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The following abstracts will be included in an upcoming issue of In Vitro Cellular 
and Developmental Biology: 

ANIMAL CONTRIBUTED PAPER SESSION ABSTRACTS  
IN VITRO ANIMAL CELL SCIENCES CONTRIBUTED PAPER SESSION 
Monday, June 7, 5:15 pm – 6:30 pm 

 A-1007 Antiviral Innate Immune Responses Induced by DsRNA-Nanoparticle Complexes Inhibit 
Human Coronavirus Infections In Vitro 
Stephanie J. Dewitte-Orr, Wilfrid Laurier University, Tamiru N. Alkie, and Shawna L. Semple 

 
ANIMAL POSTER ABSTRACTS  

CELL BIOLOGY, CELL & TISSUE MODELS, AND INFECTIOUS DISEASES 
INTERACTIVE POSTER SESSION 
Tuesday, June 8, 2:15 pm – 3:15 pm 

 A-3000 Inhibition of TMA Production by (epi)catechin and Their Gut-derived Metabolites 
  Lisard Ig lesias-Carres, North Carolina State University, Lyric K. Ramsue, Gabriella P, Agnello, Kathryn 

C. Racine, and Andrew P. Neilson  
 A-3001 Impacts of Plyinosinic/Polycytidylic Acid and Novel Phytoglycogen-based Nanoparticles on 

Immune Defense Agents and Receptors in Human Models 
  Kristof Jenik, Wilfrid Laurier University, Tamiru Alkie, Megan Dutcher, Emily Moore, Jondavid Dejong, 

and Stephanie J. DeWitte-Orr  
 A-3002 2D Colonoid Transwell Model of Human Colonic Adenoma 
  Kateryna Karpoff, Caroline L. Mccarthy, The University of Michigan Medical School, Ashley J. 

Cuttitta, Margaret S. Bohm, Michael K. Dame, and Jason R. Spence 

 A-3003 An In Vitro System for Maturation and Ovulation of African Catfish Ovarian Follicles 
  Nevena Kitanović, Hungarian University of Agriculture and Life Sciences, Zoran Marinović, Quyen Ngoc 

Nguyen, Tamás Müller, Balázs Kovács, Béla Urbányi, Gergely Bernáth, and Ákos Horváth 
 A-3005 Evaluation of the Effects of Cadmium on NRK-52E, HK-2, and RPTEC Proximal Tubule 

Renal Epithelial Cells 
  Miloni Patel, Midwestern University, Kelly Keeler, Taulant Besiri, Rachel Arceneaux, Heshaam 

Latifi, Vishal Patel, Joshua R. Edwards, Walter C. Prozialeck, and Michael J. Fay 
 A-3006 Exploring DsRNAi in Human Cells as a Potential Antiviral Therapy for Coronaviruses 
  Shawna L. Semple, Wilfrid Laurier University, and Stephanie J. DeWitte-Orr 
  
 CELL AND TISSUE MODELS 
 A-3007 The Effect of Epithelial-Stromal Cross-talk on Tumor Cell Metabolism in Basal Cell Carcinoma 

Development 
  Tatiana Mendez, Tufts University School of Dental Medicine, Arietta Rigopoulos, James D. Baleja, and 

Addy Alt-Holland 
 A-3004 Effects of Oxytocin Analogs on Cellular Signaling and Neurite Outgrowth in Wild Type and 

OXTR-EGFP Murine Primary Hippocampal Culture 
  Bisini Panicker, Midwestern University, Supriya Bhuvanagiri, and Marsha L. Pierce 
  
 CELL BIOLOGY 
 A-3008 Investigation of Long dsRNA Mediated RNA Interference (RNAi) In Rainbow Trout 
  Sarah K.W. Au, Wilfrid Laurier University, and Stephanie J. DeWitte-Orr 
 A-3009 Tumorigenic Potential of Triclosan, an Antimicrobial Ingredient Found in Common Household 

Products 
  Anna A. Heath, Michigan State University, Jamie E. Liebold, Anthony B. Ketner, Lizbeth Lockwood, 

Michelle C. Schulz, and Brad L. Upham  
  



3 
 

CELLULAR AND MOLECULAR BIOLOGY 
 A-3010 EphA2 Gene Levels Are Increased in an In Vitro Model of Acquired Tamoxifen Resistance in 

Breast Cancer 
  Olivia Godnik, Midwestern University, Hena Contractor, Kelly Keeler, and Kolla Kristjansdottir 
 A-3011 Investigating the Antitumor Effects of a dsRNA-Nanoparticle Complex in an In Vitro Ovarian 

Cancer Model 
  Aaron Lewis, Wilfrid Laurier University, and Stephanie J. DeWitte-Orr  
 
 METABOLIC ENGINEERING 
 A-3012 Regulation of Fat Absorption by Peptoanaerobacter stomatis In Vivo and In Vitro  
  Luis Fred Badang, Midwestern University, Peymaun Mozaffari, Julia Moore, and Kristina Martinez-

Guryn 
 
 ONCOLOGY 
 A-3013 Arsenic Trioxide Treatment Reduces Protein Levels of Mutant A NPM1 and Induces Apoptosis 

in NLF Neuroblastoma Cells 
  Oveyaa Vignesh, Midwestern University, Kelly Keeler, and Kolla Kristjansdottir 
 
 ANIMAL SILENT ABSTRACT 
 A-3014 Heat Shock Protein 70 & Obesity Resistance: Interplay with Lipid Metabolism 
  Tori Shock, Midwestern University, Julia Moore, Matthew Pytynia, Mae Ciancio, and Kristina Martinez-

Guryn 
 
PLANT SYMPOSIUM ABSTRACT 
LEADERSHIP AND BEST PRACTICES IN COMMERCIAL LABS 
Sunday, June 6, 11:15 am – 1:15 pm 
 P-3 Leadership in New Technology Development, Assessment, and Implementation – Aligning with 

the Needs of Micropropagation Laboratories 
   Jeffrey Adelberg , Clemson University 
 
PLANT CONTRIBUTED PAPER SESSION ABSTRACTS 
PLANT BIOTECHNOLOGY CONTRIBUTED PAPER SESSION 
Monday, June 7, 5:15 pm – 6:15 pm 

P-1015 Growth and Proliferation of Green Globular Bodies in the Endangered Hawaiian Fern 
Species Asplenium fragile var. insulare 
Megan Philpott, Cincinnati Zoo & Botanical Garden’s Center for Conservation and Research of Endangered 
Wildlife (CREW), and Valerie Pence 

P-1016 Transformation of Maize Inbred Line LH244 and Creation of Targeted Large-Scale Deletions via 
Genome Editing 
N. Schleif, Wisconsin Crop Innovation Center and University of Wisconsin, F. McFarland, V. Nee Sa Lor, 
R. Collier, and H. Kaeppler 

 
PLANT POSTER ABSTRACTS 
MEDICINAL PLANTS INTERACTIVE POSTER SESSION 
Monday, June 7, 2:15 pm – 3:15 pm 
 P-3000 Optimisation of a Protocol for the Micropropagation of Italian Cannabis sativa Varieties for 

Medical Use 
  Flavia Fulvio, Council for Agricultural Research and Economics – Research Center for Cereals and Industrial 

Crops (CREA-CI), Anna Moschella, and Roberta Paris 
P-3001 Strategies for Domestication of Stevia Rebaudiana for Production in Middle Ga 

S. Samuels, Fort Valley State University, A. Chaney, C. Hicks, G. Lester, D. Sparks, and B. Biswas 
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P-3002 Investigating the Effect of Ginger [Zingiber officinale] Extract on Neuroblastoma SH-SY5Y Cell 
Line After Long-time Exposure to Morphine 
Alana Chaney, Fort Valley State University, S. Samuels, G. Lester, C. Hicks, D. Sparks, and B. Biswas  

 
IN VITRO INTERACTIVE POSTER SESSION 
Tuesday, June 8, 2:15 pm – 3:15 pm 
 P-3003 The Effect of Hyperhydricity on Endogenous Phytohormone Levels in Cycladenia humilis var. jonesii 

C. Thelen, Cincinnati Zoo & Botanical Garden, Center for Conservation and Research of Endangered Wildlife, 
V. Pence, M. Philpott, and L. Sallans 

 P-3004 Alternative Method to Keep Airborne Contaminants Out of Tissue Cultures 
John L Griffis, Jr., Florida Gulf Coast University, and Malcolm M. Manners  
 

PLANT BIOTECHNOLOGY INTERACTIVE POSTER SESSION 
Tuesday, June 8, 2:15 pm – 3:15 pm 

P-3005 Ectopic Expression of a Monothiol Glutaredoxin, AtGRXS17, Improves the Maize Yield Under 
Combined Heat and Drought Stress 
T. Tamang , Kansas State University, and S. Park  

P-3006 Assessment of Metabolically Engineered Sugarcane Plants for Elevated TAG Content and 
Phenotypic Performance 
Baskaran Kannan, University of Florida and DOE Center for Advanced Bioenergy and Bioproducts 
Innovation, Sofia Cano, Hui Liu, John Shanklin, and Fredy Altpeter 

P-3007 Regeneration of Sterile In Vitro and Ex Vitro Mature Leaf Explants of Florida Lanai (Solanum 
lycopersicum), a Candidate Tomato Cultivar for Studying Geminiviruses in Plants 
Laura Flowers, Elizabeth City State University, Dy’Monique Nellom, Gloria Payne, Jose T. Ascencio-
Ibẚñez, and Margaret Young  

P-3008 Douglas-fir LEAFY COTYLEDON (PmLEC) Rescues the Arabidopsis lec 1-1 Null Mutant and 
Induces Embryonic Programs and Embryo-like Structures in Vegetative Tissues 
Mariana A. Vetrici, University of Lethbridge, Dmytro P. Yevtushenko, and Santosh Misra 

P-3009 Targeted Expression of Bovine Myeloid Antimicrobial Peptide-18 to Potato Tubers 
Dmytro P. Yevtushenko, University of Lethbridge, and Mariana A. Vetrici 

  
 BIOTECHNOLOGY 
 P-3010 Evaluating Targeting Efficiency of CRISPR/Cas9 Under Heat and Cold-inducible Systems in 

Rice 
  Zahra Alizada , University of Arkansas, Bhuvan Pathak, Shan Zhao, Soumen Nandy, and Vibha 

Srivastava  
 P-3011 In Vitro Cultivation of Selected Strains of Stevia Rebaudiana 

Geoffrey Lester, Fort Valley State University, Bipul Biswas, Steven Samuels, Alana Chaney, Clearance 
Hicks, and Darrel Sparks  

 P-3012 Abstract has been withdrawn 
 P-3013 Investigating In Vitro Clonal Progagation of Various Tumeric Germplasms Growing at CAFST-

FVSU and Fidelity Testing of In Vitro Raised Plants Using Molecular Markers 
Darrell Sparks, Fort Valley State University, Alana Chaney, Clearance Hicks, Geoffrey Lester, Steven 
Samuels, and Bipul Biswas 

