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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 A New Cell Line Repository to Accelerate Cultivated Meat and Seafood Research 
  Claire Bomkamp, The Good Food Institute, Catherine J. Walsh, Andrea M. Tarnecki, Nicole R. Rhody, 

Kevan L. Main, Jen Lamy, and Liz Specht 
  
 CELL AND TISSUE MODELS 
 A-3001 Low-level Mouse DNA in L-cell Conditioned Media Generates False Positive Cross-species 

Contamination Results in Human Organoid Culture 
  Margaret S. Bohm , The University of Michigan Medical School, Joseph Boyd, Caroline L. McCarthy, 

Kateryna Karpoff, Ashley J. Cuttitta, Durga Attili, Angeline Wu, Nina C. van der Velde, Kevin Su, Michael 
K. Dame, Vi Chu, Justin A. Colacino, and Jason R. Spence    

 A-3002 Primary Human Colonoid Derived Transwell Monolayers Maintain Long-term Proliferation and 
Differentiation 

  Ashley J. Cuttitta , The University of Michigan Medical School, Margaret S. Bohm, Kateryna Karpoff, 
Caroline L. McCarthy, Jason R. Spence, and Michael K. Dame 

 A-3003 Improving Translatability of an In Vitro Model for Studying Hypertonic Dextrose Induced 
Cartilage Regeneration 
Elisha D. Johnston, Palos Verdes Peninsula High School, and John Tyburski 

 A-3004 All-Trans Retinoic Acid Treatment of Neuroblastoma Cells Reduces Protein Levels of Mutated 
NPM1. Joel J. Vargeese, Midwestern University, Kelly R. Keeler, and Kolla Kristjansdottir 

  
 CELLULAR AND MOLECULAR BIOLOGY 
 A-3005 Effect of Free Fatty Acids on KIM-1 Expression in the 769-P Renal Cell Carcinoma Cell Line 
  Srikar Muppidi, Morehouse School of Medicine 
 
PLANT POSTER ABSTRACTS 
 BIOTECHNOLOGY 
 P-3000 Characterization of the ERECTA Gene as QTL for Tolerance to Environmental Stresses 
  Y. V. Berchembrock, University of Arkansas, V. Srivastava, F. B. S. Botelho, and S. Zhao 
 P-3001 Expression of the Mutant ERECTA and Phenotypic Correlation in Soybean 
  Yasmin Berchembrock, University of Arkansas, Vibha Srivastava, and Flavia Botelho 

 P-3002 Adjuvant Properties of Plant Virus Particles with Different Shape 
  Ekaterina Evtushenko, Lomonosov Moscow State University, Ekaterina Ryabchevskaya, Joseph 

Atabekov, Nikolai Nikitin, and Olga Karpova 
 P-3003 Micrografted Tomato Plants Improve the Response to Fusarium oxysporum f. sp. lycopersici   
  Dora J. García-Jaramillo, Universidad de Caldas Colombia, Silvia P. López-Zapata, Santiago 

Bustamante-Granada, María Camila Zuluaga-Naranjo, Manuela Robledo-Gómez, Oswaldo Murillo-Ramírez., 
Jairo Castaño-Zapara, Nelson Ceballos-Aguirre, Walter R. López, and Lucía Atehortúa-Garcés 

 P-3004 Genome Edited BdVDAC Gene Enable to Inhibit GA Pathway in Germination Stage 
  Sang Yong Park, Kongju National University, Woo Joo Jung, Jin Seok Yoon, and Jae Yoon Kim 
 P-3005 A Novel Plant Virus Platform for Biotechnology 
  Tatyana Manukhova, Lomonosov Moscow State University, Ekaterina Evtushenko, Nikolai Nikitin, and 

Olga Karpova 
 P-3006 Production and Molecular Characterization of New Lemon Hybrids 
  Ahmad A. Omar, University of Florida, Elahe Ahadi Dolatsara, Azza H. Mohamed, and Jude W. 

Grosser 
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 P-3013 PVX-based Vector as a Candidate for in Vitro Transient Gene Expression and for Large-scale 
Production of Recombinant Proteins in Plants 

  Yana Sindarovska , Institute of Cell Biology and Genetic Engineering 
 
 GENETIC ENGINEERING 
 P-3007 Transformation Services from Corteva Agriscience 
  Geny Anthony, Corteva Agriscience, Ajit Nott, Uyen Cao Chu, Deping Xu and Todd Jones 
 P-3008 Using CRISPR-Cas9 to Produce Cyanide-free Cassava 
  Baljeet K. Gill,  University of California, Berkeley, Jessica B. Lyons, Michael A. Gomez, Anthony T. 

Iavarone, Jessica M. Ma, Kodiak C. Berkoff,  Stacia K. Wyman,  Elaine Zhang, Nigel J. Taylor, Myeong-Je 
Cho, Brian J. Staskawicz, and Daniel S. Rokhsar 

 P-3009 Developing a CRISPR/Cas9 Genome Editing Transformation Protocol for Eucalyptus 
  Adelina Trifonova , SweTree Technologies, Manfred Lindmark, Linus Möller, Verena Fleig, Anna 

Karlberg, and Anastasia Matrosova 
  
 GROWTH 
 P-3010 Gamma Radiation Impact on Seed Germination and In Vitro Shoot Regeneration of Tomato 

(Solanum lycopersicum L.) Ramsi Landrace 
  Hussain A. Alwael, King Faisal University, Turki S. Alkhuraiji, Poornananda M. Naik, and Jameel M. 

