included identical media with 
and without agar, with liquid media on both rocker benches and a 
static thin layer system (Wevitro, inc) that uses hydraulic pressure 
to dispense a thin film of liquid media into the vessel without the 
need of a rocker bench. All three treatments used Run for the Roses 
explants initiated 4 months prior to the experiment and maintained 
on multiplication media. Results showed that callus was significantly 
reduced while the number of shoots were significantly increased in 
the liquid culture systems. 
 
 

P-3025 
Embryo Excision of Cannabis sativa L. KYLE CHABRIER and 
Hope Jones. Emergent Cannabis Sciences, Tempe AZ. 
Email: kyle@ecsciences.com 
 
Cannabis sativa L. is a herbaceous angiosperm belonging to the 
Cannabaceae family. The many medicinal and industrial 
applications of the plant contribute to its growing importance as a 
global crop. Due to the past legal status of Cannabis in the United 
States, much of its growth and production has gone widely 
unstudied and unregulated thus we start at the beginning. An 
obvious place to start is embryo excision. Embryo excision is a 
technique which presents many benefits to the aseptic propagation 
of Cannabis sativa L, such as determining seed viability, overcoming 
seed dormancy, obtaining plants of varied ploidy, shortening of the 
breeding cycle, and circumvention of incompatible, intergeneric 
hybridization. Work was conducted using embryonic excision in 
order to mitigate the risk of environmental and pathogenic stress in 
stock material to be used in further in-vitro studies. Mature seeds 
of Cannabis Sativa L were placed into a sterilizing solution for 24 
hours and aseptically excised. Embryos were then cultured onto 
hormone free MS (Murashige and Skoog, 1962) based media. Our 
primary tests indicated that embryos begin photosynthesizing 
within 48 hours of culturing, with shoot and root development 
occurring shortly after. Germination rate of explants were 100 
percent. Embryos developed rapidly without the presence of any 
outside hormonal additives, suggesting the endogenous hormone 
levels within an embryo of Cannabis Sativa L is sufficient for growth 
and development. The embryos remained in culture for 4 weeks, 
then subcultured and maintained as donor material in other tissue 
culture trials. This basic study was necessary, as evidence based data 
is lacking. Preliminary testing demonstrated that embryos 
of Cannabis Sativa L can be isolated, grown in-vitro, and that stock 
material can be attained from excised embryos of mature 
Cannabis seeds. Studies can now be conducted on seed dormancy, 
embryonic cryopreservation, incompatible hybridization, and time 
reduction in commercial breeding cycles. 
 
P-3026 
Cannabinoids Analysis of Micropropagated Cannabis sativa L. 

Varieties Using Gas Chromatography-Flame Ionization Detector 

(GC-FID). SUMAN CHANDRA1, H. Lata1, M. M. Radwan1, C. G. 

Majumdar1, and M. A. ElSohly1,2. 1National Center for Natural 

Products Research, School of Pharmacy, University of Mississippi, 

University, MS 38677 and 2Department of Pharmaceutics and Drug 

Delivery, School of Pharmacy, University of Mississippi, University, 

MS 38677. Email: suman@olemiss.edu 

 
Over the last few years, cannabis has gained a lot of attention among 
researchers and general public not only because of its potential for 
drug abuse but as a medicinal plant that contains valuable secondary 
metabolites. The plant has been reported to contain more than 500 
different compounds belonging to a diverse group of chemical 
classes, the most important of which is the cannabinoids. There are 
120 phytocannabinoids reported so far. Among cannabinoids, D9-
tetrahydrocannabinol (D9-THC) is the major biologically and most 
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important psychologically active compound, which accumulates 
mainly in the glandular trichomes of the plant. Beside THC, 
cannabidiol (CBD) is another important compound which is non-
psychoactive and highlighted for its activity against childhood 
epilepsy syndromes and other disorders. As a plant, cannabis is 
normally dioceous and occasionally monoecious, wind pollinated 
species which is highly allogamous (cross fertilization) in nature. 
Whether the genus Cannabis contains one species or more has been 
a long matter of debate. Cannabis is treated as one species by some 
groups, while others describe it as two to four species. Presently, 
Cannabis is considered a single, highly variable species Cannabis 
sativa L. On the other hand, cannabis can also be classified based on 
their cannabinoids profile. In this study, gas chromatography-flame 
ionization detector (GC-FID) analysis of micropropagated female 
plants of different cannabis varieties was performed. Based on the 
cannabinoids profile, plants were categorized in high THC, high 
CBD and intermediate classes. These results and the importance of 
clear chemotaxonomic discrimination between cannabis varieties in 
order to obtain a standardized medical-grade biomass product will 
be discussed in this presentation. 
 
P-3027 
Date Palm Micropropagation: 30 Years of Research Findings and 
Achievements. C. SUDHERSAN, S. Jibi, L. Al-Sabah, and S. Al-
Melhem. Biotechnology Program, Environment and Life Sciences 
Research Center, Kuwait Institute for Scientific Research, 
KUWAIT. Email: schellan@kisr.edu.kw 
 
Date palm (Phoenix dactylifera L.) is the major fruit crop for the 
Middle East and North African Countries. It is highly adapted to 
the harsh climatic conditions of the arid regions. It has more than 
thousand cultivars developed through natural crossing and few of 
them were selected for the commercial production. Traditional and 
conventional method of clonal propagation in this dioecious tree 
crop species is through the offshoots or suckers in few numbers 
developed around the base of the mother tree during its early 
vegetative growth phase. This method of clonal propagation is very 
slow, expensive and inefficient to meet the demand for establishing 
commercial plantations. As an alternative method to the traditional 
method of clonal propagation, micropropagation method was 
explored. Date palm micropropagation research initiated during 
1970s was succeeded on free-living plant production through 
somatic embryogenesis in 1980s. Followed up, several research 
laboratories were established for date palm micropropagation 
worldwide and few were succeeded in commercial production. The 
presenting senior author of this study started date palm 
micropropagation research in the year 1989 and build it up to the 
commercial-scale plant production and fruit production. During the 
past 30 years of date palm micropropagation research, factors 
controlling the high quality clonal plant production on commercial-
scale were studied. Based on the results, the technology was refined 
and the production methodology was simplified. More than 500,000 
micropropagated date palms of selected cultivars (Barhi, Khlas, 
Suckary and Madjhool) were produced and planted in Government 
and Private farms for fruit production and field evaluation. All the 
research findings and achievements carried out during the past 30 

years on date palm micropropagation by the senior author are 
summarized. 
 