 P-3014 Plant Cells Produced Biologics for Oral Treatment of Inflammatory Bowel Disease 
  Jianfeng Xu, Arkansas State University, Wenzheng Guo, and Carmela Unnold 
 
 
 GENETIC ENGINEERING 
 P-3015 AtDREB1a Upregulates MAPK and Plant Hormone Signaling Pathways Under Cold Stress in 

Rice 
  Bhuvan Pathak, University of Arkansas. and Vibha Srivastava 
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 GENOME EDITING/GENOME ENGINEERING 
 P-3016 An Efficient Morphogenic Gene-mediated Transformation Technology for Robust Wheat 

Genome Modification 
  Kari Johnson, Corteva Agriscience, Uyen Cao Chu, Emily Wu, Ping Che, Geny Anthony, and Donglong 

Liu 
 

 

ANIMAL CONTRIBUTED PAPER 
SESSION ABSTRACT 
IN VITRO ANIMAL CELL SCIENCES 
CONTRIBUTED PAPER SESSION 
Monday, June 7, 5:15 pm – 6:30 pm 
A-1007 
Antiviral Innate Immune Responses Induced by DsRNA-
Nanoparticle Complexes Inhibit Human Coronavirus 
Infections In Vitro. STEPHANIE J. DEWITTE-ORR, 
Tamiru N. Alkie, and Shawna L. Semple. Department of 
Health Sciences, Wilfrid Laurier University, Waterloo, 
CANADA. Email: sdewitte-orr@wlu.ca 
 
Coronaviruses are RNA viruses that can cause illness in 
humans; the symptoms may range from the mild common 
cold to more severe respiratory diseases. The 2019 novel 
coronavirus, SARS-CoV-2, that causes COVID-19, is 
currently impacting human health on a global scale. In 
addition to important vaccine deployment, antiviral 
therapeutics are another piece of the puzzle to treat 
coronavirus infections. A novel antiviral therapeutic 
approach is to harness the innate antiviral immune response 
in the respiratory tract. Innate immunity is broad spectrum, 
quickly activated and exceptionally effective at inhibiting virus 
replication, particularly with a prophylactic treatment. 
Recently we have identified a nanoparticle (NP) delivery 
system for immunostimulatory molecules that can induce 
stronger innate immune responses and effectively limit virus 
replication without exacerbating inflammation. In the present 
study the efficacy of dsRNA, which induces type I interferons 
in vertebrate species, delivered by these phytoglycogen NPs 
was tested as a potential agent to limit human coronaviruses. 
We tested the anti-coronavirus properties of the dsRNA-NPs 
complex in an interferon-competent human embryonic lung 
cell line and in differentiated primary human bronchial 
tracheal epithelial cells cultured in inserts to mimic respiratory 
conditions in vivo. The results of this study indicate that 
depending on the cell type, the combination of dsRNA and 
nanoparticle could either completely block virus replication 
or suppress coronavirus replication significantly in an 
interferon dependent manner. These results suggest that 
dsRNA-nanoparticle complexes are a viable candidate for a 
novel, broad spectrum antiviral therapeutic, effective at 
limiting human coronavirus replication. 

ANIMAL POSTER ABSTRACTS 
A-3000 
Inhibition of TMA Production by (epi)catechin and Their 
Gut-derived Metabolites. LISARD IGLESIAS-CARRES, 
Lyric K. Ramsue, Gabriella P. Agnello, Kathryn C. Racine, 
and Andrew P. Neilson. Plants for Human Health Institute, 
Department of Food, Bioprocessing and Nutrition Sciences, 
North Carolina State University, Kannapolis, NC. 
Email: liglesi@ncsu.edu 
 
Choline is metabolized by gut bacteria to trimethylamine 
(TMA), which is further metabolized by the host into the pro-
atherogenic metabolite trimethylamine N-oxide (TMAO). 
There is interest in using dietary bioactives to reduce TMAO 
formation and lower atherosclerosis risk. Our objective was 
to study the potential of (epi)catechin and their microbial-
derived metabolites (MDMs) as TMA production inhibitors 
in an ex vivo-in vitro fermentation model. Choline-d9 (100 µM) 
was fermented over 12 h under anaerobic conditions at 37 °C 
and in 2 % human fecal slurry (OpenBiome). Catechin, 
epicatechin and their MDMs were individually tested at 2 mM 
(n=4). Potential cytotoxicity was evaluated by monitoring 
optical density (600 nm). TMA-d9 and choline-d9 levels were 
analyzed by UPLC-ESI-MS/MS every 2 h. Compared to 
controls, the majority of treatments reduced choline-
d9 metabolism at some time points, particularly at 8 h. While 
inhibition of TMA-d9 production by tested compounds was 
not as potent, most compounds reduced TMA-d9 
production, especially at 8h. For most compounds, those 
effects were not explained by a cytotoxic effect, suggesting 
other inhibitory mechanisms. Generally, MDMs bioactivities 
were lower than the native compounds. The non-cytotoxic 
compounds that maintained inhibition of choline-d9 use and 
production of TMA-d9 throughout the full fermentation (12 
h) were catechin, epicatechin and the MDM 3,4-
dihydroxybenzoic acid. Our results demonstrate that catechin 
and epicatechin inhibit choline-d9 utilization and its microbial 
transformation into TMA-d9. These compounds warrant 
evaluation as TMA and TMAO production inhibitors in vivo. 
 
A-3001 
Impacts of Plyinosinic/Polycytidylic Acid and Novel 
Phytoglycogen-based Nanoparticles on Immune Defense 
Agents and Receptors in Human Models. KRISTOF 
JENIK1, Tamiru Alkie1, Megan Dutcher1, Emily Moore2, 

mailto:liglesi@ncsu.eud
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Jondavid Dejong2, and Stephanie J. DeWitte-Orr1. 1Dept. of 
Biology, Wilfrid Laurier University, Waterloo, ON, 
CANADA and 2Glysantis Inc, Guelph, ON, CANADA. 
Email: kristofjenik@gmail.com 
 
Recently, there has been interest in the use of nanoparticles 
as antiviral agents as well as delivery agents for immune 
stimulants. Polyinosinic: polycytidylic acid (poly I:C) is a 
double-stranded RNA immunostimulant. Since most viruses 
produce dsRNA during their replicative cycle, the host cell 
mounts a potent immune response upon exposure. The 
current project focused on using a novel phytoglycogen 
nanoparticle (NP) as a carrier for poly I:C, to test whether it 
enhanced poly I:C’s immuno-stimulatory effects and 
protected cells from infection. The impacts of poly I:C + NP 
and free poly I:C on the cell were characterized in vitro in 
human embryonic lung (HEL 299) cells. The protective 
effects of poly I:C + NP and free poly I:C against virus 
infection were measured using an antiviral assay. HEL 299 
cells were pretreated with poly I:C + NP as well as free poly 
I:C then infected with vesicular stomatitis virus expressing 
green fluorescent protein (VSVgfp). Significantly more 
protection was measured in poly I:C+NP treated cells 
compared with poly I:C alone. HEL 299 cells stimulated with 
poly I:C + NP also expressed higher levels of interferon-beta 
(IFN-beta), C-X-C motif chemokine ligand 10 (CXCL10) and 
interferon-stimulated gene 15 (ISG15) compared to free poly 
I:C alone at 6h, 24h, 48h. The effects of poly I:C + NP at the 
protein level were also determined by immunocytochemistry. 
Thus, the use of poly I:C + NP should be further examined 
as it serves as a promising antiviral agent. 
 
A-3002 
2D Colonoid Transwell Model of Human Colonic Adenoma. 
KATERYNA KARPOFF1*, CAROLINE L. MCCART-
HY1*, Ashley J. Cuttitta1, Margaret S. Bohm1, Michael K. 
Dame1, and Jason R. Spence1,2. 1Department of Internal 
Medicine, The Division of Gastroenterology, The University 
of Michigan Medical School, Ann Arbor, MI and 
2Department of Cell and Developmental Biology, The 
University of Michigan Medical School, Ann Arbor, MI. 
*These authors contributed equally to this work. 
Email: kkarpoff@umich.edu, clmcc@umich.edu 
 
The epithelial barrier of the human colon has apical and 
basolateral membrane domains which form a tight protective 
barrier that prevents luminal contents such as microbiota 
from crossing the epithelium. When the epithelium is 
perturbed, it can form a colonic adenoma, which is a 
precancerous lesion. In order to study the colonic epithelium 
and colonic barrier function, we and others use primary 
patient derived tissue grown in 3-Dimensional (3D) organoid 

cultures and seeded on a 2-Dimensional (2D) transwell 
monolayer. Here we aimed to recapitulate a precancerous 
condition of the colon by creating 2D transwell monolayers 
from adenoma tissue (66-year-old female with variant 
mutations in APC, ATM, EP300 and MSH2). To measure 
barrier function and assess monolayer confluence, trans-
epithelial electrical resistance (TEER) was recorded, and tight 
junctions were visualized with immunofluorescence. Gene 
expression of proliferation markers was assessed using qPCR 
and compared to that of normal transwell monolayers as well 
as to adenoma and normal 3D colonoids. TEER values were 
lower in adenoma monolayers relative to values typical of 
normal monolayers, however adenoma monolayers sustained 
barrier TEER values for a longer duration. A proliferation 
marker, MKI67, was observed in the adenoma monolayer up 
to nine days after treatment with media that favors epithelial 
differentiation, in contrast to its disappearance in normal 
monolayers by days two or three. The cell adhesion marker, 
E-cadherin, was found to be disorganized and present in the 
cytoplasm of adenoma cells despite being primarily localized 
to the basolateral membrane of normal monolayers. In sum, 
our data demonstrates that monolayer transwell models of 
human adenoma manifest clinical phenotypes, including 
increased proliferation, dysregulated epithelial organization 
and reduced TEER, suggesting this is an outstanding model 
for direct functional studies associated with the onset of 
colorectal cancer. 
 