Al-Khayri 
 
 METABOLIC ENGINEERING 
 P-3011 RNAi-based Approach to Assess the Role of Prenylated Stilbenoids Against Abiotic Stress in 

Peanut 
  Gaurav Gajurel, Arkansas State University, and Fabricio Medina-Bolivar 
 
 PLANT SILENT ABSTRACT 
 P-3012 “Difficult-to-express” Coat Protein from Plant Cucumovirus Is Capable of Forming Virus-like 

Particles in E. coli Cells 
  P. A. Ivanov, Lomonosov Moscow State University, T. V. Gasanova, and E. V. Skurat 
 

 

ANIMAL POSTER ABSTRACTS 
A-3000 
A New Cell Line Repository to Accelerate Cultivated 
Meat and Seafood Research. CLAIRE BOMKAMP1, 
Catherine J. Walsh2, Andrea M. Tarnecki2, Nicole R. 
Rhody2, Kevan L. Main2, Jen Lamy1, and Liz Specht1. 
1The Good Food Institute, Arlington, VA and 2Mote 
Marine Laboratory, Sarasota, FL Email: claireb@gfi.org 
 
Cultivated meat (also called cultured, cell-based, or clean 
meat) is meat grown directly from isolated animal cells. 
This technology has the potential for substantial 
environmental, animal welfare, and global food security 
benefits, but requires more research in order to become 
feasible at the scales needed to realize these benefits. A 
lack of easily-accessible and well-characterized cell lines 
is a serious bottleneck in the field of cultivated meat. 
Most existing cell lines are derived from common model 

organisms, but cell lines from a diverse selection of food 
species are needed. Because cell lines are a necessary tool 
for virtually all experiments in the field, each research 
group has to solve the problem of acquiring a suitable 
cell line before they can make further advances. This is 
particularly true when it comes to aquatic species. In 
response, we have launched a cell line repository focused 
on species and cell types likely to be useful for 
researchers attempting to advance the science of 
cultivated meat. The structure of the repository balances 
flexibility for cell line owners (e.g. the ability to choose 
whether a given cell line is available to for-profit 
companies as well as non-profit and academic 
institutions) with a simple and easy to understand 
structure for those interested in ordering cell lines. At 
Mote Marine Laboratory, collaborators are successfully 
collecting viable embryonic cells from red drum 
(Sciaenops ocellatus) broodstock at Mote’s Aquaculture 
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Research Park. These cells have been put into culture 
with the overall goal of developing a continuous 
embryonic cell line from red drum. We are currently 
optimizing isolation and media protocols to enhance cell 
replication and growth. We hope that the cell line 
repository will serve as a valuable resource that will allow 
for more rapid progress in bringing cultivated meat 
closer to the point where it can serve as a sustainable and 
delicious food source for the world’s population. 
 
A-3001 
Low-level Mouse DNA in L-cell Conditioned Media 
Generates False Positive Cross-species Contamination 
Results in Human Organoid Cultures. MARGARET S. 
BOHM1, Joseph Boyd4, Caroline L. McCarthy1, 
Kateryna Karpoff1, Ashley J. Cuttitta1, Durga Attili2, 
Angeline Wu1, Nina C. van der Velde1, Kevin Su4, 
Michael K. Dame1, Vi Chu4, Justin A. Colacino3, and 
Jason R. Spence1,2. 1Department of Internal Medicine, 
Division of Gastroenterology, The University of 
Michigan Medical School, 109 Zina Pitcher Place, Ann 
Arbor, MI 48109; 2Department of Cell and 
Developmental Biology, The University of Michigan 
Medical School, 109 Zina Pitcher Place, Ann Arbor, MI 
48109; 3Department of Environmental Health Sciences, 
The University of Michigan School of Public Health, 
1415 Washington Heights, Ann Arbor, MI 48109; 
and 4EMD Millipore Corporation, 80 Ashby Road, 
Bedford, MA. Email: bohmms@med.umich.edu 
 
Murine (mouse) L-cells, modified to release essential 
stem cell support factors, are commercially available and 
widely used in the production of conditioned media 
(CM) to maintain gastrointestinal organoid cultures. 
One such line, L-WRN, produces WNT3A, R-
SPONDIN3, and NOGGIN. During CM preparation, 
media is harvested from confluent monolayers each day 
for up to 12 days; as such, large numbers of cells are 
sloughed off into the media, inevitably lysing prior to 
removal. Theoretically, this could lead to the release of 
intracellular proteins and nucleic acids into the CM. As 
human enteroid cell lines are routinely screened in 
authentication assays aimed at identifying cross-species 
contamination, products from lysed murine cells could 
lead to false-positive contamination results. As reported 
here, low levels of free mouse DNA in L-WRN CM can 
confound a PCR-based contamination assay. A mouse-
specific marker, V1rh10, was used to identify 

contaminating mouse DNA in L-WRN CM. Presence 
of V1rh10 was confirmed in CM as well as human 
organoid cultures grown in both L-WRN CM and a 
commercially available organoid medium. In addition, 
DNA isolated from L-WRN CM significantly matched 
the L-cell signature by STR analysis. Finally, human 
organoids were grown in CM, analyzed by bulk RNA-
sequencing, and alignments to the mouse and human 
genome were carried out. Organoid lines that were 
positive for murine DNA by PCR did not show evidence 
of mouse-specific gene expression (mRNA), indicating 
the absence of viable cells capable of producing mRNA. 
We interpret our data to show conclusive evidence that 
mouse cell-derived CM can be a source of DNA 
detected in human organoid cultures, even though live, 
transcriptionally active murine cells are not present. This 
information further suggests that multiple methods 
should be utilized to authenticate cell lines and urges cautious 
interpretation of cell line authentication results. 
 
A-3002 
Primary Human Colonoid Derived Transwell Monolayers 
Maintain Long-term Proliferation and Differentiation. 
ASHLEY J. CUTTITTA1, Margaret S. Bohm1, Kateryna 
Karpoff1, Caroline L. McCarthy1, Jason R. Spence1,2, and 
Michael K. Dame1. 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. Email: aarchamb@med.umich.edu 
 
The luminal surface of the intestine is composed of a single 
layer of polarized epithelial cells that protects the mucosal 
interstitium from luminal contents via the formation of a tight 
epithelial barrier along with contributing specialized cell 
types, such as mucus secreting goblet cells. Cell turnover is 
rapid, requiring stem cells at the base of the crypts to 
proliferate and regenerate the epithelium every 3-5 days. A 
variety of models, including patient-derived 3-dimensional 
(3D) organoids (e.g. enteroids or colonoids), have been used 
to model the human intestinal epithelium in vitro; however, 
access to the lumen and the apical epithelial surface in 3D 
organoids is technically challenging, limiting their utility. 
Therefore, efforts have been made to generate 2-dimensional 
(2D) in vitro transwell models of polarized intestinal 
epithelium. Typical 2D epithelial monolayers are terminally 
differentiated and persist only 2-4 days in culture after 
reaching a confluent state. Here we report the development 
of a long-term human colonic 2D transwell model that retains 
a proliferating cell population, an organized and differentiated 
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epithelium possessing goblet cells, and transepithelial 
electrical resistance values indicating robust barrier function 
for up to 30 days. This long-term 2D human colon model 
recapitulates the complexities of the human colonic 
epithelium, permits longer-term experiments in a more 
physiologic setting, and altogether has the potential to 
improve the interrogation of the colonic mucosa in vitro. 
 