P-3028 
Micropropagation Studies of Lepidium ostleri a Utah Endemic 
Species. OLGA R. KOPP, Alyson DeNittis, Stephen Florence, 
Stayner Richards, Michelle Piepgrass, and Cameron Kapp. Utah 
Valley University, Orem, UT. Email: koppol@uvu.edu 
 
Lepidium ostleri (Ostler’s pepperweed) is an endemic species 
restricted to soils derived from Ordovician limestone outcrops in 
the San Francisco Mountain range of Beaver County in Western 
Utah. A member of the Brassicaceae family, this species is a 
candidate for federal listing as threatened because most of its habitat 
occurs in proximity to modern mining operations. Given the unique 
position this plant holds in its environment, its disappearance would 
be an irreparable loss to the biodiversity of the area. Tissue culture 
techniques have proven valuable to conservation practices. The 
purpose of this study was to evaluate the effect of different 
concentrations of plant growth regulators on the generation of 
shoots from leaf explants. Direct shoot organogenesis was observed 
on Murashige & Skoog (MS) media augmented with BAP (6-Benzyl 
amino purine) and Kinetin. Additional studies were done to 
improve organogenesis and to induce rhizogenesis in this species. 
A successful protocol for micropropagation of this species will be 
presented. 
 
P-3029 
Regeneration of Shoots from Mature and Immature Inflorescences 
of Cannabis sativa. GREGORY GOLENIA1, Kevin Puinno2, 
Ekaterina Boudko1, Cassandra Downey1, and A. M. P. Jones2. 
1Research and Development Department, Canopy Growth 
Corporation, Smiths Falls, Ontario, CANADA and 2Department of 
Plant Agriculture, University of Guelph, Guelph, Ontario, 
CANADA. Email: gregory.golenia@tweed.com 
 
Propagation of cannabis is accomplished primarily by vegative 
propagation. Selection of candidate phenotypes for production 
and/or breeding is performed in unfertilized plants in the late-
flowering stage, when ability to reproduce asexually via stem 
cuttings is lost. Desirable phenotypes are therefore cloned prior to 
flowering and clones maintained in a separate location. In this study, 
mature and immature inflorescence tissue from Cannabis sativa was 
cultured on various levels of Thidiazuron (1, 2, 5, and 10 μM). Shoot 
induction was observed in all cultivars in mature and immature 
explants, with an increasing number of shoot clusters/shoot-like 
structures produced with increasing TDZ concentration. 
Regenerated shoots were subcultured, rooted, acclimatized, 
flowered, and analyzed for cannabinoid and terpene content. This 
is the first report describing propagation of Cannabis from floral 
tissue and enables propagation during the flowering stage. Further 
assessment is necessary to determine if callus formation preceded 
regeneration or occurred from existing meristematic tissue. 
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P-3030 
Culture Conditions for Sporophyte Production of Green Bean Fern 
(Lemmaphyllum microphyllum C. Presl). BO KOOK JANG1,2, 
Kyungtae Park1,2, and Cheol Hee Lee1,2. 1Division of Animal, 
Horticultural and Food Sciences, Chungbuk National University, 
Cheongju, REPUBLIC OF KOREA and 2Brain Korea 21 Center 
for Bio-Resource Development, Chungbuk National University, 
Cheongju, REPUBLIC OF KOREA. Email: leech@ 
chungbuk.ac.kr 
 
The goal of this study was to define suitable culture conditions for 
prothallus proliferation and sporophyte production 
of Lemmaphyllum microphyllum C. Presl. Prothallus (0.3 g), obtained 
from in vitro germination of spores, were cultured in different 
media (1/4×, 1/2×, 1×, 2× MS, and Knop medium) and 
components (sucrose, activated charcoal and nitrogen source) after 
chopping. The culture was maintained at a temperature of 25 ± 1°C, 
light intensity of 30 ± 1.0 μmol·m-2·s-1, and a photoperiod of 16/8 
h (light/dark). Growth and development of prothallus was the most 
suitable in 2× MS medium. When components of medium were 
different on the basis of 2× MS medium, prothallus proliferation 
was the most effective in 2× MS medium containing 2% sucrose, 
0% activated charcoal and 60 mM of total nitrogen source. To select 
a suitable artificial soil type for sporophyte formation, 1.0 g of 
prothallus was ground with distilled water, spread on five 
combinations of different soil substrates (horticultural substrate, 
decomposed granite, peat moss, and perlite), and cultivated for 14 
weeks. The cultures were maintained at a temperature of 25 ± 1°C, 
light intensity of 43 ± 2.0 μmol·m-2·s-1, humidity of 84 ± 1.4%, and 
a photoperiod of 16/8 h (light/dark). The mixture containing a 2:1 
(v/v) ratio of horticultural substrate and decomposed granite, 
increased sporophyte formation to 430.0 sporophytes per pot, 
which was 7.64 sporophytes per cm2. Horticultural substrate alone, 
and 2:1 mixtures of horticultural substrate and decomposed granite 
induced the development of 424.5, and 382.5 sporophytes per pot, 
respectively. Therefore, we have suggested an efficient proliferation 
method and condition for mass production of L. microphyllum. This 
study was supported by 'useful plant collection and development of mass 
propagation protocol for the establishment of foundation of convergence platform 
using forest plants (KNA1-2-25, 16-3)' project funded by Korea National 
Arboretum 
 
P-3031 
Optimal Culture Conditions for Mass-propagation of 
Gametophytes and Sporophytes in Thelypteris palustris (Salisb.) 
Schott. HA MIN LEE1,2, Bo Kook Jang1,2, Kyungtae Park1,2, and 
Cheol Hee Lee1,2. 1Division of Animal, Horticultural and Food 
Sciences, Chungbuk National University, Cheongju, REPUBLIC 
OF KOREA and 2Brain Korea 21 Center for Bio-Resource 
Development, Chungbuk National University, Cheongju, 
REPUBLIC OF KOREA. Email: hamin0627@naver.com 
 
This study was carried out to investigate a suitable culture condition 
for gametophyte and sporophyte formation of Thelypteris 
palustris (Salisb.) Schott which is known as an ornamental and a 
capable landscape plant. Gametophytes obtained from in-vitro 
spore germination, which were then subcultured by 8-week period, 

were used as an experimental material. Appropriate medium for 
gametophyte propagation was investigated by culturing 300 mg of 
gametophytes in mediums (1/4, 1/2, 1, 2 MS, and Knop medium) 
for 8 weeks. Then, sucrose, activated charcoal, and a nitrogen 
source were added in different concentrations to the culture 
medium selected according to the result. The culture was 
maintained at a temperature of 25 ± 1°C, light intensity of 30 ± 1.0 
μmol·m-2·s-1, and a photoperiod of 16/8 h (light/dark). As a result, 
the fresh weight of gametophyte was shown significant 
increasement to 7.9 g in 1MS medium and observed normal organ 
formation through the microscope. Therefore, different 
concentrations of other medium components were added to the 
basic 1MS medium which had lead the gametophyte propagation to 
be maximized in concentrations of 3% sucrose, 0.4% activated 
charcoal and 60 mM of nitrogen source. The five combinations of 
soil components (horticultural soil, peat moss, perlite, and 
decomposed granite) were filled into plastic pots (7.5×7.5×7.5cm) 
to select suitable culture soil for formation of sporophytes. Then, 1 
g of gametophytes was ground with 25 ml of distilled water with a 
hand-blender and cultured for 10 weeks. As a result, the number of 
sporophytes was 117.0 (sporophytes/pot) in the soil mixed 2:1 (v:v) 
of the horticultural soil and pearlite. Therefore, our results suggest 
that practical culture condition for mass propagation of T. palustris. 
This study was supported by 'useful plant collection and development of mass 
propagation protocol for the establishment of foundation of convergence platform 
using forest plants (KNA1-2-25, 16-3)' project funded by Korea National 
Arboretum 
 