A-3003 
An In Vitro System for Maturation and Ovulation of African 
Catfish Ovarian Follicles. NEVENA KITANOVIĆ, Zoran 
Marinović, Quyen Ngoc Nguyen, Tamás Müller, Balázs 
Kovács, Béla Urbányi, Gergely Bernáth, and Ákos Horváth. 
Hungarian University of Agriculture and Life Sciences, 
Department of Aquaculture, Páter Károly u. 1, 2100 Gödöllő, 
HUNGARY. Email: nevena.n.kitanovic@gmail.com 
 
In vitro maturation (IVM) of oocytes is a reproductive 
technology that enables mature eggs to be produced ex vivo, 
without the need for prior hormonal treatment of females. In 
fish, gonadotropins and maturation-inducing hormones, such 
as 17α,20β-dihydroxy-4-pregnen-3-one (DHP), were shown 
to induce maturation of isolated ovarian follicles, although 
such follicles often did not ovulate in culture. Here we report 
successful in vitro maturation and ovulation of follicles 
isolated from African catfish, Clarias gariepinus (Burchell 
1822). Fully grown, postvitelogenic follicles were incubated in 
90% Leibovitz L-15 medium supplemented with 5% FBS, 
100 U/ml penicillin and 100 μg/ml streptomycin (pH 7.6, 285 
mmol/kg), which maintained their viability and 
responsiveness to hormones during treatments. Resumption 
of meiosis and maturation was evaluated by scoring the 
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percentage of follicles that underwent germinal vesicle 
breakdown (GVBD) and ooplasm clearing. By adding DHP 
to the culture medium, we were able to induce GVBD in a 
time-dependent manner, with the highest percentage of 
GVBD (88%) observed after 12 h. Prolonged incubation did 
not lead to ovulation. Pre-treatment and co-incubation with 
human chorionic gonadotropin, insulin-like growth factor-1 
and activin A had no discernible effect on GVBD. To 
stimulate ovulation, prostaglandins F2α (PGF2α) and 
E2 (PGE2) were added to the incubation media containing 
DHP at different time points, and the integrity of the 
follicular layer was monitored throughout. Both 
prostaglandins were able to induce ovulation in a 
concentration- and time-dependent manner, with a higher 
percentage of ovulated oocytes present in the PGF2α group 
(54%), compared to PGE2 (15%). In addition, ovulation was 
greater in groups where the PGF2α was added after oocytes 
have fully matured, which implies the stage-sensitivity of this 
process. In vitro techniques developed in this study can serve 
in aiding artificial reproduction of this, or closely related 
catfish species, as well as a useful system for studying 
oogenesis and folliculogenesis in fish. 
 
A-3004 
Effects of Oxytocin Analogs on Cellular Signaling and 
Neurite Outgrowth in Wild Type and OXTR-EGFP Murine 
Primary Hippocampal Culture. BISINI PANICKER1, 
Supriya Bhuvanagiri1, and Marsha L. Pierce2. 1Chicago 
College of Osteopathic Medicine, Midwestern University, 
Downers Grove, IL, 60515 and 2Department of 
Pharmacology, College of Graduate Studies, Midwestern 
University, Downers Grove, IL 60515. Email: 
bpanicker65@midwestern.edu, mpierc1@midwestern.edu 
 
Oxytocin (OT) and Vasopressin (VP) have various 
physiological, social, and behavioral functions in the 
peripheral and central nervous system. Perturbation in OT 
and OT receptor expression are associated with disorders 
such as autism, schizophrenia, and depression. OT has a short 
half-life and poor penetration of the blood brain barrier, and 
clinical trial results have been variable. In this study, we used 
the consensus mammalian OT, endogenous to both human 
and mouse, with a leucine in the 8th position (Leu8-OT) and 
the two analogs with a proline in the 8th position (Pro8-OT 
and Val3-Pro8-OT), which have longer half-lives. Both OT 
receptor and vasopressin 1a (V1a) receptor are expressed in 
murine hippocampi, so primary hippocampal cultures were 
generated from embryonic day 18 murine hippocampi. 
Transgenic OXTR-EGFP mice that express GFP under 
control of the OT receptor promoter were used to examine 
the effects on neuronal morphology. OXTR-EGFP cultures 
did not display GFP expression, potentially due to prenatal 

culturing. Functional assays were used to assess OTR and 
V1aR activation in wild-type primary hippocampal cultures 
by observing the fluorescence when Fluo-8 (an indicator dye) 
was bound to intracellular calcium. At 12 days in vitro, Leu8-
OT and Pro8-OT analogs displayed an increase in oscillation 
amplitude with increasing OT analog dose, which may be due 
to signaling through the V1a receptor. Further analysis with 
OT receptor and V1a receptor inhibitors will confirm 
receptor signaling pathways. Organotypic hippocampal 
cultures might provide a better model for examining neurite 
outgrowth. Overall, evaluating the effects of these analogs 
should help us gain a better understanding of their molecular 
mechanisms and guide us in developing new and effective 
therapeutic agents. 
 
A-3005 
Evaluation of the Effects of Cadmium on NRK-52E, HK-2, 
and RPTEC Proximal Tubule Renal Epithelial 
Cells.  MILONI PATEL1, Kelly Keeler1, Taulant Besiri1, 
Rachel Arceneaux1, Heshaam Latifi2, Vishal Patel1, Joshua R. 
Edwards3, Walter C. Prozialeck3, and Michael J. 
Fay3. 1Department of Biomedical Sciences, Midwestern 
University, Downers Grove, IL; 2Chicago College of 
Osteopathic Medicine, Midwestern University, Downers 
Grove, IL; and 3Department of Pharmacology, Midwestern 
University, Downers Grove IL. Email: mfayxx@mid-
western.edu, mpatel15@midwestern.edu 
 
Cadmium is an important environmental pollutant that is 
toxic to humans.  Once in the body, cadmium complexes are 
filtered at the glomerulus and reabsorbed by the proximal 
tubule renal epithelial cells.  When a critical threshold 
concentration occurs in these cells, nephrotoxicity develops. 
Although cadmium-induced nephrotoxicity has been widely 
studied, the molecular alterations that lead to kidney injury are 
not fully elucidated.  Cultured proximal tubule epithelial cells 
offer an in vitro research model to study cadmium-induced 
toxicity at the cellular and molecular levels.  The purpose of 
this study is to compare three proximal tubule epithelial cell 
lines in their responses to cadmium.  These cell lines are rat 
NRK-52E, human HK-2, and human RPTEC.  To determine 
the effect of cadmium on cell viability, the cell lines were 
exposed to cadmium (0, 1, 2.5, 5, 10, 15, 20, 25, 50, 75, 100 
µM) for 24 h.  After Cd exposure, cells were incubated with 
alamarBlueTM HS cell viability reagent for 3 h.  Cadmium 
induced a dose-dependent decrease in the viable cell number 
with IC50 values of 18.3 µM, 31.9 µM and 9.7 µM for NRK-
52E, Hk-2 and RPTEC, respectively.  We are also looking at 
cadmium-induced expression of the biomarker Kidney Injury 
Molecule-1 (KIM-1) mRNA.  Studies in the NRK-52E cell 
line indicate that Cd caused a 9.8-, 13.9- and 9.8-fold 
significant increase at 15 µM, 20 µM and 25 µM, 
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respectively.  Cadmium-induced expression of KIM-1 
mRNA in the HK-2 and RPTEC cell lines is currently under 
investigation.  These studies indicate that NRK-52E, HK-2, 
and RPTEC cell lines are responsive to the toxic effects of 
cadmium and may serve as valuable in vitro research models 
for studying the cellular/molecular alterations associated with 
cadmium nephrotoxicity.  We are currently using these cell 
lines to study the role of microRNAs in cadmium-induced 
kidney injury. 
 
A-3006 
Exploring DsRNAi in Human Cells as a Potential Antiviral 
Therapy for Coronaviruses. SHAWNA L. SEMPLE and 
Stephanie J. DeWitte-Orr. Department of Health Sciences 
and Biology, Wilfrid Laurier University, Waterloo, ON, 
CANADA. Email: ssemple@wlu.ca 
 
To oppose the persistent exposure to viruses, humans have 
evolved effective innate antiviral immune responses that are 
based on the type I interferon (IFN) system. Long double-
stranded RNA (dsRNA),  is a potent inducer of IFNs and is 
produced by almost all viruses during replication. The 
intensity of the dsRNA-induced IFN response is dependent 
on dsRNA length, but not sequence. Another dsRNA-
mediated antiviral response is the RNAi pathway. While intact 
and functioning in vertebrate cells, the role of RNAi as an 
antiviral response using long dsRNA (dsRNAi) remains 
contentious. This study provides evidence that dsRNAi is not 
only functional, but has a strong antiviral effect in IFN-
competent human fibroblasts (THF), human lung cells 
(MRC5) and human cancer cells (glioblastoma, SNB75) 
towards the rhabdovirus vesicular stomatitis virus expressing 
green fluorescent protein (VSV-GFP) and the human 
coronavirus, HCoV-229E. When both THF and SNB75 were 
pre-soaked with GFP sequence-specific long dsRNA at 
concentrations previously shown to be too low to induce 
IFN, a significant reduction in the TCID50 of VSV-GFP was 
observed when compared to the mismatched sequence 
controls. This reduction in viral titre was associated with 
length of the sequence-specific dsRNA, as knockdown was 
not observed when shorter dsRNA molecules were used. 
Additionally, soaking with GFP siRNA was unable to reduce 
VSV-GFP numbers until transfection methods were used. 
When both cell lines were pre-soaked with dsRNA containing 
VSV viral gene sequences (N and M protein), a significant 
reduction in viral titre was also observed. To confirm that this 
was not only a phenomenon of VSV-GFP, HCoV-229E was 
also examined. MRC5 were pre-soaked with viral gene 
dsRNA followed by viral infection. Though RdRp dsRNA 
did not provide protection, N, M and S protein dsRNA 
significantly reduced HCoV-229E titres. The results provide 
the first evidence that soaking with gene-specific dsRNA is 

capable of generating viral knockdown in vertebrate cells. 
Long dsRNAi is currently an untapped platform for 
developing human antiviral therapeutics. 
 
A-3007 
The Effect of Epithelial-Stromal Cross-talk on Tumor Cell 
Metabolism in Basal Cell Carcinoma Development. 
TATIANA MENDEZ1, Arietta Rigopoulos1, James D. 
Baleja2, and Addy Alt-Holland1. 1Tufts University School of 
Dental Medicine, One Kneeland Street, Boston, MA 02111 
and 2Tufts University School of Medicine, 136 Harrison 
Avenue, Boston, MA 02111. Email: tatiana.mendez@ 
tufts.edu 
 
The development of numerous skin basal cell carcinomas 
(BCC) is one of the main clinical manifestations of Gorlin 
syndrome patients. While aberrant activation of the sonic 
hedgehog pathway drives BCC development, the cross-talk 
between epidermal BCC cells and dermal fibroblasts, the 
tumor microenvironment, and reprogramming of tumor 
energy metabolism can also contribute to the growth of these 
tumors. We have shown that BCC cells and fibroblasts have 
distinct metabolic signatures when grown in individual 
cultures or in mixed BCC/fibroblast co-cultures. In the latter, 
both direct BCC-fibroblast interactions, and indirect cross-
talk between these two cell types, could affect the culture 
metabolic activity. To define the effect of the indirect cell-cell 
cross-talk on the metabolism of these cells, we established 
advanced BCC/fibroblast co-cultures in which BCC cells and 
fibroblasts were placed in separate compartments in an 
insert/tray system. This allowed for indirect cell-cell cross-
talk only between the two cell types in the same culture. Cell 
morphology was analyzed by microscopy, and metabolomics 
was used to analyze the levels of lactate, pyruvate, glutamate, 
and glutamine in individual BCC and fibroblast cultures and 
advanced BCC/fibroblast co-cultures. In all culture settings, 
BCC cells exhibited a variety of shapes and sizes, while 
fibroblasts exhibited uniform spindle morphology. When 
grown in individual cultures, fibroblasts secreted more lactate 
and glutamate, and consumed more pyruvate and glutamine 
than BCC cells. However, advanced BCC/fibroblast co-
cultures showed reduced secretion of lactate and glutamate, 
and reduced consumption of pyruvate and glutamine. This 
indicates a strong effect that BCC cells can exert on the 
metabolism of fibroblasts through indirect BCC-fibroblast 
cross-talk. In turn, the changes in the overall metabolic 
activity of the cells can create a favorable microenvironment 
to support tumor cell growth, and further contribute to 
continuous development of BCC tumors in Gorlin syndrome 
patients. 
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A-3008 
Investigation of Long dsRNA Mediated RNA Interference 
(RNAi) In Rainbow Trout. SARAH K.W. AU and Stephanie 
J. DeWitte-Orr. Department of Biology, Wilfrid Laurier 
University, Waterloo, ON, CANADA. Email: auxx5290@  
mylaurier.ca, sdewitteorr@wlu.ca  
 