A-3003 
Improving Translatability of an In Vitro Model for Studying 
Hypertonic Dextrose Induced Cartilage Regeneration. 
ELISHA D.  JOHNSTON1 and John Tyburski2. 1 Palos 
Verdes Peninsula High School, 27118 Silver Spur Rd, Rolling 
Hills Estates, CA 90274 and 2 Nelson Scientific Labs LLC 
44790 Maynard SQ, Ashburn, VA 20147. Email: 
elisha.johnston.usa@gmail.com 
 
The established in vitro model for studying the effectiveness 
of hypertonic dextrose (HD) proliferative therapy in 
regenerating cartilage utilizes a hyperglycemic media 
formulation that is approximately six times higher than 
normoglycemic conditions. Cells maintained in high glucose 
conditions may respond differently than cells maintained in 
normoglycemic conditions. Elevated glucose levels in media 
may confound in vitro research results on HD and therefore 
suboptimal for translating results to a clinical setting. We 
present a normoglycemic in vitro model that more closely 
mimics mammalian joint space with a glucose concentration 
within the normal range of both humans and mice. We used 
light microscopy to show murine MC3T3-E1 and ATDC5 
cells cultured in normoglycemic media exhibit fibroblastic 
morphology consistent with hyperglycemic culture media. 
Using hemocytometer counts, we further showed MC3T3-E1 
and ATDC5 cells cultured in normoglycemic media had 
doubling times comparable to published doubling times for 
MC3T3-E1 and ATDC5 cells cultured in hyperglycemic 
media. Observing cells over time for several weeks, we found 
differentiation at confluency for MC3T3-E1 (exhibiting an 
osteoblastic phenotype) and ATDC5 (exhibiting a 
chondrocyte-like phenotype) in normoglycemic models 
consistent with published reports in hyperglycemic 
conditions. Normal morphology was reestablished after each 
passage. Our normoglycemic model increases the 
translatability from basic science research to clinical 
investigations into the effectiveness of proliferative therapy 
for reducing pain by regenerating cartilage. 
 
A-3004 
All-Trans Retinoic Acid Treatment of Neuroblastoma Cells 
Reduces Protein Levels of Mutated NPM1. JOEL J. 
VARGEESE, Kelly R. Keeler, and Kolla Kristjans-
dottir. Midwestern University, Department of Biomedical 

Sciences, 555 31st Street, Downers Grove, IL 60515. 
Email: jvargeese99@midwestern.edu 
 
Neuroblastoma is a solid tumor originating from neural crest 
cells of the sympathetic nervous system. This cancer is most 
common in children under the age of 5. A high-risk form of 
neuroblastoma is associated with low 5-year survival rates 
with few targeted therapies. In a previous study, we found 
Nucleophosmin 1 (NPM1) to be elevated in cell lines from 
high-risk patients. The role of NPM1 in neuroblastoma is not 
known. In other cancers, including acute myeloid leukemia 
(AML) and colon cancer, NPM1 is commonly found to be 
mutated or elevated. The most common mutant, mutant A, 
has an altered C-terminal domain, which shifts the balance of 
the nuclear-cytoplasmic shuttling, resulting in cytoplasmic 
localization. In AML, expression of the NPM1-mutant A 
increased the sensitivity of cells to all-trans-retinoic acid 
(ATRA). In the study, the levels of NPM1 mutant A protein 
were reduced in quantity after treatment with ATRA. 
Although ATRA is commonly used to treat neuroblastoma, 
whether ATRA treatment affects protein levels of the NPM1 
mutant A in neuroblastoma cells is not known. To study this, 
we transiently expressed a GFP-tagged NPM1 mutant A in 
neuroblastoma cells.  The cells were treated with 1 or 10 μM 
ATRA for 24, 48, and 72 hours. The cells were harvested and 
Western Blots performed using anti-GFP and anti-actin 
antibodies. Protein levels were quantified using ImageJ. A 
decrease was observed in mutant A NPM1 protein levels after 
72 hours of treatment with 10 μM ATRA. Actin was used as 
a control. We are currently exploring whether the reduced 
protein levels of the NPM1 mutant are due to proteasomal 
degradation and whether this affects the sensitivity of 
neuroblastoma cells to ATRA. 
 
A-3005 
Effect of Free Fatty Acids on KIM-1 Expression in the 769-
P Renal Cell Carcinoma Cell Line. SRIKAR MUPPIDI. 
Department of Physiology, Morehouse School of Medicine, 
720 Westview Drive SW, Atlanta GA 30310. Email: 
srikarsm@gmail.com 
 
The role of fatty acids in the progression of cancer is not as 
well understood as it is for other diseases, such as 
cardiovascular disease or diabetes. The goal of this research is 
to determine whether an association exists between fatty acids 
and the progression of renal cell carcinoma, the most 
common type of kidney cancer in adults. Kidney injury 
molecule-1 (KIM-1) is a type I transmembrane glycoprotein 
that is rapidly upregulated following various types of injury to 
the kidney. KIM-1 expression is increased not only in kidney 
injury, but also in renal cell carcinoma. It may even play an 
important role in the carcinoma process. In this study, we 



6 
 

investigated the effect of free fatty acids (FFAs) on KIM-1 
expression in the 769-P cell line, a human renal cell carcinoma 
cell line. Western blot analysis indicated that treatment with 
oleic acid, an unsaturated FFA, resulted in the 
downregulation of KIM-1 in 769-P cells. In contrast, higher 
concentrations of palmitic acid, a saturated FFA, slightly 
increased the levels of the KIM-1 protein. In addition, there 
was also a slight increase in the phosphorylation of signal 
transducer and activator of transcription 3 (STAT3) signaling 
in 769-P cells treated with palmitic acid for 24 hours. Taken 
together, our data demonstrate that KIM-1 expression was 
differentially regulated by unsaturated versus saturated FFAs 
in the 769-P renal cancer cell line. This suggests that renal cell 
carcinoma progression could possibly be reduced through a 
more favorable composition of free fatty acids in the blood. 
 