P-3032 
Mass Propagation of Dryopteris simasakii (H. Itô) Kurata. Using In 
Vitro Culture Technique. KYUNGTAE PARK1,2, Bo Kook Jang1,2, 
Cheol Hee Lee1,2, and Ju Sung Cho1,2. 1Division of Animal, 
Horticultural and Food Sciences, Chungbuk National University, 
Cheongju, REPUBLIC OF KOREA and 2Brain Korea 21 Center 
for Bio-Resource Development, Chungbuk National University, 
Cheongju, REPUBLIC OF KOREA. Email: pkt4418@naver.com 
 
This study was conducted to investigate the optimal culture method 
for gametophyte and sporophyte propagation of Dryopteris 
simasakii (H. Itô) Kurata. The prothalli used in all experiments were 
obtained from germinated spores. Chopped prothallus (0.3g) was 
cultured for 8 weeks using 1/4 - 2 MS and Knop medium to identify 
which is the most appropriate for gametophyte propagation. The 
growth and development of prothallus were significant in 1MS 
medium. Therefore, various concentrations of sucrose (0 – 4%), 
activated charcoal (0 – 0.8%), and nitrogen source (30 – 120mM) 
were added to 1MS medium and cultured for 8 weeks. The fresh 
weight of prothallus was the highest in the condition of 1% sucrose 
concentration. The four treatments of activated charcoal seemed 
not to affect the fresh weight significantly. Each nitrogen sources 
caused the fresh weight of the treatments to increase by a similar 
level and showed no significant difference but the morphological 
development of prothalli was shown the greatest in 120mM 
treatment. To investigate the sporophyte formation according to 
the soil types, prothallus(1.0g) was ground with distilled water and 
spread to five combinations of soils made of four different soil 
components (horticultural substrate, decomposed granite, peat 
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moss and perlite) and cultured for 14 weeks. The highest number 
of sporophytes (278.3/pot) was formed in soils mixed with 
horticultural substrate and perlite at 2 : 1 (v : v). Therefore, the most 
suitable medium for gametophyte propagation of D. simasakii is 
1MS medium of 1 % sucrose and nitrogen source of 120mM 
concentration. Also, mixed soil of horticultural substrate and perlite 
at 2 : 1 (v : v) ratio was found to be the most suitable for the mass 
production of sporophytes. This study was supported by 'useful plant 
collection and development of mass propagation protocol for the establishment of 
foundation of convergence platform using forest plants (KNA1-2-25, 16-3)' 
project funded by Korea National Arboretum 
 
P-3033 
Topolin Cytokinins for Micropropagation of Elite Tropical Timber 
Wood Tree Species. ROMAIN MARTIN1, Maroua Grira1,2, Jean-
Paul Reynoird1, and Stefaan Werbrouck2. 1Greenlab Biotechnology, 
San Pedro del Espino, REPUBLIC OF PANAMA and 2Laboratory 
for Applied In Vitro Plant Biotechnology, Dept. Plants and Crops, 
Faculty of Bioscience Engineering, Ghent University, Ghent, 
BELGIUM. Email: romain.martin.pa@hotmail.com 
 
Greenlab biotechnology is a new company with large capacity state-
of-the art tissue culture and greenhouses facilities, dedicated to the 
clonal propagation and sales worldwide of elite disease free planting 
materials in tropical trees and specialty crops. Greenlab 
Biotechnology offers a multiplication service on a large number of 
species thanks to its diversified know-how. The demand for tropical 
elite tree plantlets for timber wood production is rising. Seedlings 
are often difficult to obtain by lack of seeds and their value cannot 
be validated on the short term. Therefore in vitro mass propagation 
is a good alternative. Nevertheless, a lot of species remain 
recalcitrant for the classical cytokinins such as benzyladenine. 
Modern cytokinins of the topolin family promise breakthroughs, as 
they follow different metabolic pathways. A number natural 
occurring meta-topolin derivatives such as mT, mTR, oTR, 
MemTR and MeOTR were compared with benzyladenine during 
initiation and micropropagation phase of Swietenia spp, Cedrela 
odorata, Dalbergia retusa, Tabebuia spp, Paulownia tomentosa, Myroxylon 
balsamum and Tectona grandis. The different reactions of the shoot 
explants will be discussed and put in to perspective. 
 
P-3034 
Phytotoxicity of Streptomycin to Cannabis sativa. SAVANAH ST. 
CLAIR and Norman Senn. Knockout Genetics, LLC., Los Angeles, 
CA. Email: profsmstclair@gmail.com 
 
Rare and valuable strains of Cannabis sativa justify the use of 
antibiotics despite the associated elevated cost of production. 
Concerns exist about residual fungicides affecting the health of 
medical Cannabis consumers, thus requiring consideration of 
various alternatives for preservation of micro-propagated plants. 
The purpose of this study is to determine the optimal concentration 
of Streptomycin for Cannabis tissue culture. Streptomycin is among 
the least phytotoxic of antibiotics (Wright 1951) and is commonly 
used in agricultural propagation (Hartmann and Kester). We treated 
MS shooting and rooting media with 250 mg/mL Streptomycin and 
initiated novel Cannabis strains. The contamination rate was less 

than 10% on first time initiates. While the Streptomycin was very 
effective as an antibacterial, after about 1 week toxicity symptoms 
on Cannabis leaves were observed. The leaves appeared chlorotic 
in the center and stayed green on the margins, which resembled 
sulfur deficiency. Shoot growth was inhibited. The mode of action 
of Streptomycin involves the interruption of protein synthesis 
(NCBI PubChem). The Cannabis strains tested displayed varying 
tolerance to the antibiotic treatment. This suggests strain specificity 
toward Streptomycin tolerance. After studying additional literature, 
it is clear that different species have different tolerances to 
Streptomycin (Buckseth 2017, Biasi 1995). For example, citrus 
tolerates 250 mg/L (Eed 2010). However, there can be differential 
accumulation in the leaves to elevated levels that exceed the initial 
concentration in the rootzone (Dye 1956). The next step is to test 
lower levels of Streptomycin treatment in MS rooting and shooting 
media across multiple genotypes of Cannabis. We will test 
Streptomycin levels in MS media between 12.5mg/L and 125 mg/L 
to determine the optimal concentration of the antibiotic for 
controlling microbes while maintaining acceptable shoot growth.  
 