RNA interference (RNAi) was first characterized in plants 
and invertebrates as an antiviral innate immune response. It 
is a natural antiviral defence mechanism to degrade viral RNA 
by virus-induced gene silencing. Studies showed synthetic 
long double-stranded RNA (dsRNA; >30bp) 
degraded Caenorhabditis elegans messenger RNA (mRNA) 
transcripts, resulting in sequence-dependent gene silencing. 
Currently, there is only limited research on RNAi in fish, 
particularly with the use of long dsRNA to trigger sequence-
specific gene silencing and prevent viral infection. This is 
because long dsRNAs trigger interferon responses and 
upregulate interferon stimulated gene (ISG) expression that 
masks gene-specific RNAi effects in vertebrates. This study 
explores long dsRNA-mediated RNAi pathways in rainbow 
trout cells from two aspects. Firstly, the optimal dsRNA 
concentration that would funnel into RNAi without 
triggering type 1 interferon responses was determined. 
Secondly, the potential of sequence-specific dsRNA to 
mediate gene silencing and protect against viral infection was 
identified. Luciferase sequence specific, long dsRNA 
(dsRNA-Luc) was able to silence induced RTG-P1 luciferase 
gene expression in the rainbow trout gonadal cell line, RTG-
P1, while a mis-match dsRNA sequence did not. Additionally, 
a dsRNA-CSV sequence was able to protect the rainbow 
trout gonadal cell line, RTG-2, against chum salmon reovirus 
(CSV) infection. Long thought non-functional in vertebrates, 
long RNAi-based strategies could be used to study rainbow 
trout gene function, develop new drugs and vaccines to 
control infectious diseases in the future. 
 
A-3009 
Tumorigenic Potential of Triclosan, an Antimicrobial 
Ingredient Found in Common Household Products. ANNA 
A. HEATH, Jamie E. Liebold, Anthony B. Ketner, Lizbeth 
Lockwood, Michelle C. Schulz, and Brad L. Upham. 
Department of Pediatrics and Human Development, 
Michigan State University, East Lansing, MI 48824. Email: 
heathann@ msu.edu 
 
Triclosan is an antimicrobial agent that was a common 
ingredient in many household products such as antibacterial 
soaps, body washes, toothpastes and some cosmetic 
products.  Recently triclosan has been implicated in adverse 
health effects such as immune suppression and liver cancer, 
and has been since banned by the Food and Drug 

Administration in 2016.  However, it remains in a multitude 
of household items and is a tremendous public health 
concern.  Considering that triclosan has been linked to liver 
cancer, there is a need to understand the underlying 
mechanisms of action.  Cancer cells have long been 
characterized as cells that lose their ability to regulate growth 
through contact inhibition and lack the ability to terminally 
differentiate, which implies a breakdown in one of the 
communicating mechanisms.  In particular, the dysregulation 
of gap junctional intercellular communication (GJIC) is one 
hallmark characteristic of cancer.  Thus, we determined the 
effects of triclosan on GJIC in a bipotent epithelial stem cell 
line derived from F344 rats.  GJIC was measured using the 
scalpel load-dye transfer assay.  Triclosan inhibited GJIC in a 
dose and time dependent manner implicating that triclosan 
can contribute to the cancer process by dysregulating 
GJIC.  Preliminary data suggests triclosan does not work 
through a mitogen-activated protein kinase pathway, and may 
work partially through a phosphatidylcholine-specific 
phospholipase C pathway. Future experiments will determine 
if natural products, such as resveratrol and quebecol, can 
mitigate the adverse effects of triclosan on GJIC. 
 
A-3010 
EphA2 Gene Levels Are Increased in an In Vitro Model of 
Acquired Tamoxifen Resistance in Breast Cancer. OLIVIA 
GODNIK, Hena Contractor, Kelly Keeler, and Kolla 
Kristjansdottir. Department of Biomedical Sciences, 
Midwestern University, Downers Grove IL 60515. 
Email: ogodnik77@midwestern.edu 
 
Breast cancer is the most common cancer in American 
women. For estrogen receptor positive breast cancer patients, 
tamoxifen is FDA approved for both treatment and 
prevention. However, long-term use of tamoxifen often 
results in acquired resistance to tamoxifen, and if this could 
be avoided, studies have shown that patients may benefit 
from longer usage. To generate tamoxifen resistant cells in 
vitro, we grew MCF-7 breast cancer cells in low levels of 
tamoxifen for over 3 months. AR-MCF7-1 and AR-MCF7-2 
cell lines were generated and one control cell line, MCF7-1, 
was generated by growing in media without tamoxifen. Next, 
using RT-qPCR, we examined expression levels of selected 
genes, estrogen receptor alpha (ESR1) and EphA2, in both 
the control and tamoxifen treated cells. ESR1 is commonly 
downregulated in tamoxifen resistant cells. Indeed, the results 
show a decreased trend of ESR1 expression in the cells grown 
long-term in tamoxifen compared to the control MCF7-1 
cells. EphA2 is a receptor tyrosine kinase found to be 
overexpressed in breast cancer. EphA2 has been shown to 
transform breast epithelial cells in vitro to display properties 
commonly associated with the development of metastasis. 

mailto:ogodnik77@midwestern.edu
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Our results show that the cells grown long-term in tamoxifen, 
AR-MCF7-1 and AR-MCF7-2, had an increase in EphA2 
expression compared to the control MCF7-1 cells. Our 
results suggest that long term exposure to tamoxifen can lead 
to gene expression changes consistent with tamoxifen 
resistance and aggressive breast cancer. 
 
A-3011 
Investigating the Antitumor Effects of a dsRNA-
Nanoparticle Complex in an In Vitro Ovarian Cancer Model. 
AARON LEWIS1 and Stephanie J. DeWitte-Orr1,2. 
1Department of Biology, Wilfrid Laurier University, 
Waterloo, CANADA and 2Department of Health Science, 
Wilfrid Laurier University, Waterloo, CANADA. Email: 
lewi6160@mylaurier.ca 
 
An estimated 1 in 75 women will be diagnosed with ovarian 
cancer in their lifetime. Despite advanced detection and 
treatment methods, it remains a silent killer with an expected 
survival rate of 50%.  A developing method in cancer 
treatment is the use of compounds that stimulate the immune 
system to aid in the body’s fight against the disease. This 
project focused on the use of double-stranded RNA 
(dsRNA), commercially available polyinosinic:polycytidylic 
acid, poly(I:C) specifically, as a potent immune stimulant to 
induce cytotoxicity in two ovarian cancer cell lines; SKOV-3 
and OVCAR-3. Some challenges exist with the delivery of 
dsRNA due to its large size and negative charge. One way to 
overcome this hurdle is the use of nanoparticles to deliver the 
dsRNA to the cell. Thus, a phytoglycogen nanoparticle (PhG) 
was used as a carrier for poly(I:C). In this study, poly(I:C) 
conjugated to PhG (polyIC-PhG) was found to induce 
significant cell death in both SKOV-3 and OVCAR-3 but not 
in healthy ovarian cell controls IOSE-386 72h post-
treatment. PolyIC-PhG induced cell death was induced at 
concentrations up to four times less than poly IC alone. 
Cisplatin is a chemotherapy drug used to treat ovarian cancer. 
PolyIC-PhG also enhanced cisplatin-induced cell death in 
SKOV-3 and OVCAR-3, with greater effect than poly IC 
alone. Next, the immunogenicity of dsRNA-induced cell 
death was investigated. At earlier time points, PolyIC-PhG 
induced cell death produced calreticulin presentation on the 
cell surface and expression of CXCL10, an innate immune 
protein, in both ovarian cancer cell lines. This data suggests 
that poly IC-PhG induces immunogenic cell death, ICD. 
Collectively this data suggests dsRNA-PhG has potential as 
an adjuvant therapy against ovarian cancer. 
 
A-3012 
Regulation of Fat Absorption by Peptoanaerobacter stomatis In 
Vivo and In Vitro. LUIS FRED BADANG, Peymaun 
Mozaffari, Julia Moore, and Kristina Martinez-Guryn. 

Department of Biomedical Science, Midwestern University 
Downers Grove, IL. Email: Lbadang44@midwestern.edu 
 
Previous work has shown that microbes derived from high 
fat (HF) diet conditions increase lipid absorption in germ free 
(GF) mice, thereby establishing a direct link between diet-
microbe interactions and host processes that lead to 
obesity. The aim of this project was to determine if mice 
inoculated with Peptoanaerobacter stomatis would increase host 
lipid absorption leading to obesity in mice fed low fat (LF) or 
HF diet. Our secondary goal was to examine if this specific 
bacterial strain induces genes involved in fat absorption in 
duodenal and jejunal intestinal organoids. It was hypothesized 
that conventional mice inoculated with P. stomatis will have an 
increase in lipid absorption regardless of the diet consumed. 
To achieve these goals, 11 week old mice were randomly 
assigned to one of four groups: a HF or LF diet control group 
or a LF or HF group supplemented with P. stomatis with an n 
= 5 per group. Mice in the LF or HF + P. stomatis groups were 
inoculated weekly with 1 x 10^8 CFUs P. stomatis and body 
weight, adiposity, plasma lipids and stool lipid content were 
measured. In addition, duodenal organoids were treated with 
10% conditioned media (CM) collected from P. stomatis and 
genes involved in lipid absorption and esterification were 
measured. Mice fed HF diet + P. stomatis did not exhibit a 
change in body weight but displayed increased retroperitoneal 
fat pad mass and total fat mass with concurrent decrease in 
fecal triglyceride (TG) levels compared to HF diet alone. 
Interestingly, mice on LF diet + P. stomatis exhibited reduced 
plasma TG levels compared to control. Therefore, the impact 
of P. stomatis appears to be dependent on the host diet. In the 
organoids it was observed that P. stomatis CM upregulated the 
gene synthesis of diacylglycerol acyltransferase (DGAT)2, 
important for TG esterification in the intestine, representing 
a possible mechanism through which P. stomatis regulates 
lipid absorption.   
 