 
PLANT POSTER ABSTRACTS 
P-3000 
Characterization of the ERECTA Gene as QTL for 
Tolerance to Environmental Stresses. Y. V. BERCHEM-
BROCK1,2, V. Srivastava1, F. B. S. Botelho1,2, and S. 
Zhao1. 1University of Arkansas, Department of Crop, Soil, 
and Environmental Science, Fayetteville, AR and 2Federal 
University of Lavras, Department of Agriculture, Lavras, 
BRAZIL. Email: yavasques@yahoo.com.br, vibhas@ 
uark.edu  
 
Finding new sources for tolerance to abiotic stresses, mainly 
water deficit or heat is important to avoid losses in grain 
productivity, especially in rice producing countries. Validating 
abiotic stress tolerance in the field is difficult due to low 
heritability of the trait. Studies show that rice lines with higher 
expression of ERECTA gene have a better tolerance to the 
negative effects of the environment through mechanisms that 
involve improved transpiration efficiency. In this study, the 
objective was to identify and characterize ERECTA gene as 
an important QTL for tolerance to environmental stresses in 
Arkansas rice cultivars. According to the phenology of the 
rice plant, the stages that precede the flowering are considered 
crucial for the reduction of grain sterility, generated by the 
water deficit, therefore, to study the expression of the 
ERECTA gene in the R2 stages (panicle inside stem), R3 
(early flowering) and R4 (flowering) is essential. The 
expression of the ERECTA orthologs of Oryza sativa, 
Os06g0203800 (OsER1), Os02g0777400 (OsER2), and 
Os06g0130100 (OsER3) was analyzed using the qPCR 
technique in four rice lines, Diamond and RoyJ classified as 
cultivars with good grain quality and heat tolerance during 
flowering stages, Starbonnet as /medium quality, and ZH733 
as low quality in multiple environments. In the mean of the 

lines, the phenological development stage R2 showed the 
highest expression of the OsER1, OsER2 and OsER3 genes, 
followed by R4 and R3. The genotypes with higher grain 
quality were found to have higher expression levels of 
ERECTA genes (OsER1, OsER2 and OsER3) in R2 and R4 
stages,  the opposite was observed in cultivars with medium 
or low grain quality, in which the greatest expression of the 
ERECTA genes occurred at R3 stage. These results suggest 
that, possibly, the expression patterns of the ERECTA genes 
underlie stress tolerance, contributing to grains with better 
quality in multiple environments, and in principle, ER genes 
could be used as important QTLs for stress tolerance. 
 
P-3001 
Expression of the Mutant ERECTA and Phenotypic 
Correlation in Soybean. YASMIN BERCHEMBROCK1,2, 
Vibha Srivastava1, and Flavia Botelho1,2. 1University of 
Arkansas, Department of Crop, Soil, and Environmental 
Science, Fayetteville, AR and 2Federal University of Lavras, 
Department of Agriculture, Lavras, BRAZIL. Email: 
yavasques@yahoo.com.br, vibhas@uark.edu  
 
With the advent of global warming and, consequently, water 
deficit, the development of soybean cultivars tolerant of water 
shortage, is important for sustainability of grain production. 
The genetic improvement via biotechnology helps to obtain 
genotypes tolerant to different environmental stresses. The 
ERECTA gene, a protein kinase receptor, proved to be 
important in the efficiency of transpiration and stomatal 
density, highlighting its potential in tolerating water stress. In 
this study, transgenic T1 soybean plants, expressing a 
dominant-negative Arabidopsis ERECTA mutant (ΔER) 
gene, were grown in a greenhouse and evaluated 
phenotypically for grain yield (YLD, kg.ha-1), number of 
grains per pod (GP), weight of dry matter of the shoot 
(WDM) and weight of one hundred grains (100G). The ΔER 
gene expression in the trifoliate leaves of R5 stage plants was 
quantified, using the RT-qPCR technique, in order to 
calculate Pearson's linear correlation between gene expression 
estimates with phenotypic characteristics. The correlations 
were significant (P < 0.05) for all traits, with the values of -
0.80 (YLD), -0.72 (GP), -0.67 (100G) and -0.43 (WDM). The 
results infer an inverse relationship with high magnitude 
between the expression of the mutant gene and the 
phenotype, indicating, in principle, a possible interference of 
ΔER in the favorable agronomic characteristics of soybean. 
However, it is noteworthy that, some plants were found that 
associated the expression of the ΔER gene with good 
phenotypic characteristics, a fact that is critical for selecting 
plants that associate with good expression of the potential 
genes for drought tolerance and agronomic performance. 
This study points out the importance of plant phenotyping, 
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in order to verify the effect of the mutant ER gene on 
phenotypic characteristics and evaluating the application of 
biotechnology from lab to field. 
 
P-3002 
Adjuvant Properties of Plant Virus Particles with Different 
Shape. EKATERINA EVTUSHENKO, Ekaterina 
Ryabchevskaya, Joseph Atabekov, Nikolai Nikitin, and Olga 
Karpova. Department of Virology, Lomonosov Moscow 
State University, 1-12 Leninskie gory, 119234, Moscow, 
RUSSIA. Email: trifonova@ mail.bio.msu.ru 
 