P-3035 
Saving the Federally Endangered Rare Virgin Islands Thorn Lily 
(Catesbea malanocarpa) by Tissue Culture. THOMAS W. 
ZIMMERMAN. University of the Virgin Islands Agricultural 
Experiment Station, RR1 Box 10000, Kingshill, VI 00850. Email: 
tzimmer@uvi.edu 
 
Catesbaea melanocarpa, a federally endangered rare tree, found only 
on St.Croix, is related to coffee. The objective was to investigate 
tissue culture to micropropagate seedlings and maintain genetic 
diversity. Seeds, surface sterilized and placed on basic agar gelled 
nutrient medium, germinated over four months. After two months 
of growth, seedlings were cut into segments with two nodes and 
transferred to media containing a plant growth regulator to promote 
shoot proliferation. Tissue culture medium containing 10 uM 
Benzyl Aminopurine resulted in 5.8 shoots as compared to 0.8 from 
the control without a plant growth regulator. Tissue culture can be 
successfully used to propagate and save genetic diversity of a rare 
federally endangered local tree species. This was funded by the US Fish 
and Wildlife Service Foundation and USDA McIntire Stennis funds. 
 
P-3036 
Metabolic Engineering of the Astaxanthin Biosynthetic Pathway 
in Citrus. QUINTON ALLEN, Vicente Febres, Bala 
Rathinasabapathi, Gloria Moore, and José Chaparro. University of 
Florida, Horticultural Sciences Department, 2550 Hull Road, 
Gainesville, FL 32611. Email: Quintonallen@ufl.edu 
 
Many Carotenoids have been shown to have nutraceutical 
properties and to be essential for human nutrition. Consumption of 
carotenoid-rich fruits and vegetables can reduce the risk of many 
diseases. The ketocarotenoid astaxanthin has become a 
commercially valuable compound due to its powerful antioxidant 
properties compared to other carotenoids. Astaxanthin is naturally 
produced in certain algae, bacteria, and the flowers of some species 
of the genus Adonis. It is typically produced in small quantities in 
these organisms and it is costly to extract. Chemical synthesis of this 
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compound has also shown limited success with a high proportion 
of esterified forms of astaxanthin being produced, which decreases 
antioxidant properties of the product. In recent work by others, 
attempts at genetic transformation of flowering plants have been 
made to create a cost-effective source for astaxanthin extraction, 
but the amounts produced have been insignificant. Citrus, however, 
is a likely candidate for a cost-effective source due to its rich content 
of naturally produced carotenoids in the peel and flesh of the fruit. 
There is potential that this compound can be produced via two 
distinct ways in Citrus through separate pathway modifications. The 
addition of the gene, β-carotene ketolase from the 
bacteria Brevundimonas sp. SD212, may be sufficient to convert the 
precursor carotenoids in Citrus into astaxanthin to produce levels 
that no other plant has been able to produce previously. A second 
route would be the addition of the unique ketolase and hydroxylase 
genes from the vascular plant Adonis aestivalis, which would produce 
astaxanthin in Citrus through an alternative pathway. 
 
P-3037 
Environmental Impacts on Triacyl Glycerol Accumulation in 
Vegetative Tissues of Oilcane. SOFIA CANO1,4, Saroj Parajuli1, 
Baskaran Kannan1,4, Hui Liu2,4, Eva Garcia-Ruiz3, Huimin Zhao3,4, 
John Shanklin2,4, and Fredy Altpeter1,4. 1Agronomy Department, 
Plant Molecular and Cellular Biology Program, Genetics Institute, 
University of Florida, IFAS, Gainesville, FL; 2Biosciences 
Department, Brookhaven National Lab, Upton, NY; 3Department 
of Chemical and Biomolecular Engineering, University of Illinois at 
Urbana-Champaign, Urbana, IL; and 4DOE Center for Advanced 
Bioenergy and Bioproducts Innovation, University of Florida, 
Agronomy Department, Gainesville, FL, Email: sofiacanoalfanar@ 
ufl.edu, altpeter@ufl.edu 
 
Diverting carbon flux from sucrose to oil in a high biomass crop 
like sugarcane has been proposed as a metabolic engineering 
strategy to boost lipid yields per acre for biodiesel production. The 
energy content of plant oils in the form of triacylglycerols (TAGs) 
is two-fold greater compared to carbohydrates. We recently 
engineered sugarcane for elevated fatty acid and TAG synthesis and 
for reduced TAG hydrolysis in vegetative tissues by co-delivery of 
multiple gene expression/suppression cassettes. In this study, we 
established metabolically engineered sugarcane plants and non-
transformed control plants in vitro via direct organogenesis from 
cultured leaf whorl explants. TAG content in leaf tissues was 
evaluated from regenerated plantlets in culture media with two 
different concentrations of sucrose and two different light 
intensities. We also evaluated TAG content in leaves from the same 
events grown under growth chamber and greenhouse environments 
by gas-chromatography and mass spectrometry (GC-MS). This 
research outcome will inform rapid screening protocols when 
exploring alternative constructs for elevating the TAG content in 
sugarcane. Acknowledgements: This material is based upon work supported 
by the U.S. Department of Energy, Office of Science, Office of Biological and 
Environmental Research under Award Number DE-SC0018420 
 
 
 
 

P-3038 
2A Peptides and Golden Gate Modular Cloning Based Polycistronic 
Expression System for Plants. JE HYEONG JUNG, Jae Hoon Lee, 
and Hyo Jun Won. Smart Farm Research Center, Korea Institute of 
Science and Technology (KIST), Gangneung 25451, REPUBLIC 
OF KOREA. Email: jhjung@kist.re.kr 
 
Multigene co-expression has been highly desired for the genetic 
improvement of plants, especially for integrating multiple traits, 
expressing multimeric proteins, and reprogramming complex 
metabolic processes. Among the strategies for multigene co-
expression in plants, introducing multiple expression cassettes often 
induce significant variations in expression levels of introduced 
genes because of positional effects. Utilizing a single vector with 
multiple regulatory elements could be an alternative. However, the 
size of vector and the number of introducible genes could be 
limited. Moreover, synchronized expressions of introduced genes 
would be hardly achievable due to different regulatory 
characteristics of each promoter. 2A peptides mediating cleavage of 
polypeptides during translation have attracted great attention for 
multigene co-expression with advantages of their polycistronic 
nature allowing synchronized gene expressions and their small size 
maximizing the genetic payload in a single construct. To establish 
2A peptide mediated polycistronic expression system with 
convenient cloning procedure, we developed Golden Gate 
compatible modular vectors containing codon optimized 2A 
peptide sequences (T2A or P2A), promoter, or terminator. Binary 
Golden Gate destination vector was also built for plant 
transformation with hptII or nptII selectable marker. The efficacy of 
the system was demonstrated by polycistronic expression of three 
fluorescent proteins (mVenus, eYFP, and eGFP) in tobacco. We 
also discussed the effect of gene position on expression levels in the 
polycistronic construct. 
 