A-3013 
Arsenic Trioxide Treatment Reduces Protein Levels of 
Mutant A NPM1 and Induces Apoptosis in NLF 
Neuroblastoma Cells. OVEYAA VIGNESH, Kelly Keeler, 
and Kolla Kristjansdottir. Department of Biomedical 
Sciences, College of Graduate Studies, Midwestern 
University, Downers Grove, IL. Email: ovignesh43@ 
midwestern.edu, kkrist@midwestern.edu 
 
Neuroblastoma is a pediatric solid tumor of the sympathetic 
nervous system. We previously found that high-risk 
neuroblastoma cells have elevated nucleophosmin-1 (NPM1) 
levels compared to low-risk cells. NPM1 is a multifunctional 
protein that is localized primarily to the nucleolus. A mutation 
of NPM1 common in acute myeloid leukemia patients, 
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mutant A, redirects the protein to the cytoplasm. AML cells 
harboring mutant A NPM1 are sensitive to arsenic trioxide 
(ATO) which induces apoptosis and targeted degradation of 
the mutant A NPM1 protein. In contrast, wild-type NPM1 is 
not degraded following treatment with ATO in AML. To 
examine whether the mutant A NPM1 is reduced in levels in 
neuroblastoma cells, we transfected NLF neuroblastoma cells 
with mutant A NPM1 or wild-type NPM1. Following 
transfection, the cells were treated with ATO and NPM1 
protein levels were analyzed via western blot. NLF cells 
treated with 1 µM - 3 µM ATO for 48 hours had decreased 
levels of mutant A NPM1 protein levels compared to vehicle 
treated cells. However, wild-type NPM1 protein levels did not 
decrease following exposure to ATO. Apoptosis levels were 
also investigated through the cleavage of PARP via western 
blot. ATO treatment of NLF cells with wild-type and mutant 
NPM1 resulted in PARP cleavage but not in the vehicle 
treated cells. We are currently examining if the reduced levels 
of mutant A NPM1 protein are due to ubiquitin-targeted 
proteasome degradation and examining the mechanism of 
apoptosis induction. 
 
A-3014 
Heat Shock Protein 70 & Obesity Resistance: Interplay with 
Lipid Metabolism. TORI SHOCK, Julia Moore, Matthew 
Pytynia, Mae Ciancio, and Kristina Martinez-Guryn. 
Biomedical Sciences Program, Midwestern University, 
Downers Grove IL. Email: tori.shock@midwestern.edu 
 
With the worldwide obesity epidemic progressively 
worsening, identification of therapeutic targets against this 
condition has become increasingly important. Recent 
unpublished studies have demonstrated diet-induced obesity 
resistance in mice with intestine-specific overexpression of 
Heat Shock Protein 70 (HSP70), which is conserved across 
eukaryotes and important for reduction of cellular stress. 
However, the mechanism behind this phenotype remains 
unclear. The goal of this research was to determine if altered 
lipid absorption is the cause of the observed obesity 
resistance. Thus, mice containing a villin-specific HSP70 
transgene (HSP70Tg mice) were fed a low fat (LF) or high fat 
(HF) diet for 12 weeks and mRNA levels of genes involved 
in fat absorption in the jejunum were measured. Separate sets 
of mice were used to collect fasting lipids and conduct 
radiolabeled lipid absorption assays using H3-labeled triolein 
(triglyceride composed of oleic acid). First, it was found that 
HSP70Tg mice displayed significantly lower LDL and total 
cholesterol levels in fasting plasma compared to non-
transgenic (Ntg) mice fed HF diet. In addition, HSP70Tg 
mice on HF diet exhibited significantly decreased gene 
expression of Dgat2, Cd36, and SCD1 compared to Ntg mice 
in the jejunum. HSP70Tg and Ntg mice were gavaged with 

H3-labeled triolein delivered in 200 ul olive oil 10 minutes 
after receiving 10% tyloxapol injection to prevent peripheral 
uptake of the ingested lipid. Plasma samples were collected at 
1, 3, 5, and 7 hours post gavage and following euthanasia, 
small intestinal mucosal scrapings from the mice were 
harvested. While there were no detectable differences in 
plasma or stool H3-triolein levels, HSP70Tg mice exhibited 
significantly reduced levels in duodenal and jejunal mucosal 
scrapings compared to Ntg mice.  Taken together, the current 
findings of this research suggest that obesity resistance in 
HSP70Tg mice may be due to altered lipid absorption and 
metabolism pathways in the small intestine, but further 
investigation is needed to establish the exact mechanisms 
involved. 
 
PLANT SYMPOSIUM ABSTRACT 
LEADERSHIP AND BEST PRACTICES IN 
COMMERCIAL LABS 
Sunday, June 6, 11:15 am – 1:15 pm 
P-3 
Leadership in New Technology Development, Assessment, 
and Implementation – Aligning with the Needs of 
Micropropagation Laboratories.  JEFFREY ADELBERG. 
Dept. of Plant and Environmental Sciences, Clemson 
University, Clemson SC.  jadlbrg@clemson.edu 

Since the 1970’s, micropropagation has been practiced 
as a batch culture - several shoots being divided every 
few weeks by removing the plants from the semi-solid 
medium and carefully cutting each shoot one-at-a-
time.  This labor-intensive practice, subculture, creates 
most of the cost of a tissue cultured plant.  A list of 
technologies designed to reduce the burden of 
subculture during the first 50 years of micropropagation 
will be reviewed, and three of these will be discussed in 
some detail during this talk.  First, liquid culture systems 
in larger vessels will be shown to allow media 
supplementation (fed-batch culture), and larger plants to 
be grown for longer periods of time, with greater 
potential value.  Second, semi-solid agar medium may be 
replaced by rigid matrices that have mechanical 
properties to enhance root growth, materials handling, 
and disease management.  Third, elongated shoot 
systems may have their apical tips removed, several 
times while the base of the plant remains rooted in the 
medium (hedging) eliminating several rounds of 
subculture.  Scientists measure the impacts of these new 
technologies by demonstrating more rapid 
multiplication or better-quality plants.  Commercial 



12 
 

laboratories also need to see a reduced labor input.  This 
talk will review a variety of projects in an academic 
program with a nod to industry service. 

PLANT CONTRIBUTED PAPER 
ABSTRACTS 
PLANT BIOTECHNOLOGY CONTRIBUTED 
PAPER SESSION 
Monday, June 7, 5:15 pm – 6:15 pm 
P-1015 
Growth and Proliferation of Green Globular Bodies in the 
Endangered Hawaiian Fern Species Asplenium fragile var. 
insulare. MEGAN PHILPOTT and Valerie Pence. Cincinnati 
Zoo & Botanical Garden’s Center for Conservation and 
Research of Endangered Wildlife (CREW), Cincinnati OH. 
Email: megan.philpott@cincinnatizoo.org 
 
Asplenium fragile var. insulare is a federally endangered fern 
found on the Hawaiian islands of Maui and Hawaii, first 
initiated into tissue culture by the Lyon Arboretum. In 
collaboration with Lyon, CREW received micropropagated 
sporophytes to develop a cryopreservation protocol for the 
conservation of the species. In culture, the species was 
observed spontaneously producing green globular bodies 
(GGBs), which were used as propagules for cryopreservation. 
CREW has now banked GGBs from seven genotypes of the 
species, with an average survival after liquid nitrogen 
exposure of 63%. In order to maximize GGB production in 
the species, an experiment was undertaken to understand the 
effects of auxin and cytokinin on the growth and proliferation 
of GGBs. Using four genotypes, we tested 13 different MS-
based media containing 0-1 mg/L 1-Naphthaleneacetic acid 
(NAA) and/or 0-1 mg/L of the cytokinins 6-
Benzylaminopurine (BAP) or Thidiazuron (TDZ). After 3 
months on the treatment medium, auxin-containing media 
were associated with significantly increased numbers of 
GGBs, while BAP-containing media were associated with 
significantly decreased numbers of GGBs. In particular, 
media containing the lower concentration of NAA (0.1 
mg/L) with or without the addition of any amount of TDZ 
or up to 0.5 mg/L BAP were associated with increased 
GGBs, with the medium containing 0.5 mg/L TDZ + 0.1 
mg/L NAA producing the highest mean number of GGBs 
(16.33). Additional tests were performed on the percentage 
growth of GGBs from months 1-3 for two of the genotypes. 
For growth, use of either cytokinin was associated with 
significantly less growth, while use of auxin had no effect. In 
particular, only the medium containing 1 mg/L BAP was 
associated with significantly lower growth, with an average 
increase in growth of only 28.82%, compared to the 189.00-
459.95% increase seen in other media. Overall, proliferation 

of GGBs is best achieved using a medium containing 0.1 
mg/L NAA with or without TDZ, while growth of those 
GGBs is best achieved using a medium without cytokinin. 
(Supported by IMLS grant #MG-30-17-0055-17). 
 
P-1016 
Transformation of Maize Inbred Line LH244 and Creation 
of Targeted Large-Scale Deletions via Genome Editing. N. 
SCHLEIF1,2, F. McFarland1,2, V. Nee Sa Lor1, R. Collier1, H. 
Kaeppler1,2. 1Wisconsin Crop Innovation Center, 8520 
University Green, Middleton, WI 53562 and 2University of 
Wisconsin, Madison, Agronomy, 1575 Linden Dr # 371, 
Madison, WI 53706. Email: nschleif2@wisc.edu 
 
An ongoing challenge in maize functional genomics research 
has been access to transformation and editing protocols that 
are efficient and work on relevant genotypes. To meet this 
challenge, a transformation and genome editing system was 
established to target maize inbred line, LH244, an elite inbred 
line of genetic/breeding significance and similar to maize 
model genotype B73. Transformation/editing vectors were 
delivered into LH244 immature embryos via Agrobacterium 
and putative transgenic/edited plants regenerated from 
resistant sectors of Type 1 embryogenic callus following 
selection for bialophos resistance. Based on molecular assays 
to confirm transgene integration and inheritance, 
transformation frequencies ranged from 1% to 4% across six 
experiments, with an average of 2.5% efficiency. Editing 
vectors in these experiments consisted of the 
ZmUbi1promoter driving rice codon-optimized Cas9 
expression and a rice Ubi2 promoter driving a polycistronic 
guide-RNA. Guides were released through a tRNA-mediated 
system and targeted several maize flowering time genes 
including DLF1, Rap2.7, LDP1, and ZMM22. Editing of 
target sequences was confirmed via PCR in the majority of 
T0 lines with deletions up to 600bp and as small as 200bp in 
size detected. Editing of T0 plants was not uniform between 
and within plants, with editing chimerism detected in some 
plants. The overall editing efficiency across experiments 
ranged from 36% to 100%, with a mean efficiency of 57%. 
These results support the successful establishment of a 
routine transformation/editing system for LH244. Research 
is underway to continue to optimize the system and further 
enhance both transformation and editing efficiencies. 
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PLANT POSTER ABSTRACTS 
P-3000 
Optimisation of a Protocol for the Micropropagation of 
Italian Cannabis sativa Varieties for Medical Use. FLAVIA 
FULVIO, Anna Moschella, and Roberta Paris. Council for 
Agricultural Research and Economics – Research Center for 
Cereals and Industrial Crops (CREA-CI), via di Corticella 
133, 40128 Bologna, ITALY. Email: flavia.fulvio@crea.gov. 
it, roberta.paris@crea.gov.it 
 