There is mounting evidence that plant viruses and their 
structurally modified particles may have an 
immunopotentiating effect on antigens without any 
additional adjuvants. Here we report data on the adjuvant 
properties of plant virus particles with various shapes. We 
used two helical RNA plant viruses, rod-like tobacco mosaic 
virus (TMV) and filamentous potato virus X (PVX). RNA-
free spherical particles (SPs) generated by thermal remodeling 
of TMV were applied as a potential adjuvant, which 
immunostimulating properties were shown previously 
(Trifonova et al., 2017). As a model antigen we selected 
ovalbumin (OVA) (42.7 kDa). Four groups of CD1 mice 
(n=6) were immunized at days 0, 15, 29 and 43 by 
subcutaneous route with OVA (5μg) or OVA-plant 
viruses/SPs compositions (5μg of OVA+100 μg of 
TMV/PVX/SPs). The control group (n=5) was immunized 
with phosphate buffered saline. TMV and SPs demonstrated 
good adjuvant properties and increased anti-OVA total IgG 
titers in 8.7 and 15.4 times respectively in comparison with 
OVA alone. However, no differences in IgG titers between 
mice immunized with individual OVA or composition of 
OVA+PVX were revealed. Thus, our data do not reveal any 
clear influence of plant virus particles shape on the humoral 
immune response to the model antigen as well as the presence 
or absence of RNA. Some intriguing data were obtained when 
analyzing the immune response to the plant viruses/SPs 
themselves. The strong immunity was induced to PVX, 
whereas TMV and SPs stimulated considerably lower self-
IgG titers. Our results provide new insights on the 
immunopotentiating properties of plant viruses and can be 
useful in devising adjuvants based on plant viruses. Funding: 
RSF grant №18-14-00044 (SPs obtaining and study), the RF 
President grant №075-15-2019-188. 
 
P-3003 
Micrografted Tomato Plants Improve the Response to 
Fusarium oxysporum f. sp. Lycopersici. DORA J. GARCÍA-
JARAMILLO1, Silvia P. López-Zapata1, Santiago 
Bustamante-Granada1, María Camila Zuluaga-Naranjo1, 
Manuela Robledo-Gómez1, Oswaldo Murillo-Ramírez1, Jairo 

Castaño-Zapara1, Nelson Ceballos-Aguirre1, Walter R. 
López2, and Lucía Atehortúa-Garcés3. 1Department of 
Agricultural Production, Agricultural Sciences Graduate 
School, Universidad de Caldas, COLOMBIA; 2Department 
of Physics and Chemistry, Faculty of Natural Sciences, 
Universidad Nacional de Colombia sede Manizales, 
Manizales, Caldas, COLOMBIA; and 3Universidad de 
Antioquia, Medellín, Antioquia, COLOMBIA. Email: 
doraj.garcia@ucaldas.edu.co  
 
Tomato, Solanum lycopersicum L., is an important vegetable, 
and it is grown in most countries. Colombian tomato 
production, under protected conditions, is noteworthy to the 
agricultural sector. However, since production requires a high 
amount of agro-inputs, approximately 50% of these are used 
for control of pathogens causing Fusarium wilt disease with a 
production loss of up to 80%.  This study combines 
micropropagation and micrografting techniques to produce 
tomato micrografted plants integrating Cherry´s tomato wild 
plants as rootstocks and commercially valuable tomatoes as 
scions. Ten tomato genotypes were micropropagated as a 
source for the production of rootstocks and scions. Nine 
types of micrografted tomato plants were produced and 32 
combinations were evaluated, including autografts, 
heterografts, and non-grafts. Among them, 16 were 
inoculated with Fol and the remaining 16 were used as 
controls (not inoculated). The plants were successfully 
acclimatized and transferred to the field under semi-protected 
conditions. The susceptible genotype Santa Clara (SC) 
showed vascular damage, an infection incidence of 75%, 
which turned on a significant decrease in 57% of yield.  In 
contrast, the heterografts identify as 391/CAR and 412/CAR 
plants did not show symptoms. The biodiversity and 
micrografting technique could be considered as a strategy for 
the production of soil pathogen-tolerant tomato plants as part 
of integrated crop management. However, for growers 
interested in adopting this technique, the incorporation of an 
automated system for large scale production is necessary, in 
order to decrease high labor costs and improve the low return 
per plant.  
 
P-3004 
Genome Edited BdVDAC Gene Enable to Inhibit GA 
Pathway in Germination Stage. SANG YONG PARK1, Woo 
Joo Jung2, Jin Seok Yoon2, and Jae Yoon Kim1. 1Department 
of Plant Resources, Kongju National University, Yesan, 
Chungnam, REPUBLIC OF KOREA and 2Department of 
Biosystem and Biotechnology, Korea University, Seongbuk-
Gu, Seoul, REPUBLIC OF KOREA. Email: 
jaeyoonkim@kongju.ac.kr 
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Anion channel is one kind of the membrane transporters and 
ubiquitously distributed in plant membrane. The voltage-
dependent anion channels (VDACs) are found on the outer 
mitochondrial membrane of all organisms. In this study, we 
isolated TaVDAC gene by transcriptome analysis under pre-
harvest sprouting (PHS) treatment as down-regulated 
transcript in Korean wheat. To identify the physiological 
mechanism under PHS stress, we conducted on generating 
targeted mutagenesis plants using CRISPR/Cas9 technology 
in model plant. The single guide RNA (sgRNA) was designed 
targeting to the third exon region of VDAC gene of 
Brachypodium by PCR-based procedures to generate sgRNA 
expression cassettes and then it was assembled into the binary 
CRISPR/Cas9 vector by ligation method. The CRISPR-
Cas9-VDAC vector were then transformed into immature 
callus by agrobacterium-mediated transformation method. 
Six mutant plants were identified from 13 T0 transgenic 
plants. Transgenic plants revealed various insertion mutations 
(ranged from 1 to 4 bp) at the target site. Transgenic T1 plants 
were screened using High Resolution Melting (HRM) curve 
analysis. HRM analyses showed clear difference between the 
WT and T1 transgenic templates in target sites. The hormone 
medium test was conducted on Brachypodium. In normal 
medium conditions, WT germinated vigorously, but genome 
edited lines germinated hardly. However, both WT and 
genome edited lines were not distinguished a germination 
strength in GA contained medium. Additionally, genome 
edited lines never germinated on PAC contained medium. 
The expression profiles for GA synthesis pathway, KS1 were 
antagonistically expressed in WT and BdVDAC edited lines. 
It is expected that the VDAC gene affected the endogenous 
GA and the association between the VDAC and the GA 
pathway genes. This work was carried out with the support of 
"Cooperative Research Program for Agriculture Science and Technology 
Development (Project No. PJ014823)" Rural Development 
Administration, Republic of Korea. 
 