P-3039 
Alaskan Wild Berry Extracts Promote Skin Repair and Attenuate 
Inflammatory Response In Vitro. JOHN OVERALL1,3, Debora 
Esposito1,2, Mary H. Grace1,3, Slavko Komarnytsky1,3, and Mary 
Ann Lila1,3. 1Plants for Human Health Institute, North Carolina 
Research Campus, Department of Food, Bioprocessing, and 
Nutrition Sciences, North Carolina State University, Kannapolis, 
NC; 2Department of Animal Science, North Carolina State 
University, Raleigh, NC; and 3Department of Food, Bioprocessing, 
and Nutrition Sciences, North Carolina State University, Raleigh, 
NC. Email: jcoveral@ncsu.edu, daesposi@ncsu.edu 
 
There is increasing interest in identifying biologically active 
constituents from medicinal plants for wound healing and skincare 
applications. Various wild berry species that are endemic to the 
circumpolar Arctic are valued by Alaska native populations for their 
medicinal properties, particularly for use in the treatment of skin 
wounds. The aim of the current investigation was to test the 
influence of flavonoid-enriched extracts from three compositionally 
diverse Alaskan berries - Empetrum nigrum (crowberry), Vaccinium 
uliginosum (bog blueberry), and Vaccinium vitis-idaea (low-bush 
cranberry or lingonberry) – on correlates of wound healing 
effectiveness in an in vitro human skin model with dermal 
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fibroblasts. We examined the extent to which different extracts and 
flavonoid-enriched fractions of different berries modulated 
macrophage inflammatory activation, as well as evaluating effects 
on wound-induced fibroblast migration during wound closure. 
Proanthocyanidin enrichment was efficacious in these models and 
procyanidin B2 and its structural metabolites were selected for 
additional mechanistic investigations were conducted in order to 
elucidate the molecular pathways through which Alaskan wild berry 
compounds could effectively modulate gene expression networks 
regulating inflammatory response and skin repair functions after 
injury. Procyanidin B2 and metabolites variously stimulated 
mitochondrial function and bioenergetics (basal respiration, ATP 
production, and maximum respiratory capacity) and upregulated 
expression of important ECM protein-coding genes (integrin-β1 
[ITGB1] and collagen type I α2 chain [COL1A2]). Targeting cellular 
bioenergetics and integrin-mediated cell-ECM signaling with 
bioactive flavonoids from Alaskan berries shows considerable 
therapeutic promise to treat chronic skin wounds and inflammatory 
skin disorders, as well as more generally to support regenerative 
healing responses and restore function in a variety of tissue and 
organ settings after injury or aging. 
 
P-3040 
A Suppressor Screening to Identify a New Component in 
Cytokinin-mediated Ethylene Biosynthesis. CHANUNG PARK, 
Dong Hye Seo, and Gyeong Mee Yoon. Department of Botany and 
Plant Pathology, Purdue University, West Lafayette IN. 
Email: park947@purdue.edu, yoong@purdue.edu 
 
The plant hormone ethylene regulates various plant growth and 
developmental processes, including seedling germination, 
senescence, and responses to biotic and abiotic stresses. The 
biosynthesis of ethylene is tightly regulated through a positive or 
negative feedback loop to optimize the levels of ethylene needed 
for a specific developmental stage or stress conditions. 1-
aminocyclopropane-1-carboxylic synthase (ACS) regulates the rate-
limiting step of ethylene biosynthesis pathway by controlling its 
protein stability or transcript levels in response to various stimuli 
including plant hormones. Cytokinin is one of the hormones that 
increase ACS protein stability by inhibiting E3 ligases that act 
through the C-terminal domain of the ACS for downregulating the 
ACS stability. Interestingly, recent several molecular genetic studies 
have shown that the ethylene overproducer mutant2 (eto2) 
and eto3, Arabidopsis ACS mutants with a mutation in the C-terminal 
domain of ACS5 or ACS9, respectively, still exhibits cytokinin-
induced ACS stabilization. To identify a novel pathway that 
regulates the stability of ACS via a non-C-terminal domain, we 
employed a suppressor screening by utilizing EMS-
mutagenized eto3 with a focus on identifying mutants that fail to 
respond to cytokinin by the root assay, triple response, and ethylene 
measurement. 
 
 
 
 
 
 

P-3041 
Regulation by Exogenous Peptides of Plant Cells In Vitro Growth 
and Differentiation. LARISA FEDOREYEVA1,2, Ekaterina 
Baranova2, and Boris Vanyushin1,2. 1Moscow State University 
and 2All-Russian Institute of Agricultural Biotechnology, RUSSIA. 
Email: iab@iab.ac.ru 
 
The peptides regulate of vital activity in eukaryotes, it is gene-
specific, has a signal regulatory nature and is probably epigenetic. 
Short exogenous peptides at a concentration of 10-8 M stimulate 
the growth and development of tobacco calluses Nicotiana tabacum 
L. Along with an increase in the wet weight of callus (up to 100%), 
callus genesis and increase of leaf formation. They modulate gene 
expression of the KNOX and GRF families, which to be 
responsible for cell differentiation. The profile of induction or 
repression of gene expression by the same compound in callus and 
tobacco seedling is different. This indicates the cellular (tissue) 
specificity of the action of the studied compounds in plants. Around 
zero magnetic field and a constant magnetic field can be used to 
regulate the differentiation of plant tissues in vitro. As a result, along 
with morphological changes of the action of peptides and the 
magnetic field on tobacco calluses, changes in the ultrastructure of 
cell compartments, in particular, nuclei and mitochondria, were 
observed. Significant differences in the packing of chromatin in the 
presence of peptides both in normal conditions and under the 
action of NaCl, as well as in the magnetic field, are revealed. The 
revealed differences in the gene expression of DNA 
methyltransferases and histone methyltransferases are most likely 
due to the rearrangement of the eu- and heterochromatins of the 
nuclear domains. The combinatorial effects peptides of different 
structure and magnetic field can regulate the growth and 
differentiation of plant cells in vitro. The work was carried out on the 
instructions of AAAA-А17-117091460012-8 and with the financial 
support of the RFBR grant fund (grant 18-016-00150). 
 