Cannabis sativa L. is a plant with many applications, many of 
them still not completely explored. Its wealth of bioactive 
metabolites (cannabinoids, terpenes and flavonoids), which 
accumulate mostly in female inflorescence, is undeniable. 
Among cannabinoids, unique biomolecules characterizing 
the Cannabis genus, the main compounds are ∆9-
tetrahydrocannabinol (∆9-THC, known for its psycho-active 
properties) and cannabidiol (CBD, a non-psychoactive 
compound used to treat epilepsy in children), which 
proportion in plants contributes in defining the chemotype of 
the different genotypes. Two genetic lines, CIN-RO and 
CIN-BOL, have been produced and are maintained at 
Council for Agricultural Research and Economics – Research 
Center for Cereals and Industrial Crops (CREA-CI) in 
Rovigo, an internationally renowned centre for the genetic 
improvement of industrial and medical hemp. Their THC and 
CBD contents are known, as in Bediol-type (THC: CBD 1:1) 
and Bedrocan-type (high THC) drugs, and they are suitable 
for medical use. Medicinal Cannabis plants are maintained 
exclusively by agamic propagation. A limited number of 
plants (mother plants) are kept constantly in full vegetative 
development and free from contamination (environmental 
and pathogenic) in order to guarantee the supply for eventual 
production on a larger scale. In the framework of increasing 
need for Cannabis-based medicines, a micropropagation 
protocol has been optimised from the know-how of CREA-
CI and from the available bibliography, concerning the 
different in vitro propagation phases: (1) choice of the primary 
explant to be vitro-cultured, (2) explant multiplication, (3) 
shoot rooting, (4) seedling acclimatisation. 
 
P-3001 
Strategies for Domestication of Stevia Rebaudiana for 
Production in Middle Ga. S. SAMUELS, A. Chaney, C. 
Hicks, G. Lester, D. Sparks, and B. Biswas. Specialty Plants 
Research Group, College of Agriculture Family Sciences and 
Technology, Fort Valley State University, 1005 State 
University Drive, Fort Valley, GA 31030.  Email: 
steven.samuels@fvsu.edu, biswasb@fvsu.edu 
 
Stevia Rebaudiana a member of the composite family, native to 
Paraguay has been used throughout the world since ancient 

times for various purposes such as a sweetener and as a 
medicinal plant. Stevia leaves produce many high-potency 
low-calorie sweeteners whose functional and sensory 
properties are superior to other high-potency sweeteners. 
Stevia glycosides range between 30 and 400 times sweeter 
than sugar but have no caloric value, and therefore have a 
high consumer interest, yet most production remains outside 
the U.S. With favorable climate and existing agriculture 
infrastructure, the southeastern US is an ideal region for 
producing high quality Stevia that would benefit diabetic 
patients, many interested in lowering caloric intake and 
children. However, there are several challenges facing 
growers: a lack of varieties for domestic production 
conditions, optimized production practices such as planting 
density, fertilization, and weed and disease control. It is our 
goal to provide economic enrichment to growers by 
maximizing biomass and glycoside yields by developing best 
management practices for production of stevia crops and 
management of weed, insect, and disease pests.  After year 
two harvest we have seen an increase in biomass in 
cow/fungicide as well as both neem concentrations when 
paired with fungicide as compared to local soils. 
Intercropping data suggest there is potential for increased 
farm revenue as intercropped stevia production is 
comparable in both fresh and dry weight as to open field 
cultivated stevia. Development of a sustainable stevia 
industry will also aide in expanding a market for steviol 
glycoside-containing foods and beverages.   
 
P-3002 
Investigating the Effect of Ginger [Zingiber officinale] Extract 
on Neuroblastoma SH-SY5Y Cell Line After Long-time 
Exposure to Morphine. CHANEY ALANA, S. Samuels, G. 
Lester, C. Hicks, D. Sparks, and B. Biswas. College of 
Agriculture, Family Sciences, and Technology; Department 
of Agricultural Research, MS Biotechnology Program, Fort 
Valley State University, Fort Valley, 31030. Email: 
achaney7@wildcat.fvsu.edu, steven.samuels@fvsu.edu, and 
biswasb@fvsu.edu 
 
Opioids, often prescribed to counteract pain, can cause 
patients treated with these drugs to experience an undesirable 
side effect of physical dependence. Since the opioid crisis has 
become an increasingly polarized issue, anti-addictive 
solutions are vital for helping patients in need of pain 
management therapies. Studies conducted in animal models 
have shown that extractions made from Ginger contain anti-
addictive properties against opioid usage behavior. Through 
proteomic analysis, addiction behaviors have been linked to 
changes in multiple neural processes. The mechanisms 
between anti-addictive properties of ginger and changes in 
neural processes are due to protein degradation caused by 
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prolonged Morphine usage. To these ends, ginger will first be 
cultivated at Fort Valley State University. Growing conditions 
will be developed to define optimal cultivation practices in 
Georgia, yielding plants that will be analyzed for high 
concentrations of the secondary metabolites: 6-gingerol and 
6-shogaol. Quality of cultivars yielded will be confirmed 
through HPLC, after aqueous and chemical extraction by 
ethyl acetate. Crude extract [ginger] will first be tested in 
concentrations for cytotoxicity through flow cytometry on 
human lung cell line WI-38. Cell viability will be determined 
through Trypan blue exclusion. Final appropriate 
concentration can then be used directly with SH-SY5Y 
neuroblastoma cell line that stably overexpresses the µ-opioid 
receptor, allowing them to be more sensitive to the effects of 
opioid usage. Long-term results can prove both the feasibility 
of ginger as an anti-addictive treatment for patients utilizing 
opioid-based pain management therapies, as well as a 
medicinal grade cash crop to small farmers in the southeast 
region.   
 
P-3003 
The Effect of Hyperhydricity on Endogenous Phytohormone 
Levels in Cycladenia humilis var. jonesii. C. THELEN1, V. 
Pence1, M. Philpott1, and L. Sallans2. 1Cincinnati Zoo & 
Botanical Garden, Center for Conservation and Research of 
Endangered Wildlife, 3400 Vine Street, Cincinnati, OH 45220 
and 2University of Cincinnati, Department of Chemistry, 413 
Rieveschel Hall, Cincinnati, OH 45221. Email: 
thelenclaire1@gmail.com 
 
In vitro propagation is vital to cultivating species which cannot 
be stored in seed banks. In such cases, maintaining normal 
growth is necessary for long term propagation. 
Hyperhydricity is a physiological disorder that occurs in in 
vitro cultures in plants. Hyperhydricity can be reversed by 
reducing humidity in the culture’s environment (such as 
venting caps on culture tubes) and by reducing certain 
exogenous hormones in growth media, since hormones have 
been closely correlated to hyperhydricity. The endangered 
species Cycladenia humulis var jonesii must be maintained in 
tubes with ventilated caps to prevent this harmful phenotype. 
However, no studies have been performed to measure 
endogenous hormone levels of normal and 
hyperhydric Cycladenia. Hormone extractions were performed 
on both normal and hyperhydric Cycladenia, which were both 
grown on DKW medium with 0.5 mg/L benzylaminopurine 
(BAP), and those extractions were quantified with LC-MS to 
compare levels of four cytokinins: 2-isopentenyladenine (2iP), 
BAP, kinetin, and zeatin. Hyperhydric Cycladenia tissues 
exhibited higher levels of the cytokinins 2ip, BAP, and kinetin 
than normal tissues (1044.5±13.2, 273.7±2.6, and 151.9±94.7 
versus 562.0±96.7, 185.8±22.5, and 21.6±5.5 nmol/g dry 

tissue, respectively) while exhibiting lower levels of zeatin 
(0.36±0.03 versus 5.39±1.89 nmol/g dry tissue, respectively). 
This suggests that hyperhydricity is correlated to endogenous 
hormone levels in this species. We especially saw this with 
BAP: while both tissue types received the same amount of 
BAP, internal levels were significantly higher in hyperhydric 
tissues. These results support previous research that states 
cytokinins are involved in hyperhydricity. 
 
P-3004 
Alternative Method to Keep Airborne Contaminants Out of 
Tissue Cultures. JOHN L GRIFFIS, JR1 and Malcolm M. 
Manners2. 1Department of Ecology and Environmental 
Studies, Florida Gulf Coast University, Ft. Myers, FL 
and 2Citrus & Horticultural Science Department, Florida 
Southern College, Lakeland, FL. Email: jgriffis@fgcu.edu 
 
Academic research laboratories and smaller commercial labs 
often have to place plant tissue cultures in areas where the 
room environment cannot be carefully controlled. In our lab, 
lighted culture shelves share a room with two laminar flow 
transfer hoods, two growth chambers, and an A/C unit for 
the entire building, so temperature and air movement cannot 
be controlled separately.  To reduce the chance of airborne 
contamination, we have wrapped Nescofilm or Parafilm to 
seal the caps on each test tube (TT) or Baby Food Jar 
(BFJ).  It is a time-consuming process to apply it and to 
remove it at every reflasking.  Ethylene may also build up in 
the sealed containers.  An inexpensive alternative is to use 
large 13” x 18” 2 Mil zip-lock bags (Uline) that will 
accommodate a rack of 40 TTs or a tray of 12 to 15 
BFJs.  Containers with medium are autoclaved and allowed to 
cool in the laminar flow hood.  The rack or tray filled with 
containers is inserted into the bag in the laminar flow hood 
and the bag is zipped, so only sterile air is in the bag.  To test 
the efficacy of this method, contamination rates of TTs and 
BFJs on lighted shelves were compared, with 30 TTs and 18 
BFJs unwrapped; the same number of containers were sealed 
with Nescofilm, and the same number were placed in zip-lock 
bags.  A fourth group was sealed with Nescofilm and then 
placed into the zip-lock bags.  Temperature changes and 
environmental differences between treatments were 
monitored with HOBOs (Onset). None of the containers 
were opened during the experiment and the experiment was 
repeated two more times.  After 60 days on the lighted 
shelves, none of the TTs or BFJs in zip-lock bags were 
contaminated, whereas 10.5% of the unwrapped cultures 
were contaminated, and 8.3% of the cultures sealed with 
Nescofilm were contaminated.  It is concluded that the zip-
lock bags provide as good or better protection from airborne 
contamination than does Nescofilm wrapping for TTs or 
BFJs.  The zip-lock bags are cost effective and they save a 
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great deal of labor.  Ethylene buildup in cultures may also be 
reduced. 
 