P-3005 
A Novel Plant Virus Platform for Biotechnology. 
TATYANA MANUKHOVA, Ekaterina Evtushenko, 
Nikolai Nikitin, and Olga Karpova. Department of Virology, 
Lomonosov Moscow State University, 1-12 Leninskie gory, 
119234, Moscow, RUSSIA. Email: tanyafedorova0411 
@gmail.com 
 
Plant viruses are exceptionally attractive and versatile tool for 
biotechnology because of their biosafety for mammals and 
humans. We have been intensively studying properties of the 
structurally modified particles (SPs) formed by helical plant 
viruses thermal remodeling (Atabekov et al., 2011; Karpova 
et al., 2012; Nikitin et al., 2016; Trifonova et al., 2017). In the 
present work we have demonstrated that spherical particles 

(SPs) generated by Althernantera mosaic virus (AltMV) 
thermal remodeling could be used as a promising platform 
for various biotechnological purposes. We have established 
that AltMV SPs forms complexes with target proteins by non-
covalent adsorption in vitro. Furthermore we studied AltMV 
SPs amino and thiol groups reactivity with Fluorescein 
isothiocyanate and 5-(N-Maleimido)-fluorescein diacetate. 
According to the results of fluorescence microscopy and 
SDS-PAGE electrophoresis with further visualization in UV-
light the fluorophore molecules were successfully 
incorporated into the AltMV SPs. This fact confirms that 
reactive dyes specifically labeled amines and thiols of AltMV 
SPs. Thus we proved the possibility of  bioconjugation 
reactions targeted to lysine and cysteine amino acid residues 
in AltMV SPs. AltMV SPs complexes with target substances 
(antigens, enzymes, fluorophores and other molecules) can be 
applied in molecular medicine, biocontrasting, diognostics 
and vaccines development. The work was funded by RFBR 
grant №20-34-70023. 
 
P-3006 
Production and Molecular Characterization of New Lemon 
Hybrids. AHMAD A. OMAR1,2, Elahe Ahadi Dolatsara1, 
Azza H. Mohamed1,3, and Jude W. Grosser1. 1University of 
Florida, IFAS, Citrus Research and Education Center, 700 
Experiment Station Rd, Lake Alfred, FL 33850; 2Zagazig 
University, College of Agriculture, Biochemistry Department, 
Zagazig 44511, EGYPT; and 3Mansoura University, College 
of Agriculture, Biochemistry Department, Mansoura, 
EGYPT. Email: Omar71@ufl.edu 
 
Somatic hybridization (protoplast fusion) has become an 
essential part of citrus breeding programs worldwide that 
helps to generate new somatic hybrids or cybrids by mixing 
desired traits from different parents, including tolerance to 
abiotic and biotic stresses as well as fruit quality. In theory, it 
allows to combine into the same cell not only the nuclear 
genome of one parent, but also the cytoplasm genome of the 
second by producing new cytoplasmic-nuclear genome 
combinations at both ploidy levels (diploid and tetraploid) to 
enhance the diversity of gene pools in the new germplasm. 
Improving fruit quality is substantially one of the most 
important goals for any citrus breeding program. In this 
study, protoplast fusion experiments were performed 
between ‘Key lime’ [Citrus aurantifolia (Christm.) Swingle] as 
an embryogenic cell suspension source for embryogenic 
protoplasts and ‘Femminello Lemon’ (Citrus limon L. Burm. 
F) as a mesophyll source of protoplasts. In order to 
characterize regenerated plants, the regenerated plantlets 
were subjected to flow cytometry (FCM) to determine the 
ploidy level. Ploidy analysis using flow cytometry showed that 
76 out of 122 regenerated plants were tetraploid. 
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The  genomic DNA was then  extracted for molecular 
investigation of genomic constitutions using simple sequence 
repeats (SSR) markers. The nuclear SSR results revealed that 
all the 76 tetraploid plants confirmed by FCM are a 
combination of the two parents. These generated  hybrids 
were planted at UF/IFAS Citrus Research and Education 
Center grove last summer for field evaluation. 
 
P-3007 
Transformation Services from Corteva Agriscience. GENY 
ANTHONY, Ajit Nott, Uyen Cao Chu, Deping Xu, and 
Todd Jones. Corteva Agriscience, 8305 NW 62nd Ave, 
Johnston, IA 50131. Email: geny.anthony@corteva.com 
 
Corteva Agriscience is a world leading developer and supplier 
of advanced trait technologies. Our goal is to develop 
effective, sustainable, and durable solutions to agricultural 
challenges. We are dedicated to enable the broader research 
community in academia and industry through our research-
as-a-service program. As part of this effort, we offer 
transformation services in three major crops: Maize, Soybean 
and Sorghum. Our proprietary plant transformation 
technology coupled with world class analytical capabilities can 
accelerate research by delivering high quality events. We use 
the same industry leading technologies that power Corteva’s 
R&D pipeline to serve external customer’s needs. Our simple 
end-to-end service begins with the client’s gene sequence and 
ends with delivery of seeds. It includes plasmid design, vector 
construction, plant transformation, and molecular screening. 
We use PCR and the proprietary Southern-by-Sequencing 
(SbSTM) technology to identify high-quality events. We deliver 
single copy, backbone free, marker free, SNPs free, sequence-
verified events with known insert location. Such high-quality 
events show uniform transgene expression and predictable 
segregation that ensures consistency and reliability of 
downstream results for our clients. We have earned great 
customer satisfaction for our services and look forward to 
leveraging our cutting-edge technology to serve the needs of 
scientists around the globe. 
 