P-3042 
Complexes of Structurally Modified Plant Virus with Magnetic 
Nanoparticles. NIKOLAI NIKITIN, Oleg Baranov, Ekaterina 
Evtushenko, Marina Arkhipenko, and Olga Karpova. Lomonosov 
Moscow State University, Department of Virology, 1/12 Leninskie 
gory, 119234, Moscow, RUSSIA. Email: nikitin@mail.bio.msu.ru 
 
Previously we demonstrated the phenomenon of tobacco mosaic 
virus thermal transition at 94°C into RNA-free protein spherical 
particles (SPs). A number of unique properties of SPs were shown: 
high stability, SPs size control during production, biodegradability, 
safety for mammals and high adsorption properties. Thus SPs can 
be the basis for developing new biotechnologies and medical 
applications. Magnetic nanoparticles were used in our previously 
work to examine the charge distribution on the surface of viruses 
and VLPs. Here we studied the possibility of the formation and 
characteristic of magnetic complexes with structurally modified 
virus (SPs). It was previously found that SPs have a total negative 
charge at medium and high pH values. The magnetic nanoparticles 
(50 nanometers in diameter) used for that study represent the 
aqueous dispersion of iron oxide clusters covered with hydrophilic 
polymer functionalized with diethylaminoethyl groups to introduce 
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the positive charge. In this way, positively charged magnetic 
nanoparticles can interact with negatively charged SPs. Complexes 
formation were controlled by detecting changes in size distribution 
profile by Nanoparticles Tracking Analysis technique and visualized 
by transmission electron microscopy. We demonstrated that 
positively charged magnetic nanoparticles effectively interact with 
SPs. Almost all observed SPs were involved into the interaction and 
formed complexes with magnetic nanoparticles. The ability to move 
in a magnetic field was clearly demonstrated in vitro. Magnetic 
complexes based on SPs associated with biologically active 
substances on their surface (enzymes, nucleic acids, antibodies, etc.) 
can be used for the targeted delivery of necessary components using 
a controlled magnetic field in cells or tissues of eukaryotic 
organisms, that opens up novel possibilities in molecular medicine, 
diagnosis, and therapeutics of diseases at the molecular level. Funded 
by RFBR № 18–04-00028. 
 
P-3043 
Amino Acid Substitutions in Conserved Surface Immunogenic 
Domain of Related Cucumoviruses Can Influence Cross-
recognition of Their Capsid Proteins. T. V. GASANOVA, A. A. 
Koroleva, E. V. Skurat, and P. A. Ivanov. Lomonosow Moscow 
State University, Faculty of Biology, Department of Virology, 
119234, Moscow, RUSSIA. Email: tv.gasanova@gmail.com 
 
Recently our group discovered and sequenced a new Moscow 
isolate of cucumovirus (family Bromoviridae) Gayfeather mild mottle 
virus (GfMMV-Mo) from Arctium lappa. This isolate can be 
considered as a promising candidate for plant biotechnology 
applications as it is able to infect tobacco (Nicotiana tabacum) and N. 
benthamiana systemically. In the current work we infected N. 
benthamiana by Cucumber mosaic virus (CMV, DMCZ PC-0929, 
Germany) and GfMMV-Mo via mechanical inoculation. Two weeks 
post inoculation in both cases we observed significant symptoms 
on the upper leaves. CMV infection was characterized by 
deformation and twisting of the leaf blade, mild chlorosis and vein 
clearing. In case of GfMMV-Mo we additionally noticed yellow 
chlorosis and plant growth retardation. Extracts from non-
inoculated leaves were analyzed by Western blotting with polyclonal 
antisera (dilution 1:5000) to CMV (DSMZ, Germany, rabbit) and 
GfMMV-Mo (our lab, mouse). Coat proteins (CPs) of the two 
viruses mentioned served as positive controls. We did not reveal 
any cross-reactions between both CPs neither for CMV nor for 
GfMMV-Mo-specific antibodies. Analysis of amino acid sequences 
of CPs demonstrated that residues K193 and T196 in the highly 
immunogenic domain located in the loop between βH and βI 
segments (Liu et al., 2002) were substituted to V193 and A196, 
respectively. This loop region (positions 191-198) is variable among 
different CMV isolates as well. Position 193 is presented 
predominantly by K and, less often, by A, N, or R. For loop βВ-βС 
(114-120 aa) GfMMV-Mo CP protein sequence does not match 
CMV at position 114 (S to L). Thus, even small differences in the 
genomes of two related cucumoviruses lead to problems in 
diagnosing widespread viruses belonging to the same genus. 
Phylogenetic analysis of CP nucleotide sequences of cucumoviruses 
(maximum likelihood, bootstrap values ≥ 70%) showed that coat 
protein of GfMMV-Mo is closely related to another economically 

important pathogen Tomato aspermy virus (TAV). Interestingly, 
amino acid positions 193 and 196 of both CPs are the same. 
 
P-3044 
Expression Profiling of Arsenic Responsive Genes in Pteris 
vittata Subjected to Different Arsenic Stresses. OSAGIE IDEHEN, 
Marceline Egnin, Ramble Ankumah, Raymon Shange, Adrianne 
Brown, Gregory C. Bernard, Conrad Bonsi, Foaziatu Burkari, 
Adrianna Brown, and Inocent Ritte. College of Agriculture, 
Environment and Nutrition Sciences, Tuskegee University, 
Tuskegee, AL 36088. Email: oidehen1985@tuskegee.edu 
 
Arsenic is a ubiquitous metalloid carcinogen occurring naturally in 
the environment. Anthropogenic activities, such as use of 
agrochemicals contribute to elevation of its environmental 
concentration to toxic levels posing human health risk and 
environment contamination particularly of soil and water. Many 
methods are available for the remediation of arsenic in 
contaminated environment, however most of these are costly, not 
sustainable or eco-friendly. Pteris vittata was discovered in 2001 as 
an hyperaccumulator of arsenic, able to accumulate as much as 2% 
of its dry weight. Arsenic exist in numerous chemical forms in the 
environment, however the inorganic forms, arsenate and arsenite 
are most prevalent. Arsenate, a phosphate analog, is uptake through 
the phosphate transport system, and arsenite through the aquaporin 
channels. Both forms induce abiotic stress in living system. Some 
genes have been identified as playing a role in the mechanism of 
uptake, transport, detoxification, and eventual sequestration in the 
above ground tissue of Pteris vittata. Hence, little is known about the 
comparative expression profile of these genes. In this study we 
evaluated and profile arsenic related genes of Pteris vittata to better 
elucidate the mechanism of arsenic hyperaccumulation and 
response to arsenic induced stress. In a greenhouse study, Pteris 
vittata was subjected to different concentrations of arsenic, and 
plant tissue total RNA was extracted to screen the expression of the 
selected genes by RT-Real-time PCR. Preliminary result shows 
upregulation of phytochelatin synthase and the accumulation of 
arsenic correlated to expression level of phosphate transporter. 
Work supported by: USDA USDA-NIFA 1890 Grant#2014-
38821-22448, Tuskegee U GWCAES-CAENS. 
 