P-3005 
Ectopic Expression of a Monothiol glutaredoxin, 
AtGRXS17, Improves the Maize Yield Under Combined 
Heat and Drought Stress. T. TAMANG and S. Park. Kansas 
State University, Department of Horticulture and Natural 
Resources, Manhattan, KS 66506. Email: tejman@ksu.edu 
 
Arabidopsis monothiol glutaredoxin, AtGRXS17, has been 
demonstrated to improve abiotic stress tolerance at the 
vegetative stages. However, the effect 
of AtGRXS17 expression on stress tolerance at the 
reproductive stage and the overall yield are unknown. In this 
study, we imposed a combined heat and drought (HTD) 
stress in AtGRS17-expressing and Wild-type (WT) maize 
lines for 3 days and compared the effect of HTD stress at 
Silking (R1) stage. We found that AtGRXS17-expressing 
maize lines displayed improved kernel set than WT under 
HTD stress at the R1 stage. Overall, AtGRXS17-expressing 
maize lines enhanced yield by 95% when plants were 
subjected to HTD stress. The H2O2 content increased by 
80% in WT when compared to AtGRXS17-expressing maize 
lines under HTD stress, indicating that the WT plants are 
more stressed than transgenic maize lines. Stomatal 
conductance analysis showed that stomatal closure occurred 
early in the WT maize plants under HTD stress. Additionally, 
the expression of heat shock factors and heat shock proteins 
was upregulated in AtGRXS17-expressing maize lines under 
HTD stress. These results indicate that the ectopic expression 
of AtGRXS17 in maize protects the plants from combined 
heat and drought stresses and improves the overall maize 
yield. 
 
P-3006 
Assessment of Metabolically Engineered Sugarcane Plants for 
Elevated TAG Content and Phenotypic Performance. 
BASKARAN KANNAN1,2, Sofia Cano1,2, Hui Liu1,3, John 
Shanklin1,3, and Fredy Altpeter1,2. 1Agronomy Department, 
University of Florida, Gainesville, FL; 2DOE Center for 
Advanced Bioenergy and Bioproducts Innovation; 
and 3Biology Department, Brookhaven National Laboratory, 
Upton, NY. Email: kbaskaran@ufl.edu, altpeter@ufl.edu 
 
Metabolic engineering to divert carbon flux from sucrose to 
oil in a high biomass crop like sugarcane has been proposed 
as a 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. However, vegetative plant tissues do not 
accumulate oil to a significant amount since fatty acid 

synthesis in these tissues serves primarily membrane 
construction, in addition TAGs undergo rapid turnover. 
Therefore, our objectives include metabolic engineering to (1) 
increase fatty acid synthesis, (2) increase TAG synthesis from 
diacyl-glycerol and acyl-CoA, (3) optimize TAG storage and 
(4) minimize TAG hydrolysis in vegetative tissues. We will 
report on the field performance of transgenic sugarcane 
harboring a multigene expression/suppression construct 
supporting the hyperaccumulation of lipids in vegetative 
biomass. Following in vitro propagation, plants were 
transplanted to soil under greenhouse conditions and 
transferred to replicated field plots under USDA-APHIS 
permit for the assessment of transgene expression, target 
gene suppression, TAG and biomass accumulation. 
 
P-3007 
Regeneration of Sterile In Vitro and Ex Vitro Mature Leaf 
Explants of Florida Lanai (Solanum lycopersicum), a Candidate 
Tomato Cultivar for Studying Geminiviruses in Plants. 
LAURA FLOWERS1, Dy’Monique Nellom¹, Gloria Payne¹, 
Jose T. Ascencio-Ibẚñez², and Margaret Young¹. 
¹Department of Natural Sciences, Elizabeth City State 
University, Elizabeth City, NC and ²Department of Molecular 
and Structural Biochemistry, North Carolina State University, 
Raleigh, NC.  Email: mmyoung2@ecsu.edu 
 
Tomato (Solanum lycopersicum) is ranked the second highest 
horticultural crop in production. Florida Lanai is a tomato 
cultivar we propose as an alternative system to Micro-Tom 
for geminivirus studies.  The goal of this experiment was to 
develop a plant regeneration protocol from leaf explants of 
Florida Lanai (in vitro versus ex vitro mature leaves). This is 
one of the first steps in developing it as a model 
system.  Florida Lanai seeds were surface sterilized and 
germinated on a hormone free MS medium. Four-week-old 
sterile leaves were cut and transferred to shoot induction 
medium.   Mature leaves from ex vitro grown plants were also 
surface sterilized.  After 2 weeks in culture, meristemoids 
were observed on the in vitro leaves versus 4 weeks from ex 
vitro leaves.  After 6 to 8 weeks, shoots were produced from 
64% of the in vitro leaf explants and 45% from ex 
vitro explants. The mean number of shoots per in vitro explant 
was 2.7 compared to 6.4 per ex vitro explant.  Plants 
acclimatized from both sets of sterile leaves will be compared 
with those grown from seeds, for any genetic variation. 
 
P-3008 
Douglas-fir LEAFY COTYLEDON1 (PmLEC1) Rescues 
the Arabidopsis lec1-1 Null Mutant and Induces Embryonic 
Programs and Embryo-like Structures in Vegetative Tissues 
MARIANA A. VETRICI1,2, Dmytro P. Yevtushenko1 and 
Santosh Misra2. 1University of Lethbridge, Department of 
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Biological Sciences, 4401 University Drive, Lethbridge, AB, 
T1K 3M4, CANADA and 2University of Victoria, 
Department of Biochemistry and Microbiology, and Centre 
for Forest Biology, PO Box 1700 STN CSC, Victoria, BC, 
V8W 2Y2, CANADA. Email: mariana.vetrici@uleth.ca 
 
Douglas-fir is one of the world’s most economically 
important lumber species due to its desirable wood qualities 
and ability to resist biotic and abiotic stresses. Somatic 
embryogenesis (SE) is a promising method for mass 
propagation of superior genotypes to regenerate forests, meet 
renewable energy targets and satisfy wood demands. 
However, many conifers are recalcitrant to SE induction and 
the genes and molecular events responsible for conifer 
embryogenesis are largely unknown. In Arabidopsis, 
the LEAFY COTYLEDON1 (AtLEC1) gene has been 
defined as a master regulator of embryogenesis and its ectopic 
expression in the lec1-1 null mutant led to the induction of 
embryonic programs in vegetative tissues and the 
spontaneous appearance somatic embryos on transgenic 
plants. The lec1-1 null mutant is an Arabidopsis genotype in 
which the LEC1 gene is deleted. It is embryo-lethal because 
it produces desiccation-intolerant, non-viable seeds. We 
previously isolated the Douglas-fir PmLEC1 gene and 
characterized its expression, protein distribution and 
inducibility by plant growth regulators and stress treatments. 
The aim of this study was to elucidate the function 
of PmLEC1 via its ectopic expression in the lec1-1 null 
mutant. We show that the PmLEC1 transgene complemented 
the null mutant, led to the production of viable seeds and was 
stably maintained in the second transgenic generation, T2. 
The lec1-1PmLEC1 T2 plants displayed diverse phenotypes 
ranging from normal characteristics of wild type Arabidopsis 
to seedlings with recurrent, embryo-like structures on 
vegetative tissues. The embryo-like seedlings accumulated 
transcripts of embryo-specific genes, oleosin and cruciferin. 
PmLEC1 protein expression appeared to correlate with 
embryo-like phenotype. These results suggest 
that PmLEC1 function is similar to AtLEC1, and that 
PmLEC1 may facilitate SE induction in Douglas-fir. 
 
P-3009 
Targeted Expression of Bovine Myeloid Antimicrobial 
Peptide-18 to Potato Tubers. DMYTRO P. 
YEVTUSHENKO and Mariana A. Vetrici. Department of 
Biological Sciences, University of Lethbridge, Lethbridge, 
Alberta, CANADA. Email: dmytro.yevtushenko@uleth.ca 
 
A modified bovine myeloid antimicrobial peptide, BMAP-18 
belongs to the cathelicidin family of host defence peptides 
(HDPs), which are evolutionarily conserved and widely 
distributed components of the innate immune system that 

display a broad spectrum of activities against pathogenic 
bacteria, fungi, parasites, and enveloped viruses. Compared 
with the BMAP-27 parental peptide, BMAP-18 confers 
reduced toxicity to mammalian cells while maintaining strong 
inhibitory activities against human and plant pathogens. 
Additionally, BMAP-18 has strong anti-parasitic activity 
against trypanosomes and Leishmania in vitro, which makes 
this HDP a promising candidate for evaluation of its 
therapeutic properties in vivo. The aim of the present study 
was to express the BMAP-18 coding sequence in transgenic 
potato plants, particularly in tubers. We hypothesize that the 
powerful antimicrobial activity of BMAP-18 in potato tubers 
will enhance host resistance against Fusarium dry rot, a 
devastating postharvest disease caused by several species 
of Fusarium. The ectopic accumulation of BMAP-18 in potato 
storage organs also presents a unique opportunity to 
investigate its potential as a therapeutic for a variety of 
infectious diseases. Comparative analyses of the 
spatiotemporal activities of different promoters in potato 
plants, using a β-glucuronidase (GUS) reporter gene system, 
have previously shown that the promoter of luminal binding 
protein from Douglas-fir (BiP Pro1-1 promoter) exhibits high 
activity in tubers. In the present study, a plant-optimized 
nucleotide sequence encoding BMAP-18 and 
transcriptionally fused to the BiP Pro1-1promoter was 
introduced into potato plants (cv. Desiree) via Agrobacterium-
mediated transformation. The presence of the BMAP-
18 transgene in plants regenerated on selection medium was 
confirmed by PCR. All transgenic lines were transferred to a 
greenhouse and grown to maturity to generate 
tubers. Experiments to verify the presence and functionality 
of the plant-produced BMAP-18 peptide are currently 
underway. 
 
P-3010 
Evaluating Targeting Efficiency of CRISPR/Cas9 Under 
Heat and Cold-inducible Systems in Rice. ZAHRA 
ALIZADA1,2, Bhuvan Pathak2, Shan Zhao2, Soumen Nandy2, 
and Vibha Srivastava1, 2. 1Cell and Molecular Biology Program 
and 2Crop, Soil and Environmental Sciences Department, 
University of Arkansas, Fayetteville, AR. Email: 
Zalizada@uark.edu 
 
Targeted mutagenesis by CRISPR/Cas9 with reduced off-
target effects is an important aspect of genome editing. In the 
current study, we compared the targeting efficiency of Cas9 
expressed under constitutive (Ubi::Cas9), cold-shock 
(AtRD29a::Cas9), or heat-shock (HS::Cas9) promoter on 
Target of Rapamycin (TOR) gene. The TOR gene is known 
to regulate various anabolic processes such as cell cycle, 
ribosome biogenesis, and photosynthesis. We targeted the 
HEAT repeat regions (sg1) and kinase domain regions (sg2) 
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of the gene. In Ubi::Cas9, 21 primary transgenics (T0) plants 
representing 9 lines were analyzed for the targeted mutations. 
The sg1 site was WT, while monoallelic or biallelic mutations 
were observed in 4 plants representing 3 lines in the sg2 site. 
The 33 T1 plants studied from three T0 plants, showed that 
22 (66%) T1 inherited the mutations at sg2; but no de-
novo mutations in the sg1 site were observed. In HS::Cas9 and 
AtRD29a::Cas9 lines, none of the 40 T0 plants which 
represents 17 lines exhibited mutations at the room-
temperature in either sg1 or sg2. The expression analysis of a 
subset of these lines, showed 2-11x and 2-43x induced 
transcript levels of Cas9 in HS::Cas9 and AtRD29a::Cas9 lines 
respectively, indicating a proper regulation of the Cas9. The 
analysis of heat- or cold-induced mutations in these lines will 
be performed in the T1 progeny. 
 