P-3008 
Using CRISPR-Cas9 to Produce Cyanide-free Cassava. 
BALJEET K. GILL1, Jessica B. Lyons1,2, Michael A. Gomez1, 
Anthony T. Iavarone3, Jessica M. Ma4, Kodiak C. 
Berkoff2,  Stacia K. Wyman1,  Elaine Zhang1, Nigel J. Taylor5, 
Myeong-Je Cho1, Brian J. Staskawicz1,4, and Daniel S. 
Rokhsar1,2. 1Innovative Genomics Institute, University of 
California, Berkeley CA; 2 Department of Molecular & Cell 
Biology, University of California, Berkeley CA; 3 California 
Institute for Quantitative Biosciences (QB3), University of 
California, Berkeley CA; 4 Department of Plant & Microbial 
Biology, University of California, Berkeley CA; and 5 Donald 

Danforth Plant Science Center, St. Louis MO. 
Email: bkgill@berkeley.edu 
 
Cassava (Manihot esculenta Crantz) is a staple for over 800 
million people worldwide. This starchy root crop is a major 
source of calories for roughly 40% of Africans and an 
excellent food security crop due to its tolerance for drought 
and marginal soils. A major challenge, however, is the 
presence of cyanogenic glucosides (cyanogens), which break 
down into toxic cyanide. Dietary cyanide exposure is 
associated with conditions such as neurodevelopmental 
deficits, the neurological disease tropical ataxic neuropathy, 
and the paralytic disease konzo. Post-harvest processing of 
cassava to remove cyanogens can be laborious and reduce 
nutrient content in the resulting products. The paralogous 
genes CYP79D1 and CYP79D2 catalyse the synthesis in 
leaves and shoots of cassava’s principal cyanogens, which are 
then transported into the roots. CRISPR-mediated gene 
editing provides an ideal tool for reduction of cyanogen 
through targeted knockout of one or both of the CYP79D 
genes. We have established a platform at UC Berkeley’s 
Innovative Genomics Institute for cassava tissue 
culture, Agrobacterium-mediated transformation and CRISPR-
Cas9 gene editing. This precision breeding method facilitates 
the modification of a single gene or trait in cassava, avoiding 
time-consuming conventional breeding methods and 
preserving the complement of preferred traits in a given 
clonally propagated variety. As measured by mass 
spectrometry, bi-allelic knockout of both CYP79D genes in a 
model cultivar reduces cyanogen levels below detectability, 
and single-gene knockouts have intermediate cyanogen levels. 
We are now applying this editing approach to farmer-
preferred cassava cultivars. We are also pioneering gene 
editing methods which, by avoiding the incorporation of 
foreign DNA into a plant’s genome, are expected to obviate 
GMO concerns and drawn-out regulatory hurdles, easing 
adoption of improved cassava cultivars. 
  
P-3009 
Developing a CRISPR/Cas9 Genome Editing Transformation 
Protocol for Eucalyptus. ADELINA TRIFONOVA1, 
Manfred Lindmark1, Linus Möller1, Verena Fleig2, Anna 
Karlberg1, and Anastasia Matrosova1. 1SweTree Technologies 
AB, Umeå; 2Umeå Plant Science Centre, University of 
Agricultural Sciences, Umeå, SWEDEN. Email: 
Adelina.Trifonova@swetree.com 
 
Directed genome editing of Eucalyptus via CRISPR/Cas9 
technology is desired approach in increasing trees 
productivity and adaptivity in fast changing environment. 
Thus, our study addressed mutation frequencies in 
transformation experiments of eucalyptus hybrid clone where 
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carotenoid biosynthesis gene PDS has been targeted by 
sgRNAs CRISPR/Cas9 complex resulting in an albino 
phenotype. Two gRNAs were selected to create indels in 
exon 6 or 8. Using established Agrobacterium-mediated 
protocol for Eucalyptus transformation, pre-conditioned for 
high transient expression, we have successfully regenerated 
albino shoot clusters. Transgene free albino shoots have been 
also found within transgenic clusters on selection. Strategies 
for identification of non-transgenic mutants in absence of 
morphologically distinguished mutant phenotype are under 
evaluation. 
 
P-3010 
Gamma Radiation Impact on Seed Germination and In Vitro 
Shoot Regeneration of Tomato (Solanum lycopersicum L.) Ramsi 
Landrace. HUSSAIN A. ALWAEL1, Turki S. Alkhuraiji2, 
Poornananda M. Naik3, and Jameel M. Al-Khayri1. 
1Department of Agricultural Biotechnology, College of 
Agriculture and Food Sciences, King Faisal University, Al-
Ahsa 31982, SAUDI ARABIA; 2National Center for 
Irradiation Technology, King Abdulaziz City for Science & 
Technology, Riyadh 12354, SAUDI ARABIA; and 
3Department of Botany, Karnatak University, Dharwad, 
Karnataka 580003, INDIA. Email: h.alwael@yahoo.com, 
khuraiji@kacst.edu.sa, poornanandnaik@gmail.com, 
jkhayri@kfu.edu.sa 
 
Ramsi tomato (Solanum lycopersicum L.) landrace has the best 
economic returns due to its high consumer demand. 
However, it is a threatened local germplasm as a result of the 
environmental challenges associated with climate change and 
the destruction of natural habitat. Thus, breeding efforts are 
needed to improve this landrace variety. Low doses of gamma 
radiation have not been exploited in tomato genetic 
improvement. This investigation was conducted to determine 
the LD50 and the physiological effects of gamma radiation on 
in vitro growth of Ramsi tomato seedlings. Seeds collected 
from a local farm in Qatif, eastern Saudi Arabia were 
disinfected and cultured in Petri plates containing moisturized 
filter papers. They were subjected to increasing doses of 
gamma radiation ranging from 0 to 500 Gy using 60Co 
Nordion Gammacell 220. Following irradiation, the seeds 
were cultivated on MS hormone-free medium for 
germination. After 2 weeks of growth, leaf, cotyledon, and 
hypocotyl explants were cultured for 6 weeks on hormone-
containing MS medium to obtain shoot regeneration. 
Germination percentage showed gradual inhibition as the 
irradiation dose increased during the first 3 days with less than 
%50 germination in response to doses greater than 300 Gy. 
However, germination reached more than %80 after 12 days. 
Shoot height, root length, and cotyledon length showed 
gradual inhibition with an LD50 of 43.3, 24, and 57.5 Gy, 

respectively. At this stage, shoot height and root length were 
significantly reduced in response to doses higher than 100 Gy. 
Compared to all different explants in all doses including the 
control, the highest shoot length was obtained using leaf 
explants exposed to 25 Gy; whereas, the best number of 
leaves and branches was obtained at 75 Gy using hypocotyl 
explants 
. 
P-3011 
RNAi-based Approach to Assess the Role of Prenylated 
Stilbenoids Against Abiotic Stress in Peanut. GAURAV 
GAJUREL1 and Fabricio Medina-Bolivar1,2,3. 1Molecular 
Biosciences Graduate Program; 2Arkansas Biosciences 
Institute; and 3Department of Biological Sciences, Arkansas 
State University, Jonesboro, AR. Email gaurav.gajurel 
@smail.astate.edu, fmedinabolivar@astate.edu 
 