P-3045 
Comparative Assessment of Microbial Structure and Enzyme 
Activities in Two Forest Management Practices. SANGITA 
KARKI, Raymon Shange, Ramble Ankumah, Wendell 
McElhenney, and Osagie Idehen. College of Agriculture, 
Environment, and Nutrition Sciences, Tuskegee University, 
Tuskegee, AL. Email: skarki4347@tuskegee.edu 
 
Silvopasture is the most common forms of agroforestry system that 
intentionally integrates timber, grazing livestock, and forage crops. 
This system improves sustainability of land by increasing the farm 
productivity and generating overall social, ecological, and economic 
benefits. Despite the importance of the silvopasture, there are very 
limited study done in the past regarding the impact of this forest 
management practice on microbial diversity as compared to others. 
Therefore, the objectives of our study were to compare the 
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microbial community structure and enzymatic activities in 
silvopasture and woodland management practices. The study was 
conducted at the Atkins Agroforestry Research and Demonstration 
Site at Tuskegee University. The site consisting of 1-acre longleaf 
(Pinus palustris Mill. )-loblolly (Pinus taeda L. ) mixed pine-forage 
crops silvopasture plots and pine woodland plots each replicated 6 
times. Soil samples were collected for enzymes (phosphatase, β-
glucosidase, N-acetyl-β-D-glucosaminidase, and arylsuphatase) 
assay and microbial DNA extractions. The DNA was subjected to 
Illumina MiSeq 2500 sequencing of the 16S rRNA gene for 
microbial diversity analysis. Preliminary results show higher 
microbial diversity in silvopasture plots as compared to woodland. 
Ascomycota (Fungi) and Protobacteria, Fermicutes, and 
Actinobacteria (bacteria) were among the dominant phyla. The 
enzyme activities were also higher in the silvopasture system. 
Relative abundance and principal coordinate analysis showed 
clustering of, and correlation between, the microbes and the 
measured physiochemical properties, enzymes and forest 
management practices. Work supported by: USDA USDA-NIFA 
1890 Grant, Tuskegee University GWCAES-CAENS. 
 
P-3046 
Cloning and Characterization of Translation Initiation Factors 
eIF4E and eIF(iso)4E in Sweetpotato (Ipomoea batatas L.). 
ADRIANNE BROWN, F. Bukari, M. Egnin, G. C. Bernard, D. 
Mortley, and C. Bonsi. Plant Biotechnology and Genomics 
Research Lab, College of Agriculture, Environment and Nutrition 
Sciences, Tuskegee University, Tuskegee, AL 36088. Email: 
abrown9633@tuskegee.edu, megnin@tuskegee.edu  
 
Potyviruses are a family of (+) sense single-stranded RNA viruses 
that delimit Sweetpotato production by forming synergistic 
complexes that can cause up to 90% yield loss, especially 
sweetpotato feathery mottle virus (SPFMV). The eukaryotic 
translation initiation factor proteins are a family of genes that have 
been identified recessive resistant alleles known to provide 
resistance against an array of potyvirus strains in a broad range of 
hosts by inhibiting the interaction between the VPg (viral protein 
genome-linked) protein that resembles the 5’ cap of mRNA and the 
hosts translation initiation factors eIF4e and eIF(iso)4E. In 
Sweetpotato, limited information on eIF4E interaction in response 
to potyvirus tolerance and resistance has been studied. In this study, 
we seek to identify eIF4e forms by cloning putative eIF4E genes 
from hexaploid sweetpotato variety based the wild-type Ipomoea 
transcripts reference database. The differential characterization of 
eIF4e between resistant cultivar (Resisto) and susceptible cultivar 
(Beauregard) will help gain an insight into their potential role in 
SPFMV resistance and susceptibility. Confirmed annotated eIF4E 
transcripts will be utilized to develop gRNAs for CRISPR/Cas9 
sequence specific mutations. Work supported by USDA-NIFA 
Grant #2017-38821-26414; Tuskegee University CAENS-
GWCAES-NIFA-EVANS-ALLEN and iBREED. 
 
 
 
 
 

P-3047 
Comparative Analysis of Four Corn Inbred Lines by Amplified 
Fragment Polymorphism Reveals Markers Associated with 
Resistance Against Corn Lethal Necrosis Disease. INOCENT P. 
RITTE1, M. Egnin1, P. Kulsolwa2, G.C. Bernard1, G. He1, and C. 
Bonsi1. 1Plant Biotechnology and Genomics Research Lab, College 
of Agriculture, Environment and Nutritional Sciences, Tuskegee 
University, Tuskegee, AL 36088 and 2Department of Crop Science 
and Horticulture, Sokoine University of Agriculture,  
Morogoro, TANZANIA. Email: irtte@mytu.tuskegee.edu, megnin 
@tuskegee.edu 
 
Amplified Fragment Length Polymorphism Analysis (AFLP) 
technique was used to evaluate the genetic polymorphism of four 
corn inbred lines that have known background reaction to corn 
lethal necrosis disease (CLN) induced by synergetic infection of 
maize chlorotic mottle virus with any potyvidae. Genotypes 
evaluated were promising resistant lines CML494 & N218 and 
susceptible lines CL-G2620 & A635. Twelve selective primers were 
screened and yielded 62 polymorphic allelic fragments. 
Unambiguous polymorphic AFLP fragments were eluted, purified 
and sequenced. Sequencing and nucleotide alignment on Basic 
Local Alignment Search Tool (BLAST) analysis showed similarities 
of fragments consistent with transcripts involved in Zea 
mays disease resistance and stress responses such as pathogenesis 
related proteins, Serine/threonine kinase protein, rust resistance 
protein (rp3-1), receptor kinases, Zea mays putative zinc finger 
protein and Zea mays isolate TCONS_00063399 drought responsive 
lncRNA, complete sequence. Further study will test the significance 
of the identified fragments for marker-traits association, hence they 
may be exploited for corn lethal necrosis marker-assisted selection 
after the required validation. Work supported by Tuskegee 
University iBREED, a USDA USDA-NIFA 1890 Grant#2014-
38821-22448 and iAGRI, Tuskegee University CAENS-GWCAES-
NIFA-EVANS-ALLEN. 
 