P-3011 
In Vitro Cultivation of Selected Strains of Stevia Rebaudiana. 
GEOFFREY LESTER, Bipul Biswas, Steven Samuels, Alana 
Chaney, Clearance Hicks, and Darrel Sparks.  College of 
Agriculture, Family Sciences and Technology Specialty Crop 
and Plant Lab, Fort Valley State University, Fort Valley, GA 
31030; and College of Biotechnology. Email: 
Glester2@wildcat.fvsu.edu 
 
Stevia rebaudiana is a member of the Asteraceae family and is 
native to Paraguay. The leaves of stevia produce a secondary 
metabolite known as diterpene glycosides, which is 100 to 400 
times sweeter than traditional table sugar. Industry is in need 
of a crop of genetically homogenous Stevia that can produce 
optimal amounts of Stevia Glycosides. This need can be 
answered through the use of different in vitro propagation 
techniques. The aim of these experiments are, to establish a 
series of in vitro protocols to cultivate stevia in the laboratory. 
Established explants will be screened with the aim to select 
for a strain of stevia that is optimal for the Georgia Climate. In 
vitro propagation techniques such as Shoot Induction, Root 
Induction will be developed for mass production of Stevia 
culture. Callus induction and somatic embryogenesis 
induction, also callus regeneration are being developed. 
Currently experiments in surface sterilization has been 
performed to initiate the process of in vitro studies. It was 
found that a 75-minute wash in 1000 ml of Deionized water, 
5 ml of dish soap and 10ml of Funigione followed by a wash 
in a 8% bleach for 8 minutes was best for sterilization of 
greenhouse grown stevia. Experiments in shoot induction 
and callus induction are currently underway. Successful 
Development of protocols for the production of a desirable 
stevia germplasm offer the possibility of other research 
possibilities. The development of this research is to will open 
the door to other opportunities or genetic improvement of 
plants. 

P-3013 
Investigating In Vitro Clonal Progagation of Various Tumeric 
Germplasms Growing at CAFST-FVSU and Fidelity Testing 
of In Vitro Raised Plants Using Molecular Markers. 
DARRELL SPARKS, Alana Chaney, Clearance Hicks, 
Geoffrey Lester, Steven Samuels, and Bipul Biswas. College 
of Agriculture, Family Sciences and Technology Specialty 
Crop and Plant Lab, Fort Valley State University, Fort Valley, 
GA 31030 and College of Biotechnology. Email: 
dsparks1@wildcat.fvsu.edu 
 
Turmeric Curcuma Longa a member of the Zingiberaceae 
family and native to Southeast Asia has been used in Indian 
culture for more than 4,000 years. Turmeric plants are mainly 
cultivated for its rhizomes, which possess anti-inflammatory 
properties and other medicinal uses. India is the largest 
producer and exporter of turmeric in the world. In contrast, 
the U.S. only produces turmeric in California, Hawaii and 
Oregon, but others like Georgia has favorable climate and 
temperature to support a successful turmeric industry. 
Georgia only has 5 months of cold weather making it an ideal 
place to grow turmeric. Turmeric has been shown to increase 
testosterone levels in men, helps with Alzheimer’s, and can 
prevent heart disease and more. The supply for turmeric in 
Georgia is low, and there is great genetic variety. Tissue 
culture has shown great results in mass clonal propagation 
and genetic improvement of corn, soybean, and peanut. Our 
goal to establish turmeric in culture and identify clones for 
medicinal and culinary uses. Currently, turmeric clonal 
propagation through rhizomes from various sources are 
being established and tested for genetic fidelity of in 
vitro raised turmeric germplasms using molecular markers. 
Plants are being taken from the hydroponic systems, area 
grocery stores and farmers markets. In order to establish in 
vitro cultures we will produce a surface sterilization protocol. 
Following sub culturing, we will initiate shoot induction, 
followed by root induction to create in vitro plantlets. Plantlets 
will be compared to mother plants for evaluation of clonal 
fidelity. The clones will then be taken outside to the green 
house to get acclimated ex vitro. Different turmeric 
germplasms from grocery stores, farmers markets, 
greenhouse hydroponic systems and different farm plots will 
be established in culture, and analyzed for genetic stability and 
ideal economic traits. The impact will be able to produce 
clones without the DNA being altered, which would help 
produce specific turmeric that will help the supply of turmeric 
for medical and culinary uses. 
 
P-3014 
Plant Cells Produced Biologics for Oral Treatment of 
Inflammatory Bowel Disease. JIANFENG XU1, Wenzheng 
Guo1 and Carmela Unnold2. 1Arkansas Biosciences Institute 
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and 2Department of Biological Sciences, Arkansas State 
University, Jonesboro, AR 72401. Email: jxu@astate.edu 
 
Inflammatory bowel disease (IBD) represents a group of 
intestinal disorders that cause prolonged inflammation of the 
digestive tract. The current therapeutic strategies, including 
the conventional anti-inflammatory medications and the new 
biologic drugs targeting the pro-inflammatory cytokine tumor 
necrosis factor alpha (TNFα), have limited therapeutic 
efficacy and adverse drug reactions resulted from systemic 
administration. Colon-targeted oral delivery of anti-TNFα 
agents is highly desirable for the treatment of IBD. Plant cell 
culture has emerged as a safe and cost-effective 
bioproduction platform for therapeutic proteins. A unique 
feature of the plant cells is that they could serve not only as 
the “bio-factory,” but also the oral delivery vehicle for 
recombinant biologics. This project aims to leverage a unique 
posttranslational modification – “glycosyl-
phosphatidylinositol (GPI) anchor”– to strategically design 
and engineer novel anti-TNFα biomolecules in plant cells to 
develop a new class of oral biologic drugs for the treatment 
of IBD. Specifically, a TNFα inhibitor consisting of a human 
TNFα receptor (TNFR) fused with the Fc domain of a 
human IgG1 and a C-terminal GPI anchor (TNFR-Fc-GPI) 
is designed and expressed in tobacco BY-2 cells. The GPI 
anchor facilitates intracellular trafficking of the TNFR-Fc 
protein, and more importantly, immobilizes the protein at the 
plasma membrane, just like the protein surface display in 
microbial cells. This stabilizes the recombinant protein during 
bioproduction and oral administration processes and creates 
a high local concentration of the protein therapeutics after 
release in colon. The protection, drug release and bioactivity 
of the plant cell-capsulated TNFR-Fc in gastrointestinal tract 
are investigated in vitro in simulated gastric fluids and 
simulated intestinal fluids. The therapeutic effectiveness of 
the orally administrated designer anti-TNFα biologic in 
mitigating the IBD symptom is assessed in a dextran sulfate 
sodium (DSS)-induced colitis mouse model. 
 
P-3015 
AtDREB1a Upregulates MAPK and Plant Hormone 
Signaling Pathways Under Cold Stress in Rice. BHUVAN 
PATHAK and Vibha Srivastava. Crop, Soil, and 
Environmental Sciences Department, University of Arkansas 
Division of Agriculture, University of Arkansas, Fayetteville, 
AR 72701. Email: bppathak@uark.edu 
  
Transgenic expression of Arabidopsis DREB1a is known to 
provide tolerance to abiotic stresses in diverse plant species 
including potato, chrysanthemum, rice, tobacco and peanuts. 
In this study, a comparative transcriptomic analysis for the 
cold stress of zero degree, and stress assays for salinity and 

drought was performed on the genetically engineered Taipei 
309 rice lines expressing AtDREB1a under 
the AtRD29a promoter that is induced by abiotic stresses. 
These lines showed higher tolerance to 100 mM salinity and 
25-40% water stress compared to their non-stressed controls 
without any morphological defects. To understand the 
genetic mechanisms underlying stress-tolerance associated 
with DREB1a expression, 10 days old seedlings of the single- 
copy transgenic lines were subjected to transcriptomic 
analysis on cold-induced and non-induced samples. The gene 
expression analysis by real time PCR showed 30-40 fold 
induction of AtDREB1a transcripts compared to the 
controls. The analysis revealed 2069 and 290 differentially 
expressed genes (DEGs) in the cold stress and controls, 
respectively, in comparison to the non-transgenic controls, 
indicating higher upregulation of DREB1a-targets under cold 
stress. Out of 2069 DEGs in the cold stress, 682 were 
upregulated and 1387 were downregulated. The gene set 
enrichment (GSEA) and KEGG analysis of the upregulated 
DEGs showed their involvement in MAPK and Plant 
Hormone signaling pathways in response to the cold 
stress.  In the MAPK signaling pathways, DEGs were 
involved in the pathogen infection/attack and 
salt/drought/osmotic stress. In Plant Hormone signaling 
pathways, DEGs were involved in cysteine and methionine 
metabolism, carotenoid biosynthesis, alpha-linolenic acid 
metabolism and phenylalanine metabolism. The downstream 
target genes of AtDREB1a in the rice genome, their DRE 
elemental analysis, and their experimental verification are 
being currently studied. This indicates that rice responds to 
the cold stress of zero degree through similar pathways, as has 
been observed in other cold studies of 4°C-12°C stress. 
 
P-3016 
An Efficient Morphogenic Gene-mediated Transformation 
Technology for Robust Wheat Genome Modification. KARI 
JOHNSON, Uyen Cao Chu, Emily Wu, Ping Che, Geny 
Anthony, and Donglong Liu. Corteva Agriscience. Johnston, 
IA. Email: kari.johnson@corteva.com 
 
Wheat is a staple crop around the world but engineering its 
genome has historically been challenging due to its polyploid 
nature. Robust transformation technologies coupled with 
efficient gene editing is essential for accelerated breeding and 
development of superior varieties. The use of morphogenic 
regulator genes has been widely reported in maize to increase 
transformation efficiency, reduce genotype dependency and 
decrease the time required to regenerate plants. Using the 
morphogenic regulator genes, Baby boom and Wuschel, we have 
developed an Agrobacterium-mediated transformation system 
using immature embryo explants. This method works 
efficiently across multiple genotypes, yielding transformation 
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efficiencies in the range of 70-100% in 45-50 days, compared 
to 10-15% transformation efficiency in 70-85 days using the 
conventional transformation method. Several common, 
tedious practices of transformation, including pre-culturing 
of embryos, excision of the immature embryo axis, and 
promoting callus growth are not required in this method. 
With minimal modification to the protocol, we have 
demonstrated the recovery of high-quality transgenic events 
using a variety of herbicide (Phosphinothricin, 

Ethametsulfuron) and antibiotic (Kanamycin, G418)-based 
selections. Across the selection systems, 20-25% of the 
transformants had single copy insertions of the transgene and 
were devoid of vector backbone. Further, optional heat-
shock induced, Cre-Lox-mediated excision removed the 
morphogenic regulator genes and the selectable marker 
during the regeneration process, thereby yielding marker-free 
T0 plant events.
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