Peanut is one of the most economically important crops 
distributed around the world. During its cultivation, peanut 
plants undergo various abiotic stresses such as drought which 
causes several hundreds of million dollars in losses. Oxidative 
stress has been associated with drought and compounds that 
counteract oxidative stress may provide tolerance to this 
abiotic stress. Peanuts are known to produce prenylated 
stilbenoids to counteract biotic stress, but their role in abiotic 
stress tolerance has not been elucidated. We propose to use a 
RNA-interference (RNAi) approach to establish transgenic 
peanut plants and hairy roots with the capacity to produce 
diverse classes of prenylated stilbenoids and then evaluate 
their response to oxidative stress. Toward this end, we 
established regeneration procedures in peanut cultivar 
Tifrunner. Seeds were germinated under sterile conditions 
and explants including hypocotyls, cotyledons, internodes, 
and leaves were placed in culture medium supplemented with 
benzylamine purine (BAP) or thidiazuron (TDZ). The best 
explants were hypocotyls and optimum concentrations for 
shoot regeneration were 4 mg/L BAP or 5 mg/L TDZ. In 
addition, hairy roots were developed via Agrobacterium 
rhizogenes-mediated transformation and will be used as 
control.  RNAi molecular constructs targeting distinct 
stilbenoid-specific prenyltransferases have been designed and 
synthesized.  Ongoing experiments focus on establishing 
transgenic peanut plants and hairy roots harboring the RNAi 
constructs to modulate the levels of prenylated stilbenoids 
and ultimately assess the role of prenylated stilbenoids on 
abiotic stress tolerance. 
 
P-3012 
“Difficult-to-express” Coat Protein from Plant Cucumovirus 
Is Capable of Forming Virus-like Particles in E. coli Cells. T. 
V. Gasanova1, E. V. Skurat1, and P. A. IVANOV1. 
1Lomonosov Moscow State University, Faculty of Biology, 
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Department of Virology, 119234, Moscow, RUSSIA. 
Email: regaflight@gmail.com 
 
The coat protein (CP, 24 kDa) from new Moscow isolate of 
cucumovirus Gayfeather mild mottle virus (GfMMV-Mo, 
family Bromoviridae) can be considered a suitable object for 
“green” biotechnology. It is capable of infecting tobacco 
(Nicotiana tabacum) and N. benthamiana systemically; 
accumulation of particles reaches the level 5 g per 1 kg of 
fresh leaves (Gasanova et al., 2019). Initial attempt of CP gene 
expression in E. coli (strain SG13009) was unsuccessful, 
probably because of the large number of “rare” triplets 
coding for arginine, leucine, proline and some other residues 
(20 codons of 217). Seven of them were located within two 
stretches in 5’-terminal part of the native CP gene. Thus, we 
optimized the expression system by employing another 
bacterial strain (Rosetta) and removing the chloramphenicol 
resistance cassette from the original pQE30 vector (Qiagen). 
Protein was efficiently expressed and purified by metal 
affinity chromatography; its total amount was 10 g per 1 liter 
of medium. Expressed CP was recognized by either 
antibodies to GfMMV-Mo virions (obtained by our group) or 
commercial antiserum against other cucumovirus Tomato 
aspermy virus (TAV). Analysis of fractions demonstrated that 
CP was presented both in soluble form and localized in the 
inclusion bodies. Electron microscopy of supernatants 
(bacterial lysate) confirmed the existence of small amount of 
icosahedral virus-like particles (VLP). Their approximate size 
was estimated as 45 nanometers that is similar to wild-type 
GfMMV-Mo virions. Hence, virions produced in plants or 
VLPs obtained in bacterial expression system can play the 
role of carrier for different epitopes and proteins or be used 
as nanocontainers. 
 
P-3013 
PVX-based Vector as a Candidate for in Vitro Transient Gene 
Expression and for Large-scale Production of Recombinant 

Proteins in Plants. YANA SINDAROVSKA. Institute of Cell 
Biology and Genetic Engineering, NAS of Ukraine, Kyiv, 
UKRAINE. Email: sindarovskaya@ukr.net 
 
Plants are considered have a great potential for production of 
valuable recombinant proteins. Transient gene expression 
(TGE) in plants allows obtaining of high amounts of target 
proteins within a few days post infection; but infection steps 
must be always repeated with the new plants, thus 
complicating and restricting large-scale protein production, 
and raising the cost of the final product. To overcome this 
limitation potato virus X (PVX)-based vector carrying gfp 
gene was used. Nicotiana benthamiana plants were infected with 
agrobacteria carrying PVX-based vector which allows 
systemic transgene distribution in distal leaves. Infected 
leaves with visible GFP fluorescence were placed on 
regeneration MS medium in vitro, and 2-4 weeks later 
regenerants with very bright GFP fluorescence were emerged, 
roots started to appear after the next 2 weeks. Few 
regenerants grew in vitro conditions more than 4 months and 
demonstrated persistent (long-term) TGE of gfp gene and 
high GFP production during this period: highest GFP level 
was observed in upper young leaves and decreased in lower 
older leaves. Further, regenerants were micropropagated in 
vitro to multiply the plants with high level of target protein, 
typical for TGE, or transferred in soil. Many regenerants 
started to grow intensively after transferring in soil 
(greenhouse conditions). GFP production in regenerated 
plants growing in soil reached up to 20% of total soluble 
proteins (TSP) collected from whole plant (about 5 mg of 
GFP per one plant) and reached up to 50-80% of TSP in 
individual leaves of regenerants. N. benthamiana plants with 
another recombinant protein, colicin, was obtained in the 
same manner. Colicin activity of regenerants was confirmed 
by bacterial growth inhibition assay. 
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