P-3048 
Improving the Efficiency of Wheat Microspore Culture 
Methodology – Evaluation of Pretreatments, Gradients, and 
Epigenetic Chemicals. ALISON M. R. FERRIE, H. M. Wang, J. L. 
Enns, K. L. Nelson, J. M. Brost, and T. D. Orr. National Research 
Council of Canada, 110 Gymnasium Place, Saskatoon, SK, S7N 
0W9, CANADA. Email: Alison.Ferrie@nrc-cnrc.gc.ca 
 
The objective of the study was to develop efficient widely adaptable 
microspore culture methodology for spring and winter wheat 
genotypes. Current wheat microspore culture methods are still 
inadequate for routine application, especially for winter genotypes. 
The present study involved increasing the frequency of microspore 
embryogenesis and improving the conversion of microspore-
derived embryos to fertile green plants. A systematic evaluation was 
conducted testing numerous factors at all phases of the microspore 
embryogenesis process. Results from pretreatments, maltose 
gradients, and histone deacetylase inhibitors are presented. A 28 day 
cold pretreatment of spikes was optimal for winter wheat genotypes 
whereas a 21 day cold pretreatment was best for spring genotypes. 
Microspore suspensions containing a high frequency of 
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embryogenic microspores were established by resuspension in a 
23% maltose gradient with subsequent pelleting with a mannitol 
containing solution. The application of trichostatin A (TSA) 
enhanced embryogenesis and/ or green plant regeneration. Other 
epigenetic chemicals like scriptaid, BIX, and sodium butyrate were 
also evaluated. Scriptaid enhanced embryogenesis but regenerated 
plantlets showed abnormal shoot and root development. The 
improved methodology was validated using a range of spring and 
winter wheat genotypes. 
 
P-3049 
Evaluating the Effect of Selective Media on In Vitro Propagation of 
Pteris ensiformis and Pteris vittata. CAPRI CHARLESTON, Osagie 
Idehen, Marceline Egnin, Adrianne Brown, Foaziatu Bukari, 
Gregory C. Bernard, Conrad Bonsi, and Ramble Ankumah. Plant 
Biotechnology and Genomics Research Lab, College of Agriculture, 
Environment and Nutrition Sciences, Tuskegee University, 
Tuskegee, AL 36088. Email: megnin@tuskegee.edu 
 
Slender brake fern, Pteris ensiformis, and Chinese brake fern, arsenic 
hyperaccumulator, Pteris vittata are utilized as ornamental plants 
commonly grown in Southern California, Southeastern region of 
the United States and prone to warm tropical regions of the Eastern 
Hemisphere. They are both import in elucidating the mechanism of 
arsenic uptake from agricultural lands, thus have tremendous 
phytoremediation potential. The growth and development of Ferns 
are time consuming, especially when needed for agronomic and 
molecular experimentations. Earlier research shows propagations 
of fern spores and vegetative parts can be done using ½ strength 
Murashige and Skoog medium (MSO). This study evaluated the in 
vitro propagation and physiological responses of Pteris 
ensiformis and Pteris vittata ferns using different media formulation to 
develop a stable and repetitive culture protocol for the propagation 
of P. vittata and P. ensiformis. Results showed that germination 
occurred first in P. vittata at an average of 5 days after soring and P. 
ensiformis average of 8 days. The appearance of sporophytes was first 
noticed in plates with 2% sucrose at 56 days. The present study 
gains an insight into fern spore germination/regeneration critical to 
the rapid utilization and evaluation of abiotic factors impact 
providing information for the development and management of the 
plant for phytoremediation and ornamental uses. Funded by 
USDA-NIFA Grant# 2014-38821-22448 (iBREED) and Tuskegee 
University CAENS-GWCAESNIFA-EVANS-ALLEN 
 
P-3050 
Bacillus Thuringiensis Stimulating Effect on the Pea Seedlings 
Growing. ANASTASIIA KRYZHKO and Ludmila Kuznetsova. 
Research Institute of Agriculture of Crimea 150, Kievskaya str., 
Simferopol, 295493, RUSSIA. Email: solanum@ukr.net 
 
Some aspects of plants growing activity of Bacillus thuringiensis 
entomopathogenic strains on the pea plants was investigated in this 
work. Thus, it was found that the culture of B. thuringiensis 787 
strain has an actively stimulating effect on the biomorphometric 

indicators of pea seedlings. This stimulating effect is significantly 
exceeded the effect of the reference strain B. thuringiensis Z-52. 
Amylase activity in pea seedlings treated by the B. thuringiensis 787 
and 926 strains cultures were higher than the control, and 
significantly higher than the reference strain Z-52. In water culture 
conditions it was showed that the bacteria strain B. thuringiensis 
787 also has plants growing activity. It was indicated in the intensity 
of transpiration, sucking power of cells and chlorophyll content in 
the leaves of plants. Due to entomopathogenic properties of B. 
thuringiensis 787 strain, the certain aspects of it's plants growing 
activity are characterize these bacteria as a promising one for using 
in agricultural production as an agent of biopesticides, which have 
a complex functions.  
 
P-3051 
Transformation of Elite Genotype of Cotton (Gossypium hirsutum L.) 
to Combat Cotton Leaf Curl Disease. SAMEENA KHATOON1, 
Abhinav Kumar2, Neera B. Sarin2, and Jawaid A. Khan1. 1Plant 
Virus Laboratory, Department of Biosciences, Jamia Millia Islamia, 
New Delhi-110025, INDIA and 2School of Life Sciences, 
Jawaharlal Nehru University, New Delhi, 110067, INDIA. Email: 
jkhan1@jmi.ac.in 
 
Cotton, an economically important crop worldwide, valued for 
textile production with about 134 million hectares under cultivation, 
is plagued by devastating Cotton leaf curl disease (CLCuD) is 
caused by Cotton leaf curl virus (CLCuV) species in association with 
betasatellite (DNA β). CLCuV, a begomovirus, is transmitted by 
whitefly (Bemisia tabaci) vector in a persistent, circulative manner. 
There is an urgent need to employ advanced and more potent 
strategies, such as the one driven by an RNAi-based approach, to 
safeguard cotton crop against CLCuD led devastation. Genetic 
engineering of cotton plant is a viable alternative for protection 
against CLCuD. However, Low transformation efficiency and 
genotype dependence are the two most limiting factors in the 
development of genetically modified cotton. Most of them are 
recalcitrant and are not amenable to genetic manipulation. The main 
aim of this study was to develop a rapid and efficient Agrobacterium 
mediated genetic transformation protocol of elite genotype of 
cotton (Gossypium hirsutum) cv. Narsimha for resistance against 
CLCuD employing RNAi approach. Intergenic region of CLCuV 
and C1 of betasatellite were manipulated to design and develop 
RNAi cassettes. Shoot tips, hypocotyls and nodal explants of 
Gossypium hirsutum were used for transformation with the designed 
RNAi cassettes, and cultured on selection medium. The regenerated 
explants were further transferred to rooting medium, hardened and 
transferred to glass house. The putative cotton transgenic plants 
were screened by PCR and the integration of the gene and their 
copy number in genome was confirmed by Southern blot analysis. 
The transgenic plants were raised in the glasshouse.  Attempts were 
made to check the level of resistance following viruliferous whitefly-
mediated inoculation of G. hirsutum plants. Preliminary results 
showed that RNAi approach holds great potential in generating 
cotton resistant against CLCuD.  